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MESSAGE FROM THE DIRECTOR

Fal Semester 1998
by Todd Shely

The third iteration of the OTS Undergraduate Semester Abroad Program (USAP) came to a
highly successful close on December 13, 1998, over much pan de go and pizza a the I
Pomodoro restaurant in - San Pedro. We had a great group of students this semedter — they were
bright, enthusiagtic, and accomodeting, and teaching was a joy. The 25 sudents in the Program
represented 16 colleges and universities, most of which were samall privete liberd arts colleges (for
example, Smith, Bryn Mawr, Svarthmore, Reed were represented). The largest contingent (8 of
the 25 dudents) came from Duke Universty, which is not unexpected since Duke is the
accrediting indtitution.

The USAP teaching staff for this ssmester indluded Drs. Erika Deinert, Christopher Ivey, Todd
Shdly, and Ethd Villdobos. Visting faculty included Drs. Maarteen Kagppdlle of InBio, Deedra
McClearn of OTS, William Pfitsch of Hamilton College, and Ethan Temdes of Amherst College.
The Centro para Potencid Humanidad (CPH) under the direction of Y amillette Sanabria
Rodriguez provided language indruction.

The Program is mohile, and the following chronology includes brief descriptions of our activitiesin
accordance with our itinerary.

September 1— San Jose

Thefirg morning of the semegter was atime of introductions. Students first met one another, and
the USAP and OTS g&ff introduced themsdaves. USAP saff provided specific information on the
itinerary and course syllabi and outlined saff expectations of sudent academic performance and
socid behavior. Textbooks were distributed, and other logistic matters were handled.

After lunch, we vigted the Indtituto Clodomiro Ficado of the Universdad de CodaRicain large
part to gain a hedthy respect for the venomous snakes of Cogta Rica. We heard alecture on the
naturd higory of the more common species, the biologica action of venom, and the trestment of
poisonous snake bites. We aso saw specimens of severd common vipers, including the fer-de-
lance (terciopel0) and the eyelash and jumping vipers

September 2-4 — La Selva

We next traveled to Estacion Biologica La Sdvain the Caribbean dope for abrief introduction to
alowland rainforest. Here, the students had an orientation walk through this spectacular forest and
heard severd lectures on Costa Rican geography and dimate. A fruit lab was held, and students
much enjoyed their fird look at and taste of some exotic and ddicious fruits. Here too, Sudents
were introduced to the CPH daff, and interviews here conducted to group students according to



their Spanish proficiency. . Lagt, but hardly leest, we made ariver rafting trip on the Rio Sargpiqui,
which was, needless to sy, a huge success.

September 5-25 — Santa Ana

During these 3 weeks, students lived with Cogta Rican families and spent 4 hours every weekday
morning in Spanish dass. The CPH language schoadl islocated in the smdl town of Santa Anajust
west of San Jose, and its grassy campus has severd smdl buildings with dassrooms, areading
room, and aranchito among overarching mango trees. Classes were smdl (5 students, on
average), fadilitating rapid development of conversationd skills, which isthe cornerstone of CPH’s
teaching philosophy. Ingruction was rigorous and indluded daily written assgnments, interviews
with local people, reading and discussing Costa Rican prose and poetry, and periodic quizzes and
exams. A written report on Cogta Rican life was required later in the semedter.

In addition to more traditiond learning, students aso participated in cooking typica CogaRican
food and learned traditiona and modern dances of Costa Rica We dso made tripsto the Museo
Naciond, the Museo de Oro, and alocd trapiche (sugar cane mill) and heard taks on indigenous
peoples, colonia and recent history, folklore and myths, current problems of child labor, and
contemporary gender issues. We were aso very fortunate to have Deedra Hyde — the preeminent
“nature artig” of Cogta Rica - gpesk to our group on the role of art in environmenta education.

While emphasis was on language training, we did manege some fidd trips during thisinitid portion
of the semegter. Students were introduced to the spectacular butterfly faunaof CogtaRicaina
vigt to FincaMariposasin La Guacima. Two mornings were spent birdwatching, and we saw
aracais, toucans, hummingbirds, woodpeckers, tityras, and mot-mots among other things. We
aso traveled to Volcan Poas, where students caught a glimpse of the crater and were introduced
to high-dtitude plants, and Reserva Biologica Carara where we went bird-watching and saw
giant crocodiles dong the Rio Tarcoles. Cararais adjacent to some Pecific beaches, and after
hiking we hit Playa Herradura for some sun and surf.

September 26 — October 17 — Las Cruces

After abig fiestawith Sudents and their hogt families, we hit the road and headed south to the
Egtacion Biologica Las Cruces. Once again, Las Cruces proved an excdlent Ste for introducing
sudents to the exuberance of tropicd life. Accomodations in the Wilson House are extremely
comfortable, thefood is greet, and the Wilson Botanicd Garden isaliving laboratory thet
beautifully showcases the tremendous diversity of tropicd plants.

We accomplished severa important gods a Las Cruces. Fird, sudents recaeived indruction in the
identification and natura higtory of tropicd plants Raul Rojas led an informetive tour of the
Garden, and students were given lectures and practicd exercisesin plant vegetative and flord
morphology. Two additiond lectures— one on ethnobotany and the other on fungi —were
delivered by Luis Diego Gomez, gation director of Las Cruces. Also, Bill Pfitsch, abotanigt from



Hamilton College, visted usfor 1 week a Las Cruces and delivered two lectures on plant
physiologica ecology and led afidd exercise that compared photosynthetic rates of sun- vs.
shade-dwdling plants. Bill was a hit with the dass- he presented complex information in arelaxed,
yet orderly, demeanor that the students truly appreciated.

At Las Cruces, students were d o introduced two mgjor agroecosystemsin Costa Rica. Fidd
trips were made to coffee fincas and to beneficios to gain firs-hand knowledge about the biology
and commercid aspects of coffee production. In addition, we visited anearby oil padm plantation
and recaived an extengve tour of the faaility thet induded much in-depth informetion on the
biology of the pam aswel as the economic and socid conseguences associated with cultivetion of

this important crop.

On the zoologica ledger, we introduced students to tropica insects through collecting and
identifying gpecimens and accompanying lectures on insect biology. A field exercise was dso
performed that compared insect diversity between two different habitatsin the fidd gation. In
addition, sudents learned basic identification and biology of aguetic insects and compared
samples a different stes dong the Rio Jaba to examine effects of human perturbation on
community composition and diversity. Aquetic insects are bizarre cregtures, by and large, and the
Sudents redly enjoyed working with them.

Fndly, sudents were given 4 lectures that introduced hypothesis testing and inferentid datidics
Topicsinduded — the normd distribution, independent and paired t-tests and their nonparametric
equivaents, ANOVA and the Kruska-Wallis test, multiple comparison tests, regression,
correaion, and contingency tables. Accompanying exercises emphasized problem-solving usng
JUMP datidtical softwear.

Cerro dela Muerte— October 18-23

In mid-October, we headed north and spent 5 days exploring the beautiful oak forestsand
paramo found at the Cerro a eevations exceeding 3,000 m. The paramo here representsthe
northern most extenson of Andean vegetation, and students redlly enjoyed seeing thisexctic
habitat. Maarteen Kappelle, an InBio researcher who is an expert in high-dtitude plants of Costa
Rica led afidd project andyzing dtitudind changesin plant communities. Sudents— especidly
those from New England — were happy to be cold, happy to wear sweaters and jackets, and
happy to stay in awooden cabin complete with firegplace (and hot chocolate!). Before heading
back to San Jose, we aso made an early birding trip and got good looks a severa resplendent
quetzas- the jewd crown of Costa Rical s 850 hird species.

Mid-semester break — October 24 — November 1

This week encompassed our mid-semester breek, and students traveled to dl parts of CostaRica
- mountains for some, beaches for others. A few, more adventuresome students d <o traveled to



Managua, Nicaragua, and to Barro Colorado Idand, home of the Smithsonian Tropica Research
Inditute, in the Panama Candl.

Palo Verde —November 2-8

After the week break, we headed northwest of San Jose to Parque Naciona Palo Verde where
OTS mantains a fidd gation. Thanks to Hurricane Mitch, we recaived rain and more rain and
then some more rain. Convincing oursaves that wetness is largdy a sate of mind, however, we
plowed forward and accomplished a lot during our stay. One of our mgor gods a Pdo Verde
was to dlow sudents more freedom in doing field projects. Previoudy, we introduced students to
fidld research via faculty-led projects. Here, however, students worked in 2's or 3's on short-
term (3-day) projects of their own design. One day prior to departing Pao Verde, sudents
reported thar findings in 15-min ord presentations to the entire group. Students did a greet job
with this and their projects addressed a variety of interesting topics, induding territoridity in
jacanas, age-dependent herbivory in ant-Acacia plants, and anti-predator function of wing
coloration in butterflies. In addition to the projects, sudents heard a tak on the biology of
mangroves and then made a hdf-day trip down the Rio Tempisgue to see a beautiful mangrove
forest. Students had a bal dimbing over and through the maze of giant aerid roots of Rhizophora
thet formed anaturd jungle gym.

Rincon dela Viga — November 9-11

Rains form Hurricane Mitch made for impassable roads, and we were unable to travel to Cabo
Blanco as origindly planned. As an dternaive, we vigted this beautiful nationd park in the
Guanacadte region. Here, we took a long hike through beautiful the park and saw lots of gigantic
drangler figs, toucans, and monkeys as wdl as fumaroles (sulphur vents) and pailas (budbling mud
pits). Students aso had some free time for horseback riding and swimming at asmdl waefal.

La Salva — November 12 — December 13

The find month of the semester was spent a Edtacion Biologica La Sdva As dways, sudents
love their day here, and who can blame them? Pizotes, sainos, tercipelos, dendrobetid frogs,
toucans, oropendolas, doths, and bullet ants were seen regularly in a setting of lush understory
pams and giant 30 m tal canopy-forming trees draped with epiphytes.

At La Selva, we were joined by two vigting faculty. Deedra McClearn, coordinator of OTS's
graduate course in tropica ecology, ddivered a lecture on neotropica mammas and led a fidd
exercise on secondary seed dispersd. In early December, Ethan Temeles of Amherst College
joined us for aweek and gave two excdlent talks on hummingbird-flower coevolution. He dso led
afidd project that examined the effects of territory Sze and qudity on the foraging and defensive
behavior of resdent hummingbirds. Both Deedra and Ethan got aong very well with the students,
and ther participation added much to the whole semedter. Also, we visted a banana plantation,
the Huertos project (a field experiment in tropical forestry), and the ALAS project (alarge-scae



arthropod survey). Two researchers a La Sdva — Deborah Clark and Reiner Thide — gave
lectures to our group describing their research activities on carbon cydling in tropica forests and

the naturdl higtory of canopy-dwelling bees, respectively.

The primary focus & La Sdva, however, was the completion of long-term independent research
projects. Working singly or in groups of 2-3, sudents were expected to idnetify a problem, work
out the timeline and protocol of data collection, andyze data, and present their findings and
interpretation in ord and written reports. USAP faculty took on an advisory role, and students
were required to meet with their assgned advisor on aregular bass. The projects were varied and
included work on learning in baa ants, territorid behavior of rufous-tailed hummingbirds the
function of lesf drip-tips, extraflord nectaries and ant defense of Passiflora vines, and comparisons
between forest edge and interior in the diversty of woody plants and insects. A symposum was
held on the find day of forma coursework, and students described their results to their classmates
(following the format of a sdentific medting), and the presentations were generdly of very high
qudlity.

Over pizza and during farewdls, a student told me the best thing about the semester was the
gained sense of “connectedness’ — with Codta Ricans, the Spanish language, classmates and
professors, and, of course, tropicd biology. True experiences make powerful memories, and al
the students, | suspect, recognized just how much they had seen and learned and how much they
had grown as areault.
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COURSE SCHEDULE

SAN JOSE
Augugt 31 (Mon)
6 pm - Dinner for early arrivas
Sept. 1 (Tues)
8.30am - Depart hotel for CRO
1.30 pm - Depart CRO for Ingtituto Clodomiro Picado de la Universdad de Costa
Ricafor tak/digplay on venomous snekes (ErikalEthdl; FN)
7 pm - Dinner & Cuartel delaBocadd Monte

LA SELVA
Sept. 2 (Wed)
8am- Depart hotd for LaSdva
1.30 pm - Program Orientation
7.15 pm- Lecture Globd dimate (Todd; ES)
Reading. KR - 1(ES); KR - pp.331-320 (snakes, FN) FM - 1 (ES); JA -
snakes: 383, 384, 393, 406 (coral)(FN); JA - butterflies: 730, 741, 751,
775(FN); Rodriguez article(ES); Boza article (ES
Sept. 3 (Thurs)
7.30-11am - Fdd orientation
1.30 pm - Spanishvhomestay orientation
7.15 pm - Spanigvhomestay orientation con't.
Sept. 4 (Fri)
7.30 - Depart LaSdvafor river refting
1.30 pm- Fruit lab (ChrigEthdl; FN)

SANTA ANA
Sept. 5 (SA)
8 am - Depart La Sdvafor Centro Para Potencia Humano (CPH)
noon- Lunch a CPH
Sept. 6 (Sun)
8 am Depart CPH for La Guacima Butterfly Farm (Erika/Chris; FN)
Sept 7 (Mon)
7.30-11.30am - Spanish
1-2 pm - Lecture Geogrgphy and dlimate of Coda Rica (Chris, ES)
Reading: JA- 3(ES
2.15-3.15pm - Lecture: Indigenous peoples of Cogta Rica (Ethd; SP)
Sept 8 (Tues)
7.30-11.30am - Spanish
1-2 pm - Lecture Higory of Cogta Rica (Columbus-present, Todd; SP)
2.15-315pm - Lecture: Higory of consarvation in Codta Rica (Jose Maia
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Rodriguez; ES)
Sept 9 (Wed)
7.30-11.30am - Spanish
12 pm (noon) - Group lunch
Sept. 10 (Thurs)
7.30-11am - Mudcay bailestipicos
1.30-3.30 — Spanish
Reading: Costa Rican Legends (SP); Child labor article (SP)
4-5 pm— Review: Butterflies of Cogta Rica (Erika; FN)
Sept. 11 (Fri)
7 am - Depart CPH for Volcan Poas (FN)
3-5 pm Spanish (CPH)
Reading: JA - Poas plants. 225, 236 (Drymys), 239, 308, 311
Sept 12 (Sat)
7.30am - Depart CPH for Carara (optiond)
Sept. 13 (Sun)
Free
Sept. 14 (Mon)
7.30-11.30am - Spanish
1 pm- Depart CPH for Indituto Naciond de Biodiversdad (InBio; ES)
Reading: Miranda article (ES
Sept. 15 (Tues)
7.30-11.30 am - Spanish (Desfile)
1-2 pm - Lecture: Contemporary Coda Rica (Erika; ES)
Sept. 16 (Wed)
7.30-9.30am - Spanish
9.30-11.30am - Lecture: Role of women in Codta Rica (Thais Aguilar; SP)
12 pm (noon) - Group lunch
Sept. 17 (Thurs)
7.30-11.30am - Spanish (group A)
5.30am -noon - Birding (group B; Charley Gomez, SP/FN)
1- 2pm - Lecture Birds of Cogta Rica (Charley; group B; SP/FN)
Sept. 18 (Fri)
7.30-11.30am - Spanish (group B)
5.30-noon - Birding (group A, Charley, SPIFN)
1-2 pm - Lecture: Birds of Codta Rica (Charley, group A; SP/FN)
Sept. 19 (Sat)
Free

Sept. 20 (Sun)

Free
Sept. 21 (Mon)
7.30-11.30am - Spanish
1-2 pm - Lecture Popular cultureMedicind Plants (Ethd; SP)
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2.15-3.15pm - Discusson: MeffeCarall - Chap. 1,2 (ChrigErika; ES)
Sept. 22 (Tues)

7.30-11.30am - Spanish

1-2 pm - Lecture: Legendsof Costa Rica (Elias Zdedon; SP)

Sept. 23 (Wed)

7.30-11.30am - Trgpiche

1 pm- Group lunch
Sept. 24 (Thurs)

7.30-11.30am - Spanish

1-2 pm - Lecture: Art and consarvation (DeeDee Hyde, SP)
Sept. 25 (Fri)

7.30-11.30am - Spanish

12-2pm—Feda

LASCRUCES
Sept. 26 (Sat)
7:30 am Depart for Las Cruces
7:30 pm - Medting, equipment inventory and check-in (Classroom)
Sept. 27 (Sun)
811 am - Wilson Garden Tour (group A, Raul/Chris; FN)
7-9am - Garden birding (Erika; FN)
5-6 pm - Lecture: Introduction to Las Cruces (Gail Hewson)
Reading: Chapters on coffee and oil palms
Sept. 28 (Mon)
811 am - Wilson Garden Tour (group B, Raul/Erika, FN)
7-9am - Garden birding (Chris, FN)
1-2 pm - Lecture: Plant morphology (Chris, FN)
2.15-3.15pm - Lecture Rainforest structure (Erika; FN)
7.30-8.30 pm - Review: Garden tour (ChrigErika; FN)
Reading: KR - 2
Sept. 29 (Tues)
6:15 - noon - Oil pdm plantation (ErikalChris, ES)
1:30 - 230 pm - Lecture: Species concept and conservation (Todd; ES)
6:00 pm - Barbeque/Mixer
Reading: MC - 3
Sept. 30 (Wed)
7.30-9am - Rio Jabawak (group A; Chris; FN)
9-10.30am - Rio JAbawak (group B; Chris; FN)
11-12 am - Lecture Insects| (Erika; FN)
1.30-2.30 - Lecture: Insects | (Erika; FN)
2.45-3.45 - Lecture: Globd biodiversty | (Chris ES)



7:30-8:30 — Review: Garden hirds (Erika/Chris; FN)
Reading: MC - 4
Oct 1 (Thurs)
7.30-11 am Coffeefinca, beneficio - (group A; Raul/Chris ES)
7.30-11 am - Insect collection (group B; Erika; FIN)
1-2 pm - Lecture: globd biodiveraty 11 (Chris, ES)
2.15-3.15pm - Sdidics|: Descriptive stats, normad curve (Todd; FR)
Oct 2 (Fri)
7.30-11 am - Coffeefinca, beneficio (group B; Raul/Erika; ES)
7.30-11am - Insect collection (group A; Chris; FN)
1-2 pm - Lecture Sdidics|l: Hypothesistegting, t-test (Chris, FR)
2.15-3.15pm - Discusson: Coffeg/Qil PAms (ChrigErika; ES)
Oct 3 (Sat)
9am - Depart Las Crucesfor Las Alturas (group A; Chris)
Oct 4 (Sun)
4 pm- Arrive from Las Alturas (group A)
Oct 5 (Mon)
8- 930am - Hower morphology and biology (Group A; Chris;, FN)
- Butterfly techniques (Group B; Erika; FN)
930-11am - Hower morphology and biology (Group B; Chris, FN)
- Butterfly techniques (Group A; Erika; FN)
1- 2 pm - Introduction to computers and Jump (Group A; Chris FR)
2- 3pm - Introduction to computers and Jump (Group B; Erika; FR)
7.30pm - Lecture: Physologica ecology of rainforest plants- | (Bill; FN)
Oct 6 (Tues)
8-11 - Inter-habitat insect divergty - collection/sorting/identification
(ErikalEthd; ES)
1-2 pm - Lecture Globd loss of biodiveraty (Chris ES)
2.15-3.15pm - Discusson: Biodiversty—MC chep 4, 5 (ErikalChris, ES)
7 pm- Lecture Fungi (Luis Diego Gomez; FN)
Reading: MC - 5
Oct 7 (Wed)
811 am - Pant physology fidd project (Bill; FN)
1-2 pm — Lecture Satidics|il: Corrdation and Regression (Erika; FR)
2.15-3.15pm —Lecture: Insect mating systems (Ethd; FN)
6 pm - Resultsfrom Inter- habitat insect diversty project due
7.30pm - Lecture Physiodlogica ecology of ranforest plants- 11 (Bill; FN)
Reading: KR-3,FM-2,3,4,5
Oct 8 (Thurs)
811 am - Pant physology fidd project (Bill; FN)
1-2 pm - Discusson: Results of inter-habitat insect comparison (ErikalEthd; ES)
2.15-3.15pm —Lecture Tropica forest function (Erika; FN)
7.30-8.30pm - Lecture: Introduction to the paramo (Bill; FN)
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Oct 9 (Fri)
8-11am - Pant physology fidd project (Bill; FN)
1-2 pm - Lecture: Speciation in the tropics (Ethel; FN)
Reading: KR - pp. 106-125
Oct 10 (Sat)
9am - Depart for Las Alturas (group B; Erika)
Oct 11 (Sun)
4pm- Arrive at Las Cruces (group B)

Oct 12 (Mon)
8-9 am — Introduction to stream insects (Todd; ES)
9 10:30 — Aquatic insect collecting—Rio Jaba (group A; Todd; ES)
10:30-12 — Aquaic insect collecting—Rio Jaba (group B; Todd; ES)
1:30-2:30 — Lecture: Pollingtion biology (Chris, FN)
Readings. KR - chap 5-6, FM - chap 6, 7, 8
Oct 13 (Tues)
8-11 am — Rio Jaba/M atadero—oollecting, sorting (group A; Todd; ES)
8-11 am — Pant/pollination project (group B; Chris/Erika; FN)
1-2 pm — Lecture: Insect-plant interactions — herbivory (Erika; FN)
7 pm - Lecture: Ethnobotany (Luis Diego Gomez; ES)
Oct 14 (Wed)
8-11 am — Coffee beneficio—insect collecting, sorting (group B; Todd; ES)
9.30-11 am — Plant/pallination project (group A; ChrigErika; ES)
1-2 pm — Lecture: Statistics 1V — Chi-sguare tests, contingency tables (Todd; FR)
6:00 pm — Fnish sorting insects
7:15pm — Raul’ s dide show: ecotourism in Coda Rica
Oct 15 (Thurs)
8-8:30am — Discussion: Aquetic insects (Todd; ES)
8:30-10 am — Discussion: Plant/pallination project (ChrigErika; FN)
Oct 16 (Fri)
9-10.30am - ESEXAM
1-230pm - FN EXAM
Oct 17 (Sat)
Free day
Oct 18 (Sun)
9am- Depart Las Crucesfor Cerro delaMuerte

CERRO DE LA MUERTE

Oct 19 (Mon)
812 am - FHdd Project: Gentry transects in primary forest (Maarten; FN)
2-5pm - Dataanaysis (Maarten; FN)
7 pm- Lecture: Secondary successon and humans (Maarten, FIN)

Oct 20 (Tues)



812 am - FHed project: Gentry transectsin secondary forest (Maarten; FN)
2-4pm - Dataandyss (Marteen; FN)
4-6 pm - Research symposum (FN)
7 pm— Lecture: Naturd higory of the Cerro de laMuerte region (Maarten, FN)
Oct 21 (Wed)
1-2 pm — Lecture Plant mating systems (Chris; FN)
2:15-3:15pm — Lecture: Pupd mating in Heliconius (Erika; FIN)
Oct 22 (Thurs)
10 am - Depart for Cabinas Chacdn
Oct 23 (Fri)
5:30am - Search for quetzas
2 pm - Depart for San Jose
Oct 24 (Sat)- Nov 1 (Sun)
Vacation

PALO VERDE
Nov 2 (Mon)
7 am— Depart LaAmigtad for Pdo Verde
2-3 pm — Organizationd megting
3:15-4 pm — Lecture: Introduction to Palo Verde (Eugenio Gonzdez; FN)

7:15-8:15pm — Lecture: Sex and the sterile male- tales of the dreaded Gusano Barrenador and Mosca
Mediterrano (Todd; ES)

Readings. MC ch 8, 9, 10, 14(pp 479-495)
Nov 3 (Tues)
8-11am - Fdd orientation to Pdo Verde (FN)
2-3pm — Lecture: Naturd history of Mangroves (Patricia Delgado/P. Hensdl; FN)
3:15-4:15 — Lecture: Diversdad genetica de Snitenia humilis (mahogany, caoba)
en Centro America (Maguil; FN)
Nov 4 (Wed)
8am-— 2 pm — Mangroves (group A, Patricia; FIN)
All day — Project development (group B)
Evening: Meet with faculty to discuss projects
Nov 5 (Thurs)
8am- 2 pm — Mangroves (group B, Patricia; FN)
All day — Project development (group A)
1:30-2:30 pm — Lecture: Milkwead mating systems and pollination (Chris; FN)
2:45-3:45 pm — Lecture: Anima defenses: responses to predation (Erika; FN)
7-8 pm — Lecture: Invasve species killer beesin the New World (Todd;ES)
Nov 6 (Fri)
8 am- 6 pm - Project development (FR)
1-2 pm — Discusson : primary literature (Chrig/Erika; FIN)
Nov 7 (Sat)
8 am - noon — Project development (FR)

17
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1 pm— 6 pm Student presentations (FR)
Nov 8 (Sun)
7 am- Depart Palo Verde for Rincon delaViga
Nov 9 (Mon) and Nov 10 (Tues)
Unscheduled time/lndependent project paper write-ups

LA SELVA
Nov 11 (Wed)
8am- Travd toLaSdva
7:30 pm — Lecture: Re-Introduction to La Sdva (Francisco Mora; FN)

Nov 12 (Thurs)
7 am-noon— Project development (FR)
1:00pm - Medting: Independent projects (FR)
Readings. FM - chap 9, 10, 11; KR - p. 239-244; p. 295-314
2-6 pm — Project development (FR)
Nov 13 (Fri)
8-8:30am - Introduction to ALAS project (Group A; FN)
8:30-9 am — Introduction to ALAS project (Group B; FN)
Rest of day — Project development (FR)
6 pm - Independent project papers due
Nov 14 (Sat)
Unscheduled time/Project devel opment
Nov 15 (Sun)
Unscheduled time/Project devel opment
Nov. 16 (Mon)
7 am- noon - Project devdopment (FR)
1-2 pm - Discusson: Primary literature (Chrig Erika, FN)
3:15-6 pm - Project development (FR)
7:30-7:45pm - Meet with Nora and Amanda (Serena, Jon, Cory)
7:45-8:00 pm - Meet with Noraand Amanda (Naamd, Margaret, Lis)

8:00-8:15 pm - Meet with Nora and Amanda (Brita, Susannah, Andy, Carl)

8:15-8:30 pm - Meet with Nora and Amanda (Athena, Hegther, Kristen)
Readings: MC ch 6, FM ch 12-15, VP ch 14, Janzench 1

Nov. 17 (Tues)

7 am- noon - Project development (FR)

1- 2 pm - Facuity Project set-up (Nora/lDeedra, FN)

2:15-3:15 - Lecture: Consarvation genetics | (Chris, ES)

7:30-7:45pm - Meet with Noraand Amanda (Nicole, Raivo, Greg)

7:45-8:.00 pm - Meet with Noraand Amanda (Brad, Jen, Michelle)

8:00-8:15pm - Meet with Nora ard Amanda (Jesse, Sarah, Sophia)

8:15-8:30pm - Meet with Nora and Amanda (Abbey, Darren, Jessica)
Nov. 18 (Wed)



7 am- noon - Project development (FR)
1-5pm - Faculty Project (NoralDeedra, FN)
7- 10 pm - Independent Project: Mest with Faculty (FR)
Nov. 19 (Thurs)
7am- 11 am - Project deveopment (FR)
10:30-11:30am - Discussion: Primary Literature (Chris/Erika, FN)
2-5pm - Faculty Project (Deedra, FN)
7-8 pm - Lecture: Neotropicd Mammals (Deedra, FN)
Nov. 20 (Fri)
7 am- noon - Project development (FR)
11-12 - Lecture Communicetion (Erika, FN)
1-2 pm - Discussion: Breskfadt of Biodiveraty (ChrigErika, FN)
2-6 pm - Project development (FR)
6 pm - Re-written research papers duein coursebook format
7-8 pm - Lecture Naturd Higory Exploration in Latin America (Deedra, ES)
Nov. 21 (Sat)
Unscheduled
Nov. 22 (Sun)
Unscheduled
Nov. 23 (Mon)
7:30-12:00 am - Banana Plantation (Chiquita, ES)
1-2 pm - Lecture: Conservation genetics 11 (Chris, ES)
4-6 pm - Independent Project: Meet with Faculty (FR)
7-8 pm - Lecture: Carbono Project (Debra, ES)
8-9 pm - Independent Project: Meat with Faculty (FR)
Nov. 24 (Tues)
7:30-9:30am - Huertos Project, Group A (Migud, ES)
9:30-11:30am - Huertos Project, Group B (Migud, ES)
1-2pm - Lecture Frogs of La Sdlva (Erika, FN)
2-6 pm - Project Development (FR)
Nov. 25 (Wed)
8-10am- FN EXAM Il
1:30-330pm - ESEXAM II
Nov. 26 (Thurs)
Thankgiving
Nov. 27 (Fri) — Nov. 29 (Sun)
unscheduled
Nov. 30 (Mon)
7 an-dark - Project Development (FR)
6 pm- Spanish Paper due
7-8 pm — Lecture: Pallingtion Biology (Ethan, FIN)
Dec. 1 (Tues)
7 am-noon - Project Development (FR)

18
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1-4 pm — Independent Project: meat with faculty (FR)
6 pm- Pdo Verde Rewrites due
7-8 pm — Lecture Humminghbird- Hower Interactions (Ethan, FN)
8:15-9:30 pm - Independent Project: meet with faculty (FR)
Dec. 2 (Wed)
7amnoon— Faculty Field Project (Ethan, FN)
7-8 pm — Lecture: Canopy Bees (Reiner, FN)
Dec. 3 (Thurs)
7am-noon— Faculty Fidd Project (Ethan, FIN)
1-2 pm — Discusson: Primary literature (Todd/Erika; ES)
7-8 pm — Lecture: Genetic consequences of habitat fragmentation (Chris, ES)
Dec. 4 (Fri)
7-noon — Project Development (FR)
1-3 pm — Faculty Field Project (Ethan, FN)
7-8 pm — Lecture: Ants (Erika, FN)
Independent Project: Begin writing
Dec. 5 (Sat)
Unscheduled
Dec. 6 (Sun)
Unscheduled
Dec. 7 (Mon)
1:30-2:30 Trids Project (Pablo; ES)
6 pm - Independent Project Paper Due in Coursebook Format
Dec. 8 (Tues)
1-2 pm - Discusson: Breskfadt of Biodiversty ch. 5-10 (ChrigErika; ES)
Dec. 9 (Wed)
8-9:30am - ESFnd Exam
10-11:30am - FN Fnd Exam
Dec. 10 (Thurs)
Work on Rewrites and Presentations
Dec. 11 (Fri)
9-noon — Student Presentations
1-3pm - Student Presentations
3 pm— Pack up dl boxes
6 pm - Find Papers Duein Courssbook Format
Dec. 12 (Sat)
6:30 an-9 pm - to the beach
Dec. 13 (Sun)
7 am— Begin loading the Toyaotona and the bus
8am- Depart for San Jose
6 pm— Find Dinner a || Pomodoro
Dec. 14 (Mon)

Departures begin
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Physologica and morphologicd acdimation to light availahility in alight-loving plant, Pouteria
caimito (Sapotaceae)

Paticipants: Athena Dodd; Nicole Donovan and Brad Feldman (contributors); Bill Pfitsch

Category:  Faculty Fidd Project
(resource person)
Site Las Cruces

Key words.  Acdimation, photosynthes's, Pouteria caimito, shade intolerance

Introduction

The relationship between
phenotypic pladicity and the ecologicd
digtribution of agpeciesisacentra question
in plant ecology. As sessile organiams,
plants ae committed to the locaion in
which they germinate and must be &ble to
withgand varying conditions in order to
aurvive and  successtully  reproduce.
Because light avalability is a factor thet
determines plant survivd and success in
tropicd forests the didribution of many
plant species can be explained in reference
to this.

Ealier dudies have found
differences in photosynthetic acdimetion
between chadetolerant and shade
indlerant  gpedes  where  light-loving
oecies were more able to acclimate to
changing light avalability then ther shede-
tolerant  congeners  (Chazdon 1992
Chazdon and Kaufmann 1993). In these
Sudies little atention was pad to the range
in acdimation responses that might be
exhibited within a spedes- an important
factor in gauging potentid ecologicd
digtribution in gpace or time. The objective
of this sudy was to assess the acclimation
aolity of a light-loving shrub, Pouteria
caimito (Sgpotaceae) within and between
individud plants Both physologicd and
morphologica measurements were used to
describe photosynthetic capacity, induding
maximum rete of CO, asamilation, sometd

dendity, and leaf mass per area. It was
predicted that P. caimito, as a light-loving
plant, would display acdimetion to different
levds of light avaldbility, and tha this
response would vary between plants.

Methods

This gsudy was corducted on
October 8, 1998 a Las Cruces Biologica
Sation in the Wilson Botanicd Garden,
Cogta Rica The subject plant, Pouteria
caimito (Sapotacese) is a woody shrub
naturdly occuring in mid-devation, wet-
montane forests of South America Two
adjacent plants were sdected on the bads
of thar loction in an openligt
environment and the availability of leavesin
both high- and low-light locations on the
plant.

A camera light meter was used to
characterize areas of high and low light
avaladility on the plants & noon on an
overcast day. With a congtant aperture of
f16, lowlight locations required shutter
Speeds of between 1/8 and 1/30 seconds to
deliver the same amount of light as 1/250 to
1/1000 seconds in the high-light trestment.
Fourteen Eaves were collected from esch
plant, seven from eech light levd. Leaf-age
was regulated by choosing leaves one whorl
proximd to the newest leaves on a branch.
Leaves wee kept in waer until
photosynthetic rates had been messured,
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and then dored in a seded plagic bag
before taking fresh mass measurements.

The rate of CO, asamilation, Amax,
was measured usng a portable
photosynthess  sysem  (Li-Cor  modd
6200) with a light source of 800-1000
umol  photonslonf/sec.  Measurements
were taken in a laboratory setting with a
garting CO, concentration of 300 PPM.
Due to time condraints these data were
only taken for plant A. Stomata dengties
were cdculated as an average of three
gomatd counts in three different fidds of
view (400x megnification) on epidermd
peds taken from the underside of eech ledf.
Lesf area was measured usng a leef area
meter (Li-Cor 3100) and fresh lesf mass
was measured on an andyticad bdance.
Leaf mass per area (LMA), a messure of
lesf thickness, was caculaied of the ratio of
leaf massto leef area

Satidica andyses were conducted
with the datisticd software package IMP
3.22 (SAS Inditute, Inc.). For plant A,
Amx Was compared between the light
categories usng Student's Ttest. A two-
factor andyss of vaiance with an
interaction effect was used to compare legf
meass, somatd dendty, and LMA between
plants and light trestments. Pearson’s
correations were caculated between Ana,
gomatd dengty, and LMA.

Results

Leaf characterigtics differed more
between light leves than between plants
(Tables1 and 2). On average, leaves that
grew in the light had 50% more leaf mass
per aea and 53% more somata than
leaves from shaded aeas (Table 1).
Leaves from wdl-lit locations showed a
ggnificantly fader rate of CO, asamilation:
about 183% fadter than shaded leaves ¢ =

-5.194, df =7, P = 0.0013; Table 1).
FPants differed ggnificantly only in LMA,
where plant B had leaves that were 14%
thicker on average. A wesk interaction
trend was dso obsaved in how LMA
changed in each plant between different
light levels (Table 2). Plant A increased the
thickness of its leaves by 53% between
dak and light treetments, as opposed to
25% in plant B. Plant B however, had a
28% higher LMA messurements under
low-light growth conditions than plant A
and maintained higher LMA vaues overdl.

Corrddion andyses reveded that
Amax Was more strongly corrdated with leef
mass per area ¢ = 0.8630, P = 0.0027)
then with somata densty (r = 0.6654, P =
.0505).

Discusson

Intra- plant differences in
morphologicdl ad physologicd
characterigics of P. caimito were detected
in leaves grown under two light leves
Leaves grown in high-light conditions were
typicaly thicker, had higher <Somatd
dendty, and photosyntheszed a a
consderadly higher rate than those grown
under low-lignt condions ~ Stomatd
densty is a morphologicd indicator of a
plant’s photosynthetic potentia because of
its role in determining the amount of ges
exchange tha occurs for photosynthess
Leaf thickness is aso a useful indicator of
increased photosynthetic potentid because
it reflects cdlular changes in the amount of
photosynthetic tissue per unit lesf area
(Sms and Pearcy 1992). The corrdation
of LMA and domad dendty with Amax
shows tha this rdaionship between
morphologicd characterigics and
physologicd cgpacity holds for P. caimito.
Therefore eevated morphologicd



invesmat in light-treated leaves should
reflect increased investment in
photasynthetic machinery on a physiologica
levd. Pouteria caimito can accimate
photosyntheticdly to benefit from prevailing
light conditions on aledf-by-lesf bads.

Leaves grown under lowligt
conditions were dgnificantly thinner and
gndler in terms of fresh mass.  Chazdon
(1992) destribes this shift in resource
dlocion a a down-regulation of
physologicd processes in shaded leaves.
Such a sygem of down-regulaion would
reult in asmdler invesment by the plant in
aledf that isin aless advantageous posgtion
for parforming photosynthess. By investing
biomass where photosynthess has the
opportunity to occur a a higher rate, P.
camto can incease its  overdl
photosynthetic efficency and may compete
more effectively for space in aess of
petchy light avalahility.

Leaf thickness increased twice as
much in plant A asin plant B between low-
and hightlight categories dthough plat B
mantained higher LMA levdsoverdl. This
uggests tha plants have different
cgpabilities depending on the light levd in
which leaves ae grown. Under naturd
conditions these differing cgpabilities may
trandate into varying success rdaed to the
prevaling microdimae, egpecidly when
taking into account the posshility thet the
individuas used in this dudy were not
gendticdly distinct and the results represent
an under-edimae of exiding intra-pecific
variaion. If the corrdation between LMA
and photosynthetic rate is as strong as the
data sugged, intra-pecific variaion in this
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characterigtic  could  indicate  wider
ecologicd didribution of the gpedies then
predicted by indiscriminate sampling  of
leaves from severd plants Larger sample
gzesof leaves and plants would be required
to veify the datidicd sgnificance of this
finding, and ecologicd implications for the
digribution of the species would only be
expected if such intra-pecies variation was
gendticaly-based.
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Table 1. Meansand dandard deviations of leaf measurements from Pouteria caimito grown
under two different light levels n =7 for each category, except where indicated in parentheses.

Low-Light High-Light
Plant A Pant B Plant A Pant B
Armex (Lol /nrf/sec) 3.626 + 2.313 (4) 10.214 + 1.500 (5)
Lesf Mass (g) 117+034 110+037 183+044 175+033
Somaaffidd of view, 400x  161+39  196+37  247+30 259+46
Leef Mass/Area (g/nt) 1755+ 157 2244+324 268.1+27.6 281.6+25.2

Table2. Summary daigtics of two-factor ANOVA comparisons of leaf mass, lesf mass areg,
and gomatd dengty, induding interaction effects between light levels and plant individuds of
Pouteria caimito.

Effect df SS F P

Leaf Mass(Q)
Aant 1 0.0364 0.2631 0.6127
Light level 1 3.0294 21.878 <.0001
Plant*Light leve 1 0.000004 0.0000 0.9960
Error 24 3.3232

Somatafidd of view, 400x
Pant 1 36.571 2.516 0.1258
Light level 1 386.286 26.575 <.0001
Pant*Light leved 1 9.143 0.629 0.4355
Error 24 348.857

Leaf Mass/Area (g/nt)
Pant 1 6821.63 10.138 0.0040
Light leve 1 39275.14 58.369 <.0001
Pant*Light leve 1 2188.93 3.253 0.0839

Error 24 16149.03
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Photosynthetic pledticity of Pouteria caimito

Category: Faculty Field Project
Participants:
Ste Las Cruces
Keywords:

Introduction

Vaying levds of light in the rain
foret have led to the devdopment of
photosynthetic and morphologica  plant
adaptations.  While shade-tolerant species
experience lower, more condant leves of
light in the rain fores underdory, shede-
intolerant plants must develop adgptations
to daly varidions in sunlight. In response
to this greater fluctuation of light , shade-
intolerant species are expected to have
gregter photosynthetic plagticity than shade-
tolerant species (Bill Ffitch, pers. com.).
Adaptetions to condant changes in light
incdlude increased capabilities of dtering
ligt-harvest machinery, eectron capacity
and cabon capacity (Chazdon 1992).
Light-level exposure for leaves of certain
shade-intolerant gpecies, however, varies
within the sametree. Leaveslocated closer
to the center of the tree occupy a much
darker hebitat than those leaves on the
outer branches. | investigated the pladticity
of maximum phaotosyntretic rates, leaf mass
areg, and somatd dendty between leaves
occupying sun and shade  environments
from a sngle, dhade-intolerant Pouteria
caimito individud. | hypotheszed that
leaves from the sun environment would
yidd higher levels of photosynthess aswell

a diglay didinct  morphologica
advantages to ad in the incressd
photosynthetic demand.

Methods

Nicole Donovan, Athena Dodd, and Brad Feldman

light environment, photosynthetic rate, plagticity, Pouteria caimito

A member o the family
Sapotaceae, P. caimitoisfound throughout
Centrd America and northwestern South
Ameica, favoring lowland and lower
montane ran forets.  To invedtigate
differences between P. caimito leaves
found in sun and shede environments |
located an individud tree in an open area of
the Wilson Botanicd Gardens a Las
Cruces, Cogta Rica. The tree was located
on the east 9de of the Gardens, near the
bamboo sands. The species was chosen
based upon its  shade-intolerant
characteridics, as wdl as its sdf-shading
aoilities | determined a light and dark
environment with the use of a camera light
meter. With an agperture of F16, the sun
environment had a shutter speed of 1/250
to 1/1000 of a second, while the shade
environment had a shutter speed of 1/8 to
1/30 of asecond. Shutter speed readings
were recorded on October 7, 1998, during
an overcad dtenoon.  The following
morning, | collected 7 leaves from each of
the environments, taking only the younges,
fuly emerged leaves  After caefuly
labeling each ledf, | placed individud leaves
in asmal container of water and exposed
them to direct sunlight for thirty minutes
Leaves were then tesed for maximum
photosynthetic rate usng the Li-Cor 6200
Photosynthess Sysem.  Leaf mass was
determined by weghing individud leaves
with an dectronic baance. A Li-Cor 3100
lesf area meter was used to find lesf areaof
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eech sample  Ledf mass aea was
cdculaed by dividing mass (g) by aea
(cn?). Leaves were dso tested for
gomatd dengty. Nail polish was gpplied to
an area approximately 1 cnf, located on
the undersde of the lesf. After dlowing the
polish to dry, the polish was removed and
used to prepare a wet-mount dide. Three
different areas were counted from each ledf,
under a40x lens. An average of the three
counted aress was used to obtain find
domad dendgty numbers  T-tests were
used to compare differences between sun
and shade trestments. Relative differences
between mean sun and shede leaves were
cdculated by dividing the difference of
mean un and shade vaues by the mean
shade vaue. Correlations were dso made
to compare trends in lesf morphology (lesf
mess aea and domad dendty) with
maximum photosynthetic rate.

Results

Maximum photosynthetic rate, lesf
mass areg, and domad dengty were dl
gonificantly higher in sun leaves then in
shade leaves (Table 1). However,
maximum photosynthetic rate had a greater
relative difference than leaf mass area and
domata dengty (Table1).

Maximum photosynthetic rate was
postively corrdated with leaf mass area (r
= 0.863, P =0.0027: Figure 1). A pogtive
corrdaion between maximum
photosynthetic rate and stomatd dengty
was dso made ( = 0.6654, P = 0.0505:
Figure 2). The corrdaion between
maximum photosynthetic rate and lesf mass
areais dightly sronger than the correlation
between maximum photosynthetic rate and
somatal densy.

Discusson

Collected data support my
hypothess that P. caimito leaves from a
un environment display greater rates of
photosynthess than those of a shedier
environment. My findings ae in
accordance with Chazdon, who has
observed greater photosynthetic plagticity in
shade-intolerant species (1992).  Other
tests have dso shown that shade pecies
tend to have lower maximum photosynthetic
vadues (Luttge 1997). Thus leaves
collected from the shede environment may
have adapted greater shade-tolerant
datributes to adjust to the low-light
environment.  This acdimetion to a shade
environment indudes a down-regulaion of
biochemica processes, thus supporting the
observed lower maximum photosynthetic
rates seen in the shade leaves (Chazdon
1992).

Daa dso support nmy hypothess
tha leaves from the sun and shede
environments have diginct morphologicad
differences  Both lesf mass area and
domatd dendty have mean sun vaues
goproximately 50% > the respective mean
dhade vdues  Ledf mass aea has
repeatedly been eported to be greater in
un leaves, as my data aso suggest (Luttge
1997). Differences in leaf mass area may
result from a sun leaf's need for more light
harvesing mechinery. Thus sun leaves
would be better equipped to utilize the large
amounts of solar energy to which they are
exposed.

Srong  pogtive  corrdations
between maximum photosynthetic rete and
both lesf mass area and gomata densty
support my hypothess that sun leaves
digolay diginct morphologicd differences to
ad in the increased photosynthetic demand.
Sun-loving leaves have been found to have
grester amounts of chlorophyll, leading to



increesed  maximum  photosynthetic  rate
(Chazdon 1992). Smilarly, an increase in
domatd dendty dso results in higher
photosynthetic rates, as the plat has a
grester capacity to capture carbon dioxide.

Future studies should attempt to
obtain light data for each leaf collected.
With light messurements for each ledf,
continuous,  rather  than  discrete,
relaionships can be examined between
physologicad and biochemicd differences
with respect to light. A greater sample Sze
of shade and sun leaves should dso be
collected, as asmdl sampling can leed to a
gregter chance of inaccurate results. More
individuals of P. caimito should aso be
tested to observe variation in shede tolerant
adeptations of inner leaves among
individuas of this species of tree. Despite
the need for future tegting, collected data
srongly support the hypothess thet leaves
from the sun environment yidd higher levels
of photosynthess aswdl as digplay distinct
morphologica advantages to ad in this
increesed  photosynthetic demand.  Such
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relaionships between high and low light
ewvironments with repet to plat
physiologica responses prove to be useful
knowledge in further comprehendon of
forest growth and production.
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Table1l. Summary of differencesin maximum photosynthetic rate (Max Ps), lesf mass area
(LMA), and someta dengty for shade and sun leaves of Pouteria caimito at Wilson Botanical
Gardens, Las Cruces, CostaRica **=P<0.01, ***=P<0.001, ****=P<0.0001 in at-test

comparing means of sun and shede leaves.

Tet n MeanShade(SD) Mean Sun(SD) Rdative
Difference

Max Ps Rate 7 363 (x2313) 10.21 (= 1.8) 1.83

(mmol/nf/sec)**

LMA (g/orf)*** 7 0.018(x0.34) 0.027 (+ 0.44) 0.50

Somata Dengty 7 17.86(+ 39 25.29 + (3.0 053

(per 40x view)****
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Figure 1. Maximum photosynthetic rate vs. leaf mass areaof P. caimito a Wilson Botanica
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Felony and the flowering plant: effects of nectar robbery on Stachytar pheta jamaicensispollen
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Introduction

Due to thar sessle naure
flowering plants must rdy on insects and
birds for pollen transfer between individuas
(Inoye 1981). To atract pollinators, many
flowers produce nectar rich in sugar ad
other carbohydrates to entice species into
vigting, as vigtation is often equated with
pollingtion (Inoye 1981). However,
chegters exig within this sysem. Certain
species have learned to obtain nectar by
biting through the corolla a the base and
thus bypassing the flower's sexud organs
This activity, refered to as “nectar
robbing” would seemingly be detrimentd to
plant reproduction, as robbing species do
not ad in pollen digoersd.  Additiondly,
robbery would result in  lower
concentrations of nectar within affected
plants, possbly deering potentid
palinaors from vigting, and pallingting,
these less rewarding plants

The purpose of this sudy is to
investigate the effects of nectar robbery on
flord pdlination, spedficaly within the
species  Sachytarpheta jamaicensis.
Snce pdllen of S jamaicensisis deposited
on flord gigmes when pollinators vist
flowers to drink nectar, sigmd pollen load
can be used as an indicator for effective
pallination. It is hypothesized thet robbed
flowers would have lower pollen counts
than un-robbed flowers.

Daren Miao and Athena Dodd

Nectar robbery, pollen load, pallination Sachytar pheta jamaicensis

Methods

Sachytarpheta jamaicensis
grows naturdly in Coda Rica dong Atlantic
beaches, the Pacific dope a low to middle
devaions and in the Guanacadte region
(Standley 1938). It dso grows as an
introduced species in the Wilson Botanicd
Garden (San Vito, Cogsta Rica) where the
sudy was conducted. The smdl, purple
flowers of this gpedes bloom in smdl
bunches on gaks cdled racemes. Pollen
grans resemble amdl fish eggs under the
dissecting scope (pers. obv).

For the study, ten racemes were
randomly collected. Each possessed 4to 7
blooming flowers, for atotd of 64 flowers.
In the laboratory, flowers were separated
into two groups : corollas that exhibited
sggns of nectar robbery and those that did
not, with the frequency of robbery then
cdculated. Holes or dits located at the
base of the cordlla were taken as Sgns of
nectar robbery. Once the separation was
complete, twenty specimens from each
group were randomly selected and viewed
under dissecting scopes. Counts of the
number of pollen grans upon individud
digmas were made,

The amount of pollen on the sigmas
of robbed and unrobbed plants was
compared usng a Wilkoxin Rank Sum test
and the IMP gatidticd software package.

A quick survey of the types of
goecies that were present aound S
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jamaicensis was aso taken at the end of
the sudy.

Results

Of the 64 flowers collected, 24
(37.5%) exhibited signs of nectar robbery.
The number of pollen grains presert on
robbed flowers and un-robbed was not
normdly disributed. Most robbed flowers
contained no pollen. Four stigmas (20%)
possessed a grain of pollen.. Pollen counts
for un-robbed flowers ranged from O - 5,
with 10 possessing no pollen (50%), 5
possessng a dngle gran (25%), 1
possessng two grains (5%), 2 possessng
four grans (10%), and 2 possessng five
grans (10%). Un-robbed flowers thus had
a ggnificantly higher pollen count then
robbed flowers Z = 2.22461, dof = 38, P
= .0261). Buitterfly scaes were observed
in dwundance on 4dl flower digmes
regardless of pollen count.

Observed gpecies that visted S
jamaicensis flowers induded the rufus
taled hummingbird, the Trigona dingless
bee, 5 types of Lepidoptera (4 butterflies
and one unidentified species), and 2
unidentified species of Hymenoptera (one
ant, onewasp).

Discusson

As hypothesized, stigmas of robbed
flowers contained less pollen counts then
un-robbed flowers, indicating that nectar
robbery results in reduced pollination of

Sachytarpheta jamaincenss. This
findng hes seved implications for S
jamaicenss  reproductive  success.

Primarily, a reduced pollination rate would
decrease an individud’s outcrossing.  This
decrease is fairly important if outcrossed
individuds produce more vigble offsoring.
Mutations ae less likdy to occur in

outcrossed individuds and genetic defects
from one parent can be negaed by the
gendtics of the other parent. Thus it is
evolutionary beneficdd for individuds to
outcross. Therefore, nectar robbery would
have a negative effect on S, jamaincensis
fitness  Additiondly, snce plants often
require more than one pollen gran for
fertilization, nectar robbery would further
hurt S jamaincensis because less pollen
grains would be present upon the Sigmeas of
robbed individuals than on the sigmas of
un-robbed individuds. This decrease in
pollen grain load would most likely trandate
into lower fertilization rates and decreased
number of offsoring. However, further
dudies invedigaing the fertilization rates of
robbed and un-robbed flowers need to be
conducted in order to verify this hypothess.
Severd posshble explandions can
be given for the differences in pollen grain
load. Fird, legitimate pollinators may be
able to didinguish between robbed and un
robed flowers, though the mechanism for
this knowledge remains unknown. Since
robbed flowers would most likdy contan
dgonificantly  lower levds of nedta,
pallinators may forgo vigting such flowers,
thus resulting in lower pollen countsin such
individuds However, further dudies
measuring the nectar levels of robbed and
un-robbed flowers need to be conducted
before such a concluson can be drawn.
Ancther possble explanation for
the lower pollen countsin robbed flowersis
that damage to the nectaries may trigger an
induced flord response where the stigma of
the flower losesits gtickiness. Such a date
would prevent pollen from gicking to the
digma, thus resulting in the lowered counts.
However, the large number of butterfly
scaes atached to both types of digmas
uggeds that this is not the case here. If



robbed flowers did exhibit this induced
reponse, then a dgnificantly reduced
number of butterfly scaes should have been
observed in robbed flowers.

Findly, it is possble that some of
the legitimate pallinators may aso be nectar
robbers If a legitimate pollinator decides
to nectar rob ingtead of obtaining nectar the
conventiond way, then pollen loads would
decrease as the number of legitimete vigts
would aso decrease. Again, further sudies
obsaving the foraging behaviors of
legitimete pallinetors of S jamaicensis is
needed to support this hypothesis.

Although nectar robbing was not
directly obsarved in this dudy, severd
possible culprits can be identified based on
previous dudies Trigona bees
(Brandenburg 1976), ants (Free 1970), and
wasps (Rust 1977) have dl been observed
robbing nectar in various flowers, dthough
neve in S jamaicensis. Lepidoptera
could aso be engaging in nectar robbing, as
thar proboscis may be smdl enough to
bypass the rddivey large pollen of S
jamaicensis. However, actud observations
need to be made in dl cases before a
pecies roe a  Sachytarpheta
jamaicenss nectar robbers can be
determined.

Literature Cited

3<

Brandenburg, W. 1961. Broad beans :
causes of poor yidds sought. N.Z. J
Agric. cited inD.W. Inoye. 1981. The
ecology of nectar robbing. in B. Bently
and T. Hlids editors. The biology of
nectaries.  Columbia Universty, New
York, USA.

Free, 1970. Insect pollination of crops.
Academic Press, London, Uk. dted in
DW. Inoye. 1981. The ecology of
nectar robbing. in B. Bently and T. Elids,
editors The biology of nectaries
Columbia Universty, New York, USA.

Inoye, D.W. 1981. The ecology of nectar
robbing. Pages 153-173. in B. Bently
and T. Hlids editors The biology of
nectaries  Columbia Universty, New
York, USA.

Rug¢, RW. 1977 Pollination  of
Impatiens capensis : pollingtors and
nectar robbers. J. Kansas Entomol. Soc.
cited in DW. Inoye 1981. The
ecology of nectar robbing. in B. Bently
and T. Hlids editors. The biology of
nectaries.  Columbia Universty, New
York, USA.

Standley, Paul C. 1938. Hora of Costa
Rica Vol. XVIII, Pat Ill. Fédd
Museum Press, Chicago, USA.



36

The effects of nectar robbery on sigma pollen load of Thunbergia grandiflora

Category: Faculty Fidd Project
Paticipants  Raivo Vihman and Heether Fowler
Site Las Cruces

Key Words:  Nectar robbery, reproductive success, Thunbergia grandiflora, Trigona

Introduction

A common drategy of plants for
atracting pollinators to their flowers is to
provide a source of nectar at the base of
the corolla. In the process of feeding on the
nectar, pollinators brush the anthers and
digma with pat of ther body, depogting
pollen from other flowers while picking up
new pollen. Many flowers have evolved
fooms gedficdly suited to effective
pollinators, such as the long coralla tubes
asociated with many  butterflies and
hummingbirds  Some insects that would be
exduded by flower morphology have
evolved dterndtive drategies of “geding”
nectar while bypassng the flower’s sexud
parts, these are known as nectary robbers.
Nectar robbery usudly involves chewing a
hole through the base of the cordllato gain
access to nectar without entering through
the corallatube (Inouye 1981).

Nectar robbery is a foraging
method commonly employed by short-
tongued bees such as some Bombus,
Xylocopa, and Trigona species, aswdl as
other insects and some dhort-beaked
hummingbirds (Barrows 1980). Primary
nectar robbery is generdly considered to
incresse foraging effidency in reldion to
legitimate flower entry, and in some cases
may be the only access to nectar for
robbers (Inouye 1981). The effects of
nectar robbery on seed s, or reproductive
success of the plant has been controversid.

Nectar robbers are expected to have a
negative impact on the plant’s reproductive
success, but research in this area has been
incondusve Various sudies have shown
Oecressed seed set, no effect, we well as
increased seed set in nectar robbed flowers
(Inouye 1981). Robbers may, for example,
indirectly  pollinete Hf-fetile flowers
through their movements on the flower and
may even cosspollinate flowers by
contacting sexud flower parts when visting
flowers (Alford 1975). This sudy amsto
determine whether nectar robbery haes a
negative effect on reproductive success of
Thunbergia  grandiflora,  mesasured
through sigma pollen load.

Methods

This sudy was conducted on
October 14, 1998 a the Las Cruces
Biologicd Saion in the mountans of
southern Coda Rica Sixty flowers were
hephazardly sdected from a plot of T.
grandiflora vines and checked for holes a
the bases of ther corollas for evidence of
nectar robbery. Twenty robbed and twenty
unrobbed flowers of dmila age were
collected. Pollen grains were counted on
eech digma under a dissecting microscope.
Data were andyzed with a t-tes usng the
JMP gaidicd package (Sdl and Lehman
1996).

Reaults



Out of 60 flowers sampled, 40
(67%) had been robbed. Eight of the 20
unrobbed flowers had holes chewed mog,
but nat dl the way through the base of the
corolla Trigona dingless bees were the
most commonly observed robbers, but
were observed entering and exiting flowers
legitimately aswell. At least two species of
wasps were observed between the cayx
and corolla, suggesting robbery on ther
part aswdl. At least three goecies of ants
were obsarved on the flowers, often a the
sametime asthe Trigonas or wasps.

The pollen load ranged from O to
14 pollen grains per sigma for both robbed
and unrobbed flowers: The mean pollen
loads for robbed and unrobbed flowers
were 4.15 (SD = 4.146) and 345 (SD =
3.268), respectively. A t-test between
robbed and wunrobbed reveded no
ggnificant difference in sigma pallen load (t
=0.593, df = 38, P =0.5567).

Discusson

Thunbergia grandiflora has been
cited by Faegri and van der Fijl (1966) as
an example of a plant adgpted agang
nectar robbing through a mutudidic
relaionship with ant guards. These guards
are reported to repd nectar robbers such
as Xylocopa bees from the base of the
corolla, and plantsthat do not engagein this
mutudism ae sad to be rae  Our
observations contradict this, in that most of
the flowers we observed contained no ants,
and where ants were present, nectar
robbers were present aswell. It isposshle
tha the ant gpecies involved in the
mutudism with T. grandiflora is not
present in the garden a Las Cruces,
because T. grandiflora is native to Asa
and therefore an introduced species to the
Americas.  Inouye (1981) suggests thet T.
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grandiflora dso has a thickened cordla
which is thought to be protection agangt
nectar robbery. Clearly, if the thick corolla
IS an adgptation againg nectar robbing it is
only capable of dowing down the robbers,
and not of diminating them. Posshly in
conjunction with the ant guards, which do
not seem to be present in the dudy
population, the thickened cordlla could
increase  the effectiveness of the ant
protection by providing them with more
time to atack potentia robbers, thereby
decreasing  successful  nectar  robbery
atempts  The aght unfinished holes
support this contention.

Free and Williams (1973) found a
postive corrdation between frequency of
robbery and corolla tube depth and width.
It s|ems counterintuitive that wide corolla
tubes should be pogtively corrdaed with
nectar robbery, but this rdaionship is
supported by our obsarvations of T.
grandiflora flowers, which are rdaivdy
deep tubes, and much wider than the
bodies of any of the nectar robbers we
obsarved. The economy of robbing T.
grandiflora makes more sense when it is
noted thet the corollas, dthough wide & the
mouth, have a condriction above the
ovaies which may not dlow legitimate
access of short-tongued bees and wasps
(and ants, for that metter) to the nectar.
Ancther advantage of nectar robbery may
be that it dlows robbers access to the
nectar before the flower has opened,
whereupon  pollinstors  would  have
legiimate access  This behavior was
observed later by a Trigona bee in the
same population. This could benefit the
efidency of robbing, by enswing an
unexploited nectar source waiting a the
other gde of the thick corolla Despite the
thickened corolla, 67% of flowers sampled
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were robbed, and induding the 8
uncompleted robberies, 80% were robbed
or in the process of being robbed. This
suggests thet robbing T. grandiflora isan
effident foraging technique a Las Cruces

Interpretation of our results is
complicated, as our sudy population was
not in its native ecologica context. An
essentid symbiotic species of ant guard may
be missing, aswell asits specific pallinetors.
Therefore inferences of these data upon T.
grandiflora’s evoutionary higory in
relaion to nectar robbing ae difficult.
Although nectar robbing gppeared to be
common in T. grandiflora, dHaidicd
andyss suggeds that it had no effect on
gigma pollen load in our study population.
It is difficult to interpret these data
meaningfully in rdation to reproductive
success, however. It is not known, for
example, whether apollen load of 14 grains
per sigma (the maximum load observed) is
a high or low padlen load in naturd
populations of T. grandiflora, and
therefore how such a pollen load would
trandate to seed set. It is possible that T.
grandiflora lacks an effective pollinator at
Las Cruces, and that the polen load
observed was in fact very low; the surfaces
of the gigmas seen under the microscope
were dmaost completely barren, even under
our highet pollen count. Gregter
knowledge of T. grandiflora’s
reproductive biology is necessay for
meaningful anaysis of our results.

In the absence of its native
pollinator(s), it is possble that the observed
pollen load was due s0lely to the nectar
robbers. If thisistrue, and if the observed
pollen load trandates to seed s, thiswould
leed to the oconduson tha in this
environment, nectar robbers can benefit T.
grandiflora reproductive success. Studies

relating pollen load to seed set, seed st to
nectar robbery, as wel as in situnaturd
history observation a the Las Cruces dte
ad in T. grandiflora’s native habitat, are
necessaty to reved the effects of nectar
robbing on reproductive success within and
outsde its netive context.
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Introduction

The contradting ecologica higories
of primay and secondary foredts are
evidenced by differences in forest Sructure
and tree species compogtion. For
example, high dtitude tropicd primary
forests are often characterized by a few
dominant tree species that have grown to
meaturity, outcompeting early successond
goecies in the process  High dtitude
secondary  forests, in contrast, generaly
have ahigher species diversty and agreater
dengty of young, fast-growing trees, these
colonizing species are eventudly replaced
by dower-growing, longer lived trees
(Maaten Kapdle, pers. comm.). In
addition, the species compogtion of a
primary forest tends to be stable, whereas
secondary forests are in a gate of flux with
high species turnover rates. Thus we can
expect primay and secondary forests to
differ dgnificantly in type, abundance and
digribution of species, as well as in tree
Sze

In this sudy, we compared a
transect of primay coud foret with a
transect of secondary cloud forest
approximatdy twerty five yearsin age. We
examined 9ze and didribution of individud
trees in each transect.  With this data, we
intend to demondrate trends in forest
dructure typicd of primary and secondary
forests.

Methods

The doud forest surrounding Cerro
delaMuerte, Costa Rica, contains adjacent
patches of primary and secondary forest.
This mekes it an ided location to examine
successon and growth  paterns  of
regenerating fores.

We compared two transects in
differing forest types. The first transect was
in a primary cloud forest near Cerro de la
Muerte, Costa Rica, on October 19, 1998.
It was oriented in an east-west direction
perpendicular to a ridge, 50 m down each
dope for a totd length of 100 m. The
second transect, completed the next day,
was 50 m long, and was dso oriented east
to west in a nearby area of secondary
forest. The transects were 2 m in width
(Im on each dde of the centrd transect
ling). All trees with a diameter & breast
height (DBH) equd to or greater than 2.5
cm were induded in the Sudy if at leest half
of ther base was within the transect
boundaries.

We made svead different
observations for each tree. We recorded
the spedies of each individud and its DBH
(to the nearest 0.1 cm). We determined the
relative coordinates of each tree using the
disgance (to the nearex 0.01 m) from
darting point and distance (to the nearest
cm) from the center line of the transect.
Tree heght (to the nearest 0.25 m) was
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visudly esimated from the ground leved to
the highest point of thetree.

To dassfy the DBH digribution of
the treesin the transects, we established the
folowing sx DBH dasses (1) 25 cm5.0
cm; (2) 51 cm10.0 cm; (3) 101 cm
20.0cm; (4) 20.1cm-40.0cm; (5) 40.1cm-
80.0cm; and (6) 80.1cm-160.0cm. A
logarithmic scae was used to account for
large outlying vdues  The number of
individuas within each dass was plotted for
each transect. To deemine the
relationship between tree height and DBH,
alogarithmic regresson was performed on
plots of height vs. DBH for the primary and
secondary forest transects.

Plots of tree height vs digance
dong each transect were generated to
demondrate geographic trends in primary
and secondary forest architecture.  To
determine the number of individuds per
hectare, tree dengties were caculated by
dividing the number of treesin one transect
by 0.02 haor 0.01 ha, the area covered by
the primary and secondary transects,
repectively.

A frequency didribution of tree
Species was condructed for both forests to
demondrate patterns in species dominance.
The ShannonWeiner index was usd to
determine the gpecies diversty and
evenness for our transects. To generate a
ecies area curve, the area (in nv)
aurveyed in eech transect prior to
encountering the firg individud of each
species was cdculated. These vaues are
equa to the product of the pogtion (in m)
aong the transect of thetree in question and
the transect width (2 m). The vaues were
compiled into two Species area curves, one
for each forest type. Each set of data was
subjected to aregresson andyss. The best
fit cuve of the fom s = cA* was

determined where s = the number of
species, A = aeg, and ¢ and z ae
congants.

All  gaidicd andysss wee
paformed usng the JVP datisticd
package (Sal and Lehman 1996).

Reaults

In our primary fores tract the
grestest number of individuds fdl within the
lowest DBH class (2.5 cm 5.0 cm; Figure
1). Numbers of individuas decreased with
increesng DBH dass (Figure 1). In the
secondary forest the grestes number of
individuas were in the second DBH dass
(5.1 cm-10.0 cm; FHgure 2). Beginning with
the third DBH dass (10.1 cm- 20.0 cm)
there was a sharp decrease in number of
individuals found (Figure 2).

Maximum, minmum and average
vaues for DBH and height in each forest
transect are given in Table 1. DBH did not
differ between the two types of forest ¢-
te: n = 71, t = 1487, P=0.142).
However, tree height was greater in the
primary forest then in the secondary forest
transect (t-te: n =71, t = 2057, P <
0.043). When alogarithmic regresson was
performed on eech plot of height vs. DBH,
vaiance in primary forest tree height was
explaned well by DBH (n=31; R = 0.82;
P < 0.001; Figure 3), while DBH did not
explan variance in haght of secondary
forest trees (n = 40; R = 0.53; P < 0.001;
Houre 4). Addtiondly, in the primay
foret transect 75% of dl Quercus
costaricensis individuas were gregter then
10minheight (Figure 3). In contrad, dl Q.
costaricensis in the secondary forest were
lessthan 10 m in height. Furthermore, with
the exception of one emergent tree, the
secondary forest canopy height appeared
leve at gpproximatdy 10 m (Fgure 4).



Gragphic representation of height vs.
digance for primay fores indicated a
geographic trend in growth patterns. Trees
were short and densdy cdustered toward
the bottom of the eastern dope and thin out
toward the ridge (Figure 5). On the
western dope trees were consderably
higher and more evenly spaced (Figure 5).
The height vs. distance grgph for secondary
forest reveded dense duders of rdaively
short trees interpersed with gaps of little to
no growth (Figure 6).

Quercus cogtaricensis was the
dominant species in both primary and
secondary forest but was notably more
dominant in the secondary forest transect
(Figure 7). Ten tree species were
represented in the primary forest transect
while the secondary forest transect
contained eght species. Reaults of
ShannonWeiner analyses reveded greater
species diversty and  higher  gpecies
evenness in the primary forest transect
(Table 2).

The species area curves indicated
that species accumulated more rapidly in
the primary fores then in the secondary
forest. Speciesin both forests accumulated
in an exponentid manner (Figures 8, 9).
The species aea curve for the primary
forest, however, appeared linear(Figure 8),
but this was probably because it did not
begin to levd off within the Sze of areawe
sampled.

Discusson

We observed a number of
differences in forest structure and species
compogtion between the primay and
secondary forest transects.

Numericdly, both transects were
dominated by treesin the smdlest DBH and
height classes. However, the two transects
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differed in that the primary forest contained
severd trees that were very large both in
terms of DBH and height. Such trees were
not present in the secondary fored.
Furthermore, the rdationship between
heignt and DBH indicaed thet the
seconday forex was dominated by
reaivey thin trees. This was expected of
successond forests, where tree competition
for light renders invesment in height more
likdy then invesment in increesing sem
diameter. Conversdy, light may not be as
limiting for established canopy trees in the
primay fores, endbling additiond
investment in sem diameter or buttressing
for grester Sability.

The corrdaion between height and
DBH was much gronger in the primary
fores then in the secondary forest. This
could indicate that growth rates of individua
trees wee highly amilar in the primary
foredt, ether because the trees were of the
same species, or due to amilar growth
patterns between species. In contrag, the
wesker corrdation between heght and
DBH in the secondary forest indicates a
diversty of tree growth rates and patterns.

The difference in dominant DBH
classes between the two transects could be
explaned by differing recruitment patterns.
The smdlest DBH dass in the secondary
forex was not as dominant as the next
largest DBH dlass. This could have been
the result of a period of high recruitment
which mogt likely occurred when the forest
was alowed to regenerate. The presence of
numerous smdl, dead trees in the
secondary transect suggests that seedling
recruitment continualy occurs, but that most
of these sgplings were not able to survivein
the shade of the larger, established trees.

Shade may dso be a barier to
recruitment in the primary forest. However,
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most of the shade is cast by a few very
large canopy trees rather than numerous
gmaller trees as in the secondary transect.
Our data indicated that the secondary forest
gppeared to have a more closed canopy
than the primary area. This however, is
mideading. The trunks of canopy trees in
the primary forest were widdy separated.
There was a didinct canopy over the
primary transect, but the trunks of these
trees were often rooted outsde of the
transect. Smilarly, goparent differences in
the tree height between east and west
dopes of the primay transect ae
mideading due to smdl samplesize

Both transects were dominated by
Quercus cogtaricensis . The domination of
the seconday canopy by gmdl Q.
costaricenss suggests that it will maure
into a forest resembling our primary tract.
The gpecies-area curves for both transects

resemble the theoreticd Species-area
relationship. However, the curves do not
gopear to be gpproaching an asymptote.
Clearly, larger transects are needed to
accurately  characterize  the  gpecies
composition of the forests. The sSze of these
transects cannot be calculated as the total
aress of the forests are not known.

Both evenness and diversty were
geder in the primay forest. This is
contrary to the conventiond view of high
dtitude oak forest dynamics (Maarten
Kapdle, persond communication).
Sanmpling error due to small transects most
likely accounted for these differences.
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Table 1a Maximum, minimum, mean and $andard deviaion of Diameter & Breast Height
(DBH) incm for forests near VillaMills, Cerro delaMuerte, CodaRica

Max. DBH Min.DBH  Mean DBH  Sd. Dev.
Primary forest (n=31) 115.0 25 13.24 21.10
Secondary forest (n=40) 23.9 2.7 8.15 442

1b. Maximum, minimum, mean and sandard deviation of tree height in m for forests near Villa

Mills, Cearro dela Muerte, Cota Rica.

Max. Height Min. Haght Avg. Heght d. Dev.
Primary forest (n=31) 35.0 2.25 897 7.90
Secondary forest (n=40) 12.5 2.0 6.23 2.63
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Table 2. Speciesdiverdty (H') and evenness (J) for forests near VillaMills, Cerro dela
Muerte, CostaRica

H’ H’'max J

Primary forest (n=31) 091 104 0.875
Secondary forest (n=40) 0.559 0.903 0.619
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Figure 1. The number of treesfound in primary forest plotted againgt 6 classes of diameter base
heights. Forest was located near VillaMills, Cerro delaMuerte, CostaRica
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Fgure 2. The number of treesfound in the secondary forest plotted againgt 6 classes of
diameter base heights. Forest was located near VillaMills, Cerro de laMuerte, CostaRica
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Fgure 3. Heght vs. Diameter a Breast Height (DBH) for atransect in primary forest near Villa
Mills, Cerro delaMuerte, CogaRica The curve represents alogarithmic regresson (Height =
-7.0056 + 7.81542 log (DBH) ). Triangular data points represent individuals of Quercus
costaricenss Sguare data points represent individuals of dl other species found.
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Figure4. Height vs. Diameter a Breast Height (DBH) for atransect of secondary forest near
VillaMills, Cerro delaMuerte, CogtaRica. The curve represents alogarithmic regresson

(Height =-0.7378 + 3.55211 log(DBH) ). Triangular data points represent individuas of
Quercus costaricensis. Square data points represent al other species found.
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Figure 8. Number of speciesvs. area (nf) for primary forest near VillaMills, Cerro dela
Muerte, Costa Rica. Curve represents exponential regression. (Species = (0.0235) Ared" ™™,
R?=0.956,n=9)
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Figure 9. Number of speciesvs. area (nf) for secondary forest near VillaMills, Cerro dela
Muerte, CostaRica. Curve represents an exponential regression. (Species = (0.924) Area®*®,
R?=0.897,n=8)
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Effects of leaf age on extra-flora nectar production and ant activity in Acacia collingi
(Mimosacese)

Category: Independent Project
Participants.
Ste Pdo Verde
Key words:

Introduction

Herbivory is a common threst to
plant hedth and plants have responded with
a vaiety of defense drategies One
example of anti-herbivore defense is the
ant-acacia mutudism.  Severd pecies of
Acacia (Mimosacese) ae found in
asociation with ants of the genus
Pseudomyrmex. The ants live in hollow
thorns and feed from extra-flord nectaries
on lesf petioles and protein-rich Bdtian
bodies on the tips of new ledflets (Janzen
19839). The ants commonly clear the
surrounding ground of competing vegetation
and protect the Acacia from mod
athropod herbivores, induding various
beetles and lepidopteran larvae (Janzen
1983a, Cronin 1993).

Lef age may be an important
factor in herbivore attack because
herbivores such as the Ant-Acacia Beetle,
Pelidnota punctulata, have been observed
to preferentidly feed on young leaves
(Janzen 1983b). Young leaves log to
herbivory can be consdered resource sinks
due to log bomess ad unfulfilled
photosynthetic potential.  Consequently, it
should be advantageous for Acaciatreesto
combat young-lesf herbivory.  Acacia
nectaries are located on each leef petiole,
thus it seems possble tha nectar
production could be locdly adjusted to
influence at presence Such a
phenomenon has dready been described in

AthenaT. Dodd; Dr. Christopher Ivey (resource person)

Acacia callingi, extreflord nectaries, herbivore defense nectar production

the  ait-protected legume,  Inga
oerdidiana, which secretes extra-flord
nectar only during the period of lesf
maturation (Koptur 1983). | hypothesized
that extra-flord nectar secretion in Acacia
collingi pardlds this pattern and expected
to observe higher nectar production and ant
activity in young leaves then in old leaves
To tes my predictions, | measured nectar
volume and concentration and calculated
the amount of sugar produced by nectaries
of young and old leaves of A.callingi. To
gauge ant response to nectar availability, the
amount of time spent by ants a extra-flord
nectaries in the two leaf types was dso
observed.

Materids and Methods

This sudy was conducted on 67
November 1998, in seasond dry tropicd
forest a Palo Verde Nationa Park, Costa
Rica (see Hartshorn 1983 for detalled ste
description). Twelve Acacia collingii trees
between two and three meters tal were
chosen near the Pdo Verde fidd dation
road and ardrip. Light-green  ledf
coloration was used as an indication of
youth in sdecting one young and one old
lesf from esch tree Young leaves with
persging Betian bodies were not induded.
Pairs of leaves were chosen on a given tree
such that the number of nectaries per
petiole was condant and this number was
recorded along with rachis length to control
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for their effects on nectar production. Ants
were exduded from the nectaries usng
Tangle-Trap insect-trgpping glue
(Tanglefoot Co., Grand Repids, Michigan)
goplied aound the dem &bove the
nectaries, followed by manua remova of
ants remaining on the leef. Bags of insact
netting enclosed leaves and petioles to
excdude any flying vidtors to the nectaries.
Leaves were removed from the tree
between two and four hours after bagging
to obtain nectar measurements.

Nectar was collected and measured
in 1 pL capillay tubes to 1/32 pL
accurecy. Sugar concentration (% wt/vol)
was measured usng a sugar refractometer
(Modd No. 300010, Sper Scientific Ltd.,
Scottsdde, Arizona). Amount of sugar
(Lg) was caculated as the product of
nectar volume and concentration. Estimates
of sugar concentration were increesngly
variable and possbly unrdiable with minute
nectar volumes, S0 secretions of less than
/16 pL were exduded from al analyses
comparing nectar concentration.

Ant activity was observed in young
and old leaves of ten different trees dong
the road and ardrip.  Activity was
measured as the number of seconds spent
by each at a the extraflord nectaries
duing a five-minute interval.  Nectary
number was held congant for leaves within
atree.

Satigicd andyses were performed
using Jnp 3.2.2 (SAS Inditute, Inc., 1989).
To avaiding inadvertent weighting of plants
with high mean vaues in the andyses, raw
data for nectar and ant varigbles were
trandformed into reative differences (RD)
according to the formula RD = (young -
old) / (young + old). Because of the amdl
sample szes involved, differences between
leef categories were andyzed using a paired

Wilcoxon sgned-rank tests.  In addition,
Pearson corrdation coefficents were
cdculated beaween nectar and ledf
dimengon variables

Reaults

Mean nectar volume, sugar
concentration, amount of sugar, and ant
vigtaion tended to be higher in young
leaves, but these differences were not
gonificant (Table 1). Andyses of the
reldive differences reveded that young
leaves in this sudy had a higher percentage
of the total amount of sugar collected from
eech tree (Table 2). Redive nectar volume
and sugar concentration however, did not
vary sgnificantly between leaf types (Teble
2).

Amount of sugar was not correl ated
with the number of nectaries on the petiole
(r = -0.3148, P = 0.2350) nor with rachis
length (r =-0.2879, P = 0.2957).

Discusson

Contrary to my hypotheses, new
leaves did not produce more or richer
nectar. The evenness of ant activity across
leef caegories dso contradicts my
predictions. Thus, one study’ s observations
that young Acacia leaves experience less
herbivory than old leaves (Kndl & 4.
1998) cannat be explained by the influence
of extraflora nectar secretion on ant
digribution. Ingteed, the discrepancy may
be explaned by the presence of non
renewable Bdtian bodies that are found
only on new leaves. Ancther ant-mutudig,
Cecropia spp, produces renewable food
bodies a higher rates on young leaves than
on old leaves, accounting for increased ant-
defense on young leaves (Louie LaPierre,
pes. comm.). To confirm this for A.
collingi, data would have to be collected



on ant-vigtaion over different availabilities
of Beltian bodies.

The trandformed variables reveded
differences in the amount of sugar releasd
by different-aged leaves. Rddive to the
totd amount of sugar that was measured
from each tree, nectaries on young leaves
secreted more sugar than those on old
leaves. The amount of sugar produced in
eech leaf does not appear to be influenced
by the number of nectaries or on the Sze of
the lesf. Because sugar is an energy-rich
molecule that is produced a a cogt to the
plant, the trees in this study can be sad to
have invested more energy in young leaves
than in old leaves due to the amount of
ugar exuded in their nectar. However,
these differences were not reflected in my
obsarvaions of ant-vistation.  Perhgps
Pseudomyrmex ants respond to nectar
avalabllity and qudity on a whde-plant
basis rather than a branch-by-branch basis.
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Table 1. Meansand standard errors for nectar attributes and ant vigtation to extra-flord
nectaries of Acacia collingi. Nectar samples were collected from twelve treesin Pdo Verde

Nationd Park, Costa Rica, after 2-4 hr of insect excluson.

Young Leaves Old Leaves n P
Nectar Volume (niL) 04636+ 0.1551 0.2656+0.0961 24 0.156%
Percent Sugar Content (wt/vol) 73.8+5.3 640+ 7.8 12 0.563%
Amount Sugar (ng) 440+ 123 24.4+12.3 12 0.469°
Ant vigtation (ant secs’5 min.) 101+ 37 98+ 43 20 0.8755"°
# paired Wilcoxon signed-rank test
® paired T-test

Table2. Mean rdative differences (% RD = (young - old) / (young + old)) between young and
old leaves of Acacia collingi in extra-flord nectar atributes® and ant activity. Sampleswere

collected from twelve treesin Pao Verde Nationd Park, Costa Rica

MeanRD + SE n T P
Nectar Volume 105+ 15.7 12 0.6652" 0.5210
Percent Sugar Content 6.8+ 7.0 6 0.9725° 0.3755
Amount of Sugar in Nectar 56.3 + 6.8 6 8.2747" 0.0004
Ant Vistation Time 176+ 16.6 10 1.0607° 0.3165

# Nectar production measured after 2-4 hrs of exdusion by bagging.

® paired Wilcoxon signed-rank test with n = number of pairs. Only sampleswith volumes

exceeding 0.0625 . wereinduded in comparisons.
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Acacia collingi gze requirementsfor colonization by Pseudomyrmex

Category: Independent Research Project

Paticipants  Margaret Yu and Naamd De Silva

Site Pdo Verde

Key words  Acacia collingi, colonization, Pseudomyrmex
Introduction

Severd gspecies of Acacia trees
have a mutudigic rddionship with
Pseudomyrmex ants. Acacia trees
provide the ants with shdter in its hollow
thorns and food from extraflora nectaries
In addition, the trees produce Bdtian
bodies, which offer a source of amino acids
and lipids (Kricher 1997). In return for
shdter and nutrition, the ants aggressivey
deter herbivory. They have been known to
prune and kill neighboring plants, giving the
Acacia tree adequate amounts of light and
cregling a circle of deared vegetation
around it.

For the Acacia-Pseudomyrmex
mutudism to function, the Acacia tree must
have sufficient ant attractants to support an
ant colony. Its ability to meet the needs of
Pseudomyrmex may be limited by its Sze.
We predicted that Pseudomyrmex requires
aminmum Acacia Szeto colonize the tree,
and we expected to find that the smdler
trees would be uncolonized, wheress larger
Acacia trees would be colonized. Since
ant presence deters herbivory, we aso
predicted that larger trees would exhibit
lower amounts of herbivory.

Methods

The study was conducted a the
Pdo Veade Biologicd Hdd Saion in
Cosa Rica, on November 5-6, 1998.
Acacia collingi was chosen as the study
organism because of its aundance a Pdo

Verde. Acacia collingi ischaracterized by
red thorns yelow Bdtian bodies, and
round, petiolar nectaries clustered in groups
of 1-4. It is colonized most often by
Pseudomyrmex ferruginea, but aso by P.
belti and P. nigrocincta.

The falowing five messurements of
sze were taken for 60 trees (primarily <
15 m tdl) found on the OTS ar drip &
Pdo Verde heght, maximum crown width,
number of maure thomns, number of
nectaries, and number of Bdtian bodies.
The presence o  asence of
Pseudomyrmex colonization, induding the
species, was noted for each tree. For trees
3 15 m tdl, a haght goproximation and
maximum crovn width messurement wes
made; presence of ant colonization, thorns,
nectaries, and Beltian bodies was noted but
not quantified. For dl trees, it was noted
whether the individud was found growing
done or in a congpecific dump. Clumped
individuas were defined as ether growing in
the same drde of deared vegetation with
other trees, or close enough to another A.
collingi that their branches were touching.

To messure herbivory, 20 leaves
per tree were randomly selected and placed
in “high”, “low”, or “nd” hebivory
caegories. Completely intact leaves were
categorized as* no herbivory”, overdl intact
leaves with a few missng or dameged
leeflets  were caegorized a  “low
herbivory”, and leaves with large
noticesbly damaged paiches were
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categorized as “high herbivory”. For amdll
trees with fewer than 20 leaves dl leaves
were caegorized.  The percentage of
leaves in each category was cdculated by
taking the number of leaves in the category
and dividing it by the tota number of leaves
sampled. Herbivory scores were assgned
to each tree by using the formula, H = 2(%
high hebivory) + 1(% low herbivory) +
0(% no herbivory).

All  ddidicd andyses were
performed usng the computer software
JMP 322. (Sdl and Lehman 1996). To
veify tha each messurement was an
indicator of Sze linear corrdaion tedts
were done between heght and each of the
other messurements of tree 9ze (maximum
crown width, number of thorns, number of
nectaries, and number of Beltian bodies).
We found gsrong postive correlations (see
Results) so we used tree height to indicate
tree 9ze for subsequent anadlyses. The data
were separated into two categories based
upon ant presence, and t-tests were done
to compare height. Firg the t-test was
done using dl of the data, to test the null
hypothesis of no height difference between
Acacia trees with and without ants
However, Snce only afew of the individuds
were > 1 m tdl, and dl of them wee
colonized (see Reaults), these few mature
trees could have skewed the mean for the
colonized group, O we repeated the t-test
usng only the data from individuas < 1 m
tdl. We dso noticed a difference in
colonization paiterns between the trees that
were growing individudly or in adump (see
Results), so we repested the t-test usng
data only from individuas found growing in
a conspecific dump.  Next, at-test was
done to determine if there was a Sgnificant
difference between the herbivory scores of
the two groups, to verify that ant presence

reduces hebivory.  Fndly, a linear
correlaion test was run between height and
herbivory scores, which in combination with
the last test, would test the null hypothesis
of no difference in herbivory between large
and smdl trees

Reaults

The mgority of A. collingi were
gnd| trees, which were characterized by
haghtsof < 1 m tal (= 49), maximum
crown widthsof < 1 m (= 51), and few
mature thorns and nectaries (Table 1).
Acacia collingi were found growing in
isolation as wdl as in dumps aound a
parent tree. All trees 3 1.5 mtdl had been
colonized by Pseudomyrmex, and often
grew within a drde of cleared vegetation
that encompassed other trees. Trees<1m
in height that were found growing in adump
were ether colonized or uncolonized,
whereas trees < 1 m found growing in
isolaion were dl uncolonized, dthough
some trees had holes and larvae in therr
thorns. The smdlest colonized individud
was 017 m in heght, and was found
gowing in a dump. The lagest
uncolonized individud was 0.75 min heght,
and was found growing in isoldion. The
colonized individuds were occupied
predominately by P. ferruginea, but P.
belti and P. nigrocincta were adso
observed.

Strong positive linear corrdations
were found between height and each of the
following: maximum crown width, number
of thorns, and number of nectaries (Table
2). No corrdation was found between
height and the number of Bdtian bodies
Ant-colonized trees were Sgnificantly taler
than uncolonized trees (Table 3). This
result was confirmed by the t-tes uang dl
of the data Since there were a few



individuds > 1 m tal 6 = 11) that could
have exaggerated the difference between
the two groups, the t-test was done again
without those individuds (see Methods),
which dill produced a sgnificant difference.
The t-test was repeated once more with
only the individuds growing in a dump
because none of the isolated individuals< 1
m tall were colonized. This seemed to be
because of different minimum tree gze
requirements by Pseudomyrmex if the tree
wasin acdump or not, and we did not want
to compare dumped individuds with
isolated individuds (see Discusson).
Agan, there was dill a sgnificant height
difforence Hebivory was sgnificantly
lower in ant-colonized trees (Table 4), and
had a dgnificatt but week negaive
corrdaion with height (Table 2).

Discusson

Although we found that colonized
A. collingi were tdler than uncolonized A.
collingii, we did not find a minimum height
that was required in order for a tree to
upport an ant colony.  Since height was
drongly corrdated with our other dze
measurements of maximum crown width,
number of thorns, and number of nectaries,
we conduded that we did not find a
minmum gze of A. collingi required by
Pseudomyrmex for colonization. Thus we
can not rgect the null hypothess that
Pseudomyrmex nesd a minmum dze of
Acacia & thistime.

However, the 9ze of an individud
A. collingi may nat be importart if itisina
cdump of trees According to Janzen
(1983), a dngle Pseudomyrmex colony
can colonize dl of the Acacia shootsin one
dump, which may contan up to 30
individuas The ants are thus tregting dl of
the trees in the dump as one individud,
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since dl the trees support only one colony.
This mekes comparing individud trees
problematic Snce some individuas may be
colonized because it is part of acdump, and
the dump'slarge Sze is sufficient to support
the ant colony, wheress by itsdf the
individua tree may not be large enough.
Thus sampling isolaied individuas aong
with individuas growing in adump isnat a
congdent way of messwring A. collingi
sze. Theefore trees growing in a dump
should not be treated as separate
individuas, and the rdlevant data is the totd
dump dze. Meaauring the Sze of a dump
could be difficult, but this could be avoided
by only collecting measurements of isolated
trees. Even though our study focused on
trees < 1 m in heght, Snce none of the
isolated trees were colonized, a dudy
focusng on larger isolaed trees may find a
minimum Szefor colonization.

Although dl the isolated trees were
uncolonized, some had holesin their thorns.
These may have been abandoned attempts
a colonizaion, for living lavee were
sometimes found indde the thorns  If this
were the case, then it could suggest that
those trees were unable to provide for the
colony, possbly due to its inadequate Sze.
Identification of the lavee &s
Pseudomyrmex ad long-term
observationd studies to discover the source
of these holeswould be ussful.

We found that herbivory was lower
on tdler trees, dthough the corrdaion was
rather weak. We hypotheszed tha
herbivory would be lower on tdl trees
because tal trees tended to be colonized
and protected by ants  Although it is
possible that herbivory was lower because
tal trees are physcdly less accessble to
herbivores, this was dready tested by
Janzen, who sprayed Acacia trees with
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pedticides to diminae the ants, and found
that Acacia trees without ants exhibited
gonificantly higher amounts of herbivory
then the Acacia trees with ants (Janzen
1966, cited in Kricher 1997). Thus, based
upon his dudy, this hypothess may be
discaaded in favor of the origind
explanation.

Literature Cited
Janzen, DH. 1966. Coevolution of
mutualism between ants and acacias
in Centrd Ameica  Evolution
20:249-275.

1983.
ferruginea

Pseudomyrmex
(Hormiga od

Cornizudo, Acadia-Ant). Pages
762-764 in D.H. Janzen, editor.
Coga Rican Naurd Higory. The
Univerdty of Chicago Press
Chicago, Illinois, USA.

Kricher, J  1997. A Neotropicd
Companion.  Princeton Universty
Press, Princeton, New Jersey,
USA.

&I, J and A. Lehman. 1996, IMP Start
Saidics aqguide to datigtica and
data andyss usng MP and MP
IN Software.  Duxbury Press,
Wadsworth Publishing Company,
Bdmont, Cdifornia) USA.

Table 1. Size measurements and herbivory scoresfor Acacia collingi, Palo Verde Nationd
Park, CostaRica. Upper limits of number of thorns and number of nectaries were not
quantified. Herbivory scores have apossible range from 0-2 (see Methods for caculaion).

n mnmum  maximum mean median SD
Height 60 0.09m 4m 0.73m 0.35m 098 m
Max. crown width 60 0.06 m 38m 0.53m 0.21m 0.83m
# of thorns 53 0 3 264 255 6 54.8
# of nectaries 53 0 3 461 484 16 89.1
# of Bdtian bodies 56 0 584 48.6 0 113.9
Herbivory score 59 0.5 2 15 15 0.43

Table2. Reaults of linear corrdaion tests of data collected from Acacia callingi at Palo

Verde Nationd Park, Coga Rica

n r P
Height vs Maximum crown width 60 0.9087 <0.0001
Height vs. # of thorns 53 09699 <0.0001
Heght vs. # of nectaries 53 0.8661 < 0.0001
Height vs. # of Betian bodies 56  0.1617 0.2339
Heght vs. Herbivory score 59 -0.3584  0.0053
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Table 3. Reaultsof t-tests comparing tree height of Pseudomyr mex-colonized and uncolonized
Acacia collingi at PaloVerde Nationa Park, CostaRica. Thet-test compared two subsets of
the data in addition to the full data set (see Methods).

n mean height gandard t df. P
(m) error

adl data 60 -4581 58 <0.0001
uncolonized 33 0.2818 0.1469
colonized 27 1.2848 0.1624

haght<1m 49 -2543 47 0.0144
uncolonized 33 0.2818 0.0281
colonized 16 0.4069 0.0404

clumped trees 26 -5255 24 <0.0001
uncolonized 11 0.1864 0.0329
colonized 15 0.4140 0.0282

Table4. Comparison of herbivory leve of Pseudomyr mex-colonized and uncolonized Acacia
collindi a Palo Verde, CosaRica. Up to 20 random leaves were selected and classified as
high, low, or no herbivory (see Methods for criteria and herbivory score caculation). t-test
results comparing overd! herbivory are shown below the table.

Cdonized  Uncolonized

n 26 33
% high herbivory 0.456 0.763
% low herbivory 0.478 0.140
% no herbivory 0.066 0.097
mean herbivory score (H) 1.297 1.667
n=59

t =3.592

P =0.0007
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How plant and insect diversty are affected by Typha dominguensis and Parkinsonia
aculeatain Pao Verde Nationd Park, CostaRica

Category: Independent Project
Participants.
Ste Pdo Verde
Key words:

wetlands

Introduction:

Species divergty is a messure of
the compaosition of a community thet takes
into account species richness (number of
species) and abundance patterns (Begon et
d. 1996). An aea with one dominant
Species and many rare species is expected
to have lower diversty than an area with
many common species (Meffe & Carall.
1997). Consequently, invading dominant
Species can often cause a decrease in loca
diversty (Meffe & Carroll. 1997).

Aquatic plants provide food and
shdter for many aguatic insects.  Certan
insects rely on specific plant goecies and
cannot survive without them (Borror et d.
1989). A change in the compodtion of
plant species would therefore be expected
to afect the insct community. It is
possible that a decrease in plant diversty
within a given area would favor generdist
insects and lead to a decrease in insect
diversty.

Wetlands are an important habitat
in Palo Verde Nationd Park in Cogta Rica
In 1920, intensve catle ranching began in
these marsh areas. In 1977, the wetlandsin
the area were recognized as an important
hebitat for weterfowl and a nationd wildlife
refuge was crested. As a reault, catle
ranching was stopped in the area in 1981.
At that time, two opportunisic Species,
Typha dominguensis and Parkinsonia

Jessica Lynch, Jennifer Havlik, and Serena Black
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aculeata, garted invading the marsh. By
1986 T. dominguensis had essntidly
taken over the marsh, and the coagtd birds
that the refuge was crested to protect no
longe had a aitedble habitat.
Conssguently, government-gpproved cattle
grazing wes initisted in 1987 to stop the
spread of T. dominguensis and increase
bird divergty in the area (Gill. 1988).

We dudied how  Typha
dominguensis and Parkinsonia aculeata
afect plant and insect diversty in the
wetlands of Palo Verde Nationa Park. We
predicted that aress dominated by Typha
dominguensis and Parkinsonia aculeata
would exhibit lower plant and insect
diversity than the open marsh.

Methods:

Typha dominguensis is a species
of cattal that isfound in shalow freshwater
habitats (Heywood 1993). It is not native
to the Pdo Verde region (Eugenio Gonzales
persond communicetion).  Parkinsonia
aculeata is a soiny tree that is dso known
asthe Pdo Verde tree (Gentry 1996). Itis
native to the dry forest of Pdo Verde but
has recently begun encroaching on the
wetlands (Eugenio Gonzaes persond
communication). Both species grow
densdy in the arees where they have
invaded the marsh.



We dudied three 5 x 5 m plots in
the grazed area of the marsh adjacent to the
ardrip a the OTS fidd dation in Pdo
Verde Nationd Pak. We peformed the
sudy November 5 and 6, 1998. We first
surveyed the marsh from the bird tower and
chose three aress for plots based on the
presence  or aisence of  Typha
dominguenss and Parkinsonia aculeata
Mot | was in an open area 30 meters east
of the bird tower and contained neither
goecies.  This area was characterized by
thick mats of plants floating on the surface
of thewater. Plot Il lay 50 meters south of
the bird tower within a pach of T.
dominguensis. Pot Il was 20 meters
southwest of the bird tower in an aea
dominated by P. aculeata. We sudied
plots in the interior of the T. dominguensis
and P. aculeata patches to get an accurate
edimate of diversty in the different habitats

After making the plots we
collected each plat goecies we
encountered. We planned to count the
number of individuds of each plant species
within each plot. However, some species
such a Neptunia natans formed an
interconnected mat over the surface of the
water, and we were unable to didinguish
individud plants from above the water.
Therefore, indead of counting the number
of individuas, we made observations about
the relative abundance and growth petterns
of each of the species in the plot. We
characterized each gecies as “veay
common”, “common”, or “uncommon’
based.

We collected insects for 45 minutes
a each plot. We used aguatic nets to
cgpture the insects and kill jars filled with
60% dcohal solution to dore them until
they could be identified. We collected
insects from just below the surface plant
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layer and sampled from severd randomly
sdlected Sitesin each plot.

We d0 used a waer chemidry
tex kit (LaMotte Limnology Tex Kit
Modd AM-02, Chestertown, Maryland) to
measure dissolved oxygen, pH, nitrate, and
phospheate in samples of water we collected
from each plot.

After we collected dl of our
pecimens from the fidd, we identified plant
and insect morphospecies We dso,
insofar as possble cdculaed the
abundance of each type of insect. We
cdculae insct diverdty (H') usng the
Shannon-Weiner index,

H'= Spin(p)

where p = fractiond abundance of
the ith insect group.

We a0 caculated species evenness (J) to
account for the different number of insect
groups that we found in eech plot using,

J= H'/ Hmax

where Hnax = In(k)  and k= # of
Insect groups.

Reaults

Wefound 11 plant speciesin Plot |,
9 species in Plot 11, and 10 species in Plot
[l (Table1). Indl three plots & lesst half
of the gpecies were unique (they were only
found in one plot), and overd| 73% of the
plant species were only found in one plot
(Table1). Fot | had an even didribution of
Species between the three categories “very
common” (27%), “common” (36%), and
“uncommon” (36%). We dlassfied sx of
nine species (67%) in Plot 1l as*“common’”.
Sx of ten gecies (60%) in Fot 1l were
categorized as “uncommon” (Teble 1).

In Plot | we collected 61 insect
gecimens beonging to 11 different
morphologica groups (Table 2). In Flot |1
we sampled 94 insects from 14 groups, and
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in Plot 111 we collected 97 individuas from
12 groups. The dominant groups in ot |
were Odonata | (green and brown heads)
and Coleopteral. The dominant groupsin
Mot Il were Hemiptera Belosomatidee
(toe-hiters) and Diptera (mosquito lanee).
In Plot 1l the dominant groups were
Odonata (green and brown heads) and
Hemiptera Belostomatidee. (Table 2) The
H' and J vaues for the three areas did not
differ agnificantly (Table 3).

We found no difference in waer
qudlity between the three areas (Table 4).

Discusson

We found no difference in insect
diversty, plant diversty, or water qudity
between the three plots.  Therefore, our
hypotheses were not supported by the deta
that we collected.

We wee undble to ge a
Quantatative measure of plant species
diverdtybecause we did not have the
equipment or expertise needed to count
individuds of many species. We did,
however, observe some quditaive
differences in the rdaive aundance of
plant species between the three plots. The
Parkinsonia aculeata plot had a larger
proportion of uncommon species than ather
of the other two plots. The water in that
area had less surface plant cover than the
other two areas. This may have been due
to the fact that the P. aculeata trees were
monopalizing the avallable aunlight. The P.
aculeata plot was very dealy dominaed
by one plant species, and the rarity of other
gpecies in the plot suggested that some
Species might be exdluded in an area more
densdly populated by P. aculeata.

Ancther interesting finding was thet
eech plot had unique plant species This
uggests tha the inveson of Typha

dominguenss or Parkinsonia aculeata
into the marsh changes the compodtion of
plant species. It is therefore possible that
cdtle grazing in the region is exduding other
gpecies in addition to T. dominguensis
Further research with alarger sample sizeis
needed to determine if the different habitats
do support different plant communities..

We obsarved very little difference
in insect diveraty among the three plots. It
is possble that rainfdl and tides may make
it difficult for aguatic insects to live in one
goecific habitat, and the region may
therefore support only habitat generdids.
Also, many of the insects we collected were
predacious which might be associated with
high mobilty. These insacts might ill be
dependent on plants for shdter but they
would not depend on any particular plant
species for food. Further research needsto
be conducted to determine the extent to
which marsh insects depend on specific
aguatic plants.

Ancther interesting observation was
that we collected more mosguito larvae in
the T. dominguensis habitat than in ather
of the other two plots. This suggests that
maosquitos may prefer to lay ther eggs in
aress dominated by caitalls. It is possble
that the difference was skewed by the scde
of our ssamplesze. Callecting over alonger
period of time and in multiple locations
would be necessary to determine whether
mosquitoes have any preference about
wherethey lay thar eggs.

More ressarch needs to be
performed with plots degper within the
Typha dominguensis and Parkinsonia
aculeata petches in order to determine
how these species dffect the plant and
insect diveraty of the marsh. However, our
results suggest that the nvason of Typha
dominguensis and Parkinsonia aculeata



may affect plant species composition more
than plant soecies diverdty.  Species
compaogtion is an important factor to
consder when looking a species diversty.
Often, the highest overdl plant diversty is
achieved when different hebitats persd at
intermediate levelswithin an area
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Table 1. Wetland plant species and their dbundance in three plots & Palo Verde National Park,
Coda Rica; dominant vegetation of the plotsindicated in parentheses

Pot | Potll Fot Il
(open marsh) (cattals) (Palo Verde trees)

Almistacese

Eohinodorus andrievxii - NOT FOUND NOT FOUND Common
Araceae

Pistia stratiodis Uncommon NOT FOUND NOT FOUND
Cannacese

Canna glauca Uncommon NOT FOUND NOT FOUND
Ceratophyllacese

Ceratophyllum Common NOT FOUND NOT FOUND
muricatun
Convolvulacese

Anissia martinicenss NOT FOUND NOT FOUND Uncommon
Cyperaceae

Cyperus articulatus Uncommon NOT FOUND NOT FOUND

Fimbistylissp. NOT FOUND  Uncommon NOT FOUND

unidentified . NOT FOUND NOT FOUND Uncommon
Fabaceae

Neptunia natans Veay common Common Uncommon

Parkinsonia aculeata NOT FOUND NOT FOUND Very common
Lemnacese

Lemna gibba Very common  Very common Uncommon
Lentibulariacese

Utricularia gibba Uncommon NOT FOUND NOT FOUND
Marantaceae

Thalia gemiculata NOT FOUND Common NOT FOUND
Menyanthacese

Nymphoides indicum Common NOT FOUND Common
Nagjadaceae

Najas guadalupensis NOT FOUND Common NOT FOUND
Nymphacese

Nymphea ampla Common NOT FOUND Common
Poaceae

Brachiaria mollis NOT FOUND NOT FOUND Uncommon

Paspalumsp.. Veay common NOT FOUND NOT FOUND

Penecitum sp. Common Common NOT FOUND

unidentified . NOT FOUND Common NOT FOUND
Sdviniacese

Salvinea mnima NOT FOUND Common NOT FOUND
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Typhaceese
Typha dominguensis NOT FOUND Very common Uncommon

Table2. Aquatic insect groups and their abundance in three marsh plots at Palo Verde
Nationd Park in Cogta Rica; dominant vegetation of the plotsindicated in parentheses

Insect group Mot | Mot Il Mot 111
(open marsh) (catalls) (Palo Verde
trees)
Coleopteral 12 9 6
Coleopterall 0 1 5
Coleopterallll 2 0 0
Coleopteral vV b lavee 0 2 0
ColeopteraDytiscidee b larvae 0 3 5

Coleoptera Dytiscidee b larvae with

antennae 0 1 0
DipteraP mosquito larvae 8 21 0
Ephemeropteralb mayfly larvae 1 0 0
Hemiptera B ostometidae 3 23 19
Hemiptera Gearridee 3 0 1
Hemiptera Naucoridae 3 15 12
Hemiptera Nepidae 1 5 1
Odonatal P black dragonfly nymph 9 1 4
Odonatall b driped dragonfly 0 1 4
nymph

Odonatalll P long abdomen

dragonfly nymph 2 1 3
OdonatalVV b green and brown

dragonfly nymph 7 3 33
OdonataV b damsdfly nymph 0 8 4
TOTALS 61 94 97

Table 3. ShannonWeiner diversty indices and evenness vaues for three marsh plots a Pao
Verde Nationd Park, CostaRica; dominant vegetation of the plotsindicated in parentheses

H H’ max J

Fot! (open marsh) 0.881 104 0.846
Plot Il (catals) 0.920 115 0.803
Plot Il (PdoVerdetrees)  0.877 1.08 0.813
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Table 4. Water qudlity test results for three marsh plots a Pdo Verde Nationd Park, Costa
Rica; dominant vegetation of the plotsindicated in parentheses

Typeof test Plot | Pot Il Plot 111
(open marsh) (cattails) (Palo Verde
trees)
pH test 7 7 7
Phosphates (ppm) <0.2 <0.2 <0.2
Nitrates (ppm) <8.8 <8.8 <8.8

Disolved oxygen (ppm) 1.8 14 1.2
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Comparison of mde and femae behavior in Jacana spinosa

Category: Independent Project
Participants:
Ste Pdo Verde
Keywords:

Introduction

Polyandry is a mding sydem
wherein one femde mates with more thean
one mde (Stephens 1979). One such
organiam that exhibits polyandry is the bird
Jacana spinosa. Each femde J. spinosa
usudly mates with 2-4 maes and these
polyandrous rdaionships last throughout
the breeding season (Jenni 1983). Each
made has a smdl breeding-feeding territory
from which he exdudes adl other males and
eech femde has a supe-teritory
encompassing 1-4 mde territories, which
she defends from al conspecific intruders
(Jenni 1983). We examined whether the
polyandry and territoridity of J. spinosa
cause behaviord differences between maes
and femdes. We hypotheszed that there
would be differences in the amount of time
tha mdes and femdes gpend in three
behaviors. Fird, we hypotheszed tha
femades would spend more time foraging
than maes. Femdes usudly lay successve
clutches of 4 eggs, which can be lad every
7-10 days (Jenni 1983). We believed that
femdes would forage more than mdes for
food because of the physiologicd drain of
devdoping and carying the eggs In
addition, femdes ae 75% heavier than
maes (Jenni 1983) and may need more
food to mantain ther larger body weight.
Second, we hypotheszed that femdes
would soend more time defending territory
than maes because the femae defends her
Super-territory, which comprises severd
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mde taritories from both mdes and
femdes. She therefore has the potentid to
be involved in more defensve interactions
than the mde who defends his smdler
territory only from other maes. Third, we
hypothesized that maes spend more time
gtting in one place because they incubate
the eggs.

Methods and Maerids

From a bird observetion tower
overlooking a mash a Pdo Vede
Nationd Pak in Guanacase Province,
Coga Rica, we observed 18 individuds of
J. spinosa during ther breeding season.
We observed them usng binoculars for Sx
hours, three hours in the morning and three
hours in the afternoon: 4-5pm on 11/5;
7:30-9:30am, 3-5pm on 11/6; and 5:30-
6:30am on 11/7. Each of us observed six
birds for one hour each, for a totd of 18
birds in 18 personthours. The sample was
evenly divided between maes and femdes
Bird sx was daemined by group
consensus according to the bird's dze,
territorid range, and if the bird was seen
mating, it's podtion when mding, we
assumed femdes to be larger birds with
larger ranges, and to be beneeth the mde
when mating. At hourly intevas we
randomly sdected maes and femaes from
the marsh area visble from the observetion
tower. We maked a time interva
corresponding to the duration of one of
sven different behaviors rdating to
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foraging, teritory defense and  gtting.
Behaviors were defined asfollows:
Pecking/Probing: moving besk down to
subgirate or usng besk to penetrate
Substrate
Digging: sorting subgtrate with feet
Squawking: meking noise (cdling) while
interacting with another bird
Digplaying: rasng wings above body
Stting: resing in one place with legs
folded benesth body and
ventra surface of bird touching
subdtrate surface
Mediating: femde flying to bresk up 2
or more maesinteracting
Pecking attack: one bird pecking on
another bird with its besk
The time intervals were 0-1 sec., 1-5 sec.,
5-10 sec., 10-30 sec., 30 sec—1 min,,
2 min.,, 2-3 min., 3-4 min., and 4-5min. If
none of the listed behaviors were exhibited
by the bird (e.g. the bird was standing and
looking around), no behavior was marked.
For each bird the marks for each time
interva were summed for behaviors using
the midpoints of the time intervas for each
summaion. Usng the JMP daidica
andyds program (SAS Inditute Inc. 1996),
t-tests were performed to test differences
between mdes and femaesin the amount of
time spent in each behavior. In addition to
comparing the behaviors liged above, we
combined some of the behaviors to form
the larger behaviord categories of foraging
and territory defense. We defined foraging
as pecking/probing and digging. To test
differences in time spent foraging we added
together the time spent in those two
behaviors Likewise, we defined the
components of teritory defense as
squawking, displaying, mediaing, and
pecking attacks and the time spent in each
of these components were added together.

Results

Our data reved no dSaidicd
difference between maes and femdesin the
amount of time spent foraging or defending
territory (Table 1). There adso was no
difference between maes and femdes in
any sngle behaviord component of either
foraging or teritory defense (i.e no
difference in time spent pecking/probing,
digging, displaying, etc). Thee was
however, a ddidicaly sgnificant difference
in the amount of time each sex et Stting.
Mades spent more time Stting in one place
then femdes.

Discusson

Our data suggest that there is no
difference between males and femdesin the
amount of time they spend foraging or
defending thar teritory. It is possble that
developing eggs do not noticegbly drain the
femde physologicaly because J. spinosa
eggs ae smdl reative to the body weght of
the femde. The average egg weighs 7.99
and the average femde weight is 160.99
(Jenni 1983). Also, it has been suggested
that femaes are more efficient than males a
foraging. Stephens (1979) reports that the
increesad body weight of femdes dlows
them to overturn lily pads to search for
insects, a technique tha the lighter maes
areunableto do.

Our data dso suggest that maes
and femdes pend the same amount of time
defending territories despite differences in
territory Sze and defense respongbility. We
obsarved thet it took time for a female to
notice a mae-mae interaction and to fly the
pat of her teritory where that interaction
was occurring. In some cases, the maes
would cease interacting before the femde
arived. This dday time is a possble



explandion for why the time spent in
defense by maes and femaes does not
differ even though the femde haes the
potentid to be involved in more Stuations of
territorid defense. In addition, maes are
submissve to femdes in sodd Stuations
(Jenni 1983), and as such femdes may be
more €effective teritorid defenders in
interactions wth maes than maes are with
other maes This increased femde defense
efidency may cae femde-mde
interactions to be shorter than mae-mde
interactions, reducing the totd amount of
time that females goend defending.

As expected, mdes spent more
time gtting then femdes Thisis mogt likdy
because they were gtting on ther nedts,
incubating the eggs. Although we did not
observe any nedts, we did observe that
when asngle mae sat repeatedly, he would
return to gt in the same location on the
marsh where he sat previoudy. From this
observaion we can infer tha each mde
was returning to his nest to incubate the
eggs. Thus, from our sudy, it gopears that
polyandry effects a difference in made and
femde J. spinosa behavior only in the
amount of time gpent gtting in one place
and not in the amount of time spent foraging
or defending territory. Because the average
mde : femde ratio in J. spinosa is 2.3.1
(Jenni 1983), it is likdy tha we had
ggnificant overlgp in our sample of femdes
In further dudies, a larger area should be
observed to increase the number of femaes
in the study.

In the course of our observations
we & so noticed that there was no difference
in the amount of time spent grooming,
cdling, or flying by mdes and femdes
(unpublished data). It did appear, however,
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that femadesin our sample mated more than
mades (unpublished data), but this was most
likely due to the fact that there were fewer
femdes than maesin the observation area
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Table 1. Summary of differences between made (n = 9) and femde (n = 9) individuas of Jacana
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spinosa in time spent per behavior in awetland a Palo Verde Nationd Park, Costa Rica

Behavior Mean amount of time(in ~ Meanamount of ime(in~  t df. P
seconds) spent by femaes  seconds) spent by males
in behavior (SD) in behavior (SD)

Foraging* 2104.9 (529.5) 1707.1 (740.8) 13 8 021
Pecking/Probing 2098.2 (528.2) 1698.3 (737.5) 13 8 020
Diggng 6.7 (8.8) 8.7 (17.1) -03 8 080

Territory defense** 42.7 (69.5) 12.9(11.9) 13 8 02
Sguawking 9.4 (12.4) 4.3(4.0) 12 8 026
Digdlaying 30.4 (71.3) 9.4 (10.0) 08 8 039
Mediating 2.8 (7.4) 0.0 (0.0) 11 8 027
Pecking attacks 0.3 0.0

Sitting 0.0 (0.0) 482.8 (660.9) -22 8 004

*Foraging was calculated by summing the time spent pecking/probing and digging per bird.

**Tearitory defense was caculated by summing the time spent squawking, displaying, mediating and

in pecking atacks per bird.
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Introduction

One of the mogt abundant
inhabitants of Palo Verde Nationa Park,
dter the blood-sucking maosquito, s
Lepthemis versiculosa, a lage green
dragonfly thet can be seen flying throughout
theday. Yet despiteits rdative abundance,
few dudies have been conducted on its
feeding and foraging behavior.
Obsarvations from a 1988 study (Curey)
noted that Lepthemis discriminte among
prey items edficdly avoiding boldly
driped insects and bats  Specificaly,
Lepthemis did not pursue Catonephele
mexicana, a smdl, black buttafly with
orange dripes, despite C. mexicana’s
relaively dow flight pattern. However, the
dragonfly was observed chasng and egting
other faster and more eratic flying species
of the order Lepidoptera such as the
brigntly ydlow Eurema dina westwoodi
(Curey 1988). It was hypothesized that this
discrimination between different butterflies
was based on gposemdic coloration
(Curey 1988). However, Curey admitted
that sample 9zes in his gudy were too low
to draw definite conclusons

The purpose of this dudy is to
invedigate the  hypotheszed  prey
preference  of Lepthemis versiculosa.
Two butteflies the Catonephele
mexicana and Eurema dina westwoodi,
are chosen as the differentiating prey items
based on Curey’ s observetions of dragonfly

consumption. Two man quedions ae
asked throughout the sudy : 1) does
Lepthemis exhibit prey preference between
the seemingly pdaable Eurema dina
westwoodi ad the  seemingly
goo=maticdly  colored  Catonephele
mexicana, and 2) isthis selection based on
visud aues such as wing coloration or Sze?
It is hypothesized that Lepthemis exhibitsa
preference for the Eurema butterfly over
the Catonephele and thet the visud cue
dimulaing this preference is based upon
wing coloration and pattern

Methods

Thisstudy was conducted Nov. 5-
Nov. 7 & the Pdo Verde Research Station
in Pao Verde Nationa Park, Guanacaste,
Coda Rica Cdllections and fidd tests
were performed adong the road and argrip
adjacent to the research gation. Usng an
agid ngt on the fird day, twenty-one
Catonephele ad five Eurema butterflies
were caught, killed, and pinned open.
Body and wing length measurements were
meade to the nearest tenth of a centimeter.

Four different tests were performed
throughout day two and during the morning
of day three (see below). A potentid prey
item (heresfter refarred to as a Simulus)
was suspended from a 1.65 meter dick
with dentd floss gpproximately 1 meter in
length.  Movement was dmulaed by
avinging the gdick dowly while waking



76

through the tex area.  The gimuli were
caried throughout the test area with one
trid beng defined as ay Lepthemis
repponse to the simuli. Stimuli were
presented to flying and perched Lepthemis
with the simuli being sivung in front of the
tes individud & lesst 9x and up to ten
times before a response was recorded.

Three different types of responses
were messured during eech test : “no
responss’, “ingpection”, and “hit”. A “no
responsg”  was recorded when the
Lepthemis being tested ignored or did not
approach the simuli. An “ingpection” was
recorded when the dragonfly being tested
flew up to the dimuli and briefly hovered in
front of the presented stimuli without biting
it. A “hit"” was recorded when the
Lepthemis took the simuli into its mouth
and atempted to consumeit.

Test 1 - Prey preference tedt : To test for
Lepthemis prey preference,  winged
Eurema and Catonephele were presented
sparady as gimuli.  Twenty-three trids
were conducted with the winged Eurema
gimuli, twenty-one trids with the winged
Catonephele dimuli.  Wild dragonflies
were used as random test subjects with the
samne butterfly repestedly being used as
gimuli until it was severdy damaged by
dragonfly  hits All the tids with
Catonephele simuli were conducted first
before the trids with Eurema simuli were
conducted. The same procedure was
employed with dl the other tests

Tedt 2 - Wing Patern/Coloration test A:
To tedt the importance of wing coloraion
on Lepthemis prey preference, wings of
both Eurema and Catonephele were
removed with scissors and the bodies used
a dimuli. Twenty-two trids were
conducted with the wingless Eurema

gimuli, twenty-five trids with the wingless
Catonephele dimui.

Tedt 3 - Wing Patern/Coloration test B:
To further tet the importance of wings as
cues in disrimingtion, wings of both
Eurema and Catonephele were agan
removed usng soissors.  Eurema wings
were then attached onto dewinged
Catonephele bodies usng white glue and
dried under a lamp. Likewisg,
Catonephele wings were atached to
Eurema bodies usng the same technique.
Twenty trids were conducted with adtered
Eurema dimuli, twenty-one trids with
atered Catonephele simuli.

Test 4 - Control test: To test whether the
glue affected Lepthemis prey preference,
amdl amounts of white glue were placed
upon the winged bodies of Eurema and
Catonephele. Thegluewasdlowed to dry
under alamp before the glued Eurema and
gued Catonephele were used as dimuli in
Sseparate tests. Ten trids were conducted
with the glued Eurema, fourteen trids were
conducted with the glued Catonephele.

Once the tests were completed,
Wilcoxon non-parametric tests were run to
test for sgnificant differences between mean
Eurema and Catonephele body and wing
lengths To deemine if Sgnificant
differences exiged between Lepthemis
responses to Eurema and Catonephele, a
chi-squared andlyss was performed on the
reults of tex 1. To tex for sgnificant
differences in Lepthemis responses to
different wing paternscoloraion, eght
separate  chi-squared  andyses  were
performed on the data collected from tests
1 through 3. “No responsg” vaues were
exduded from these nine andyses due to
the ambiguous naure of the category. A
“no responsg’ could be the result of a
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of it ignoring the gimuli. A separae chi-
suared analyss was performed to test for
dgnificat  differences  between  the
frequencies of “no responsg” and “hit plus
ingoection” in tets 1 through 3. In
addition, two chi-squared andyses were
performed usng data collected from test 4
to determine whether a Sgnificant difference
exised between Lepthemis responses to
butterflies with glue and to butterflies
without.  “No responsg’ vdues were
induded in the tests because sample szes
were judged too low to dlow excluson
from thetests (n < 15).

Reaults

The Eurema butterflies used in this
sudy hed ggnificantly grester body and
wing lengths then the Catonephele
butterflies (Table 1). However, only 5
Eurema were measured in comparison with
15 Catonephele due to alow catch count
of the former during collection.

Lepthemis “hit” responses to
winged Eurema were sgnificantly higher
than “hit” regponses to  winged
Catonephele  Convearsdy, “ingpection”
regponses to Eurema were sgnificantly
lower than “ingpection” responses to
winged  Caonegphde  (Table  2).
Additiondly, Eurema “hits’ were
noticeably stronger and lasted for a longer
duration of time (pers. obv.). Dragonflies
usudly released the Catonephel e oncethey
hed bitten the Simulus (pers. obv.).

No dgnificat difference  was
observed between Lepthemis responsesto
wingless Eurema and Catonephele (Table
3). However, responses differed
sgnificantly between winged and wingless
Eurema (Table 4) as wdl as winged and
wingless Catonephele (Table 5).
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A donficat difference  was
obsarved in Lepthemis response between
norma and “dtered” Eurema (Table 6),
normd and “dtered” Catonephele (Table
7), and “dtered” Eurema and “dtered”
Catonephele (Table 8).  Additiondly,
“hts’ on “dtered” Catonephele were
generdly very srong (pers. obv.). Intwo
cases, the “dtered” Catonephele were
carried avay from by the dragonfly.

No dggnificat difference  weas
observed between Lepthemis responsesto
normd Eurema and Eurema with glue
(Table 9) nor beween normd
Catonephele and Catonephele with glue
(Table 10).

No dgnificat difference  was
exhibited between Lepthemis response
between norma Eurema and dtered
Catonephele (Table 11) or between
normd Catonephele and dtered Eurema
(Table12).

No dggnificat difference exiged
between the frequencies of “no responses’
and “hit + ingpection” among tests 1 - 3
(Table 13). Percentages of “no response’
ranged from 29% to 44% among the three
tedts.

Discussion

Daa from this sudy indicate thet
Lepthemis versiculosa exhibits preference
for Eurema dina westwoodi over
Catonephele mexicana and tha this
preference is based upon visud cues rdated
to differences in wing paitern and color.
Reaults additiondly indicate that the
presence of white glue on the butterflies
does not affect the preference sdlection of
Lepthemis.

Evidence of Lepthemis prey
preference is based upon the obsarvetion
that Eurema butterflies recaeived a higher
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number and gregter intengty of hits over
Catonephele Evidence tha this
preference is  based  upon  wing
coloration/pattern comes  from  the
observetion that this preference could be
diminated through wing removd. Without
the wings present, Lepthemis gpparently
cannot diginguish between the two species
of butterflies, as evidenced by the Smilar
response pattern to both types of bodies
Addtiondly, Eurema butterflies were not
recognized as such by Lepthemis when
Eurema were “digguised” by Catonephele
wings, and likewise with the Catonephele
with Eurema wings. Ingtead, response
petterns indicate that Lepthemis treated
dtered Eurema as normd Catonephele
and dtered Catonephele as regula
Eurema. These reaults srongly indicate
that Lepthemis use wing coloraion and
pettern as ther primary bass for prey
choice.

Daa collected in this sudy may
adso support Curey's (1988) hypothess
that the driped pettern on Catonephele
mexicana represents gposematic
coloration, as dl dimuli with Catonephele
wing pattern and coloration were congantly
hit less while being ingpected more
frequently by Lepthemis versiculosa.
However, this obsarvation may be the
result of body Sze indead of wing pattern
and coloration (see below).

One man issule remans
unaddressed by this study and thet is the
sonificant differences that occur between
Eurema and Catonephele wing and body
Sgze. Because these two factors were not
controlled in this sudy, it is posshle that
these trats ae the cues involved in
Lepthemis prey preference ingtead of wing
pattern or coloration.  Lepthemis may
prefer Eurema over Catonephele because

enagy rewad from the larger butterfly
would be higher. However, results from
tes 2 provide evidence againg the body
dze dternate hypothess and obsarvations
on the naturd behavior of the two butterflies
provide some evidence againg thewing Sze
hypothess.

Although the Eurema body is
gonificantly larger in sze, Lepthemis did
not exhibit a preference for Eurema bodies
over Catonephele bodies, indicating that
the dragonfly did not disinguish between
body szes. In fact, “hit” regponses on
Catonephele bodies were twice the
number of “hit” responses on Eurema
bodies, further discrediting the body sze
dtenae hypothess.  Additiondly, the
highly erdic and fag flight of Eurema
(pers. obv.) casts doubt upon whether or
not Lepthemis would obtain a higher net
gan of enagy rewad from the lager
butterfly.  Cgpturing Eurema butterflies
with an aerid net was Sgnificantly harder
than cgoturing Catonephele butterflies
(pers. comm.). It seems likey tha
Lepthemis would dso experience such
difficulty based upon this anecdotd
evidence. Although wing sze would make
Eurema appear larger to Lepthemis, the
dragonfly would have to expend more
energy in pursuing the Eurema.  Thus the
wing dze hypothess can be cdled into
quegtion, athough future studies should be
conducted on the question of wing sze and
Lepthemis prey preference.

This dudy reveds an intereding
part of Lepthemis behavior and dso raises
some interesting questions for further studly.
For example, does Lepthemis versiculosa
exhibit prey preference with dl types of
insects, or only within the order
Lepidoptera? Do other physcd
charatteridics influence Lepthemis prey
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preference? Is Catonephele mexicana

truly unpaaable and does its wing pattern Literature Cited

and coloraion deter other posshble Curey, David. 1988. Fishingfor Daners:
predators? More investigation is needed to Cues Used in Dragonfly Prey Choice.
answer these questions. OTS Tropicd Biology 88-3.

Table 1. Wing and body length averages of sampled Eurema and Catonephele butterflies

Eurema Caton. Z-Vdue P-Vdue S

Avg. Body Length (cm)
+ 1 Standard Deviation 216+ 0.152 158+ 0.045 2517 00118 5

Avg. Wing Length (cm)
+ 1 Standard Devigtion 158+ 0137 111 + 0.113 3.317 0.009 0

Table2. Frequency of Lepthemisresponses to winged Eurema and Catonephele

Winged Eurema Winged
Catonephele
Hit 10 4 X =7036 " - “No response”
Inspection 3 1 P-vaue = .008" values not
DF=1 indudedin
No Response 10 6 cdculaions

Table 3. Frequency of Lepthemis responses to winglessEurema and Catonephele

Wingless Wingless Catonephele

Eurema
Hit 5 10 X* = 1.660 " -“No
resporse”’
Ingpection 8 6 P-vdue=.1976 values not
DF=1 indudedin
No Response 9 9 caculations
Table 4. Frequency of Lepthemis responses to winged and wingless Eurema
Winged Eurema  Wingless Eurema
Hit 10 5 X=3939 -“No response’
Inspection 3 8 P-vaue=.0472 values not
DF=1 indudedin

No Response 10 8 cdculations
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Table5. Frequency of Lepthemisresponses to winged and wingless Catonephele

Winged Catonephele  Wingless Catonephele

Hit 4 10 X?=4014 " -“No
response”
Ingpection 11 6  Pvadue=.0451"  vauesnot
DF=1 induded in
No Response 9 9 cdculations

Tade6. Frequency of Lepthemisresponses to winged Eurema and Eurema body with
Catonephele wings glued on

Winged Eurema  Altered Eurema

Hit 10 4 X2 =631 " -“No
response’
Inspection 3 10 P-vaue = .012° values not
DF=1 includedin
No Response 10 8 cdculaions

Table 7. Frequency of Lepthemisresponses to winged Catonephel e and Catonephel ebody
with Eurema wings glued on.

Winged Catonephele  Altered Catonephele

Hit 4 11 X°= 7 -“No response
7813
Inspection 11 3 P-vdue=.0052  vauesnot
DF=1 induded in
No Response 6 7 caculations

Table 8. Frequency of Lepthemisresponses to Eurema body with Catonephele wingsglued
on body and Catonephel e body with Eurema wings glued on

Altered Eurema Altered
Catonephele
Hit 4 11 X°=7036 "-“No
response”’
Inspection 10 3 P-value = .008' values not
DF=1 includedin

No Response 8 7 calcudions
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Table 9. Frequency of Lepthemis responses to winged Eurema and winged Eurema with glue
on body

Winged Eurema  Eurema w/ glue

Hit 10 5 X*=.138

Ingpection 3 1 P-vaue = .9332
DF=1

No Response 10 4

Table 10. Frequency of Lepthemisresponses to winged Catonephele and winged
Catonephel e with glue on body

Winged Catonephele.  Catonephele w/ glue

Hit 4 4 X = 1.066
Ingpection 11 8 P-vaue = .587

DF=1
No Response 6 2

Table 11. Frequency of Lepthemis responses to winged Eurema and Catonephel e body with
Eurema wings glued on

Winged Eurema Altered Catonephele

Hit 10 11 X =011 "-“No
response”’
Ingpection 3 3 P-vdue = 918 values not
DF=1 includedin
No Response 10 7 caculations

Table 12. Frequency of Lepthemis responses to winged Catonephel e and Eurema body with
Catonephele wings glued on

Winged Catonephele  Altered Eurema

Hit 4 4 X*=.013  -“Noresponse’

Ingpection 11 10  P-vaue=.9087 values not
DF=1 indudedin

No Response 6 8 cdculations

Table 13 “No responsg’ and “hit + inspection” frequencies of Lepthemis responses for tests
1-3. (Caton. = Catonephele)
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Test 1 Test 2 Test 3
Eurema Caton. Eurema Caton. Eurema Caton. X2 = 2564

No resp. 10 6 9 9 8 7 P-vaue > .05
Hit + Insp. 13 15 13 16 12 14 DF=5
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The bregkdown of tristyly in Eichhornia crassipes

Category: Independent Project
Paticipants.  Sophia Kuo and Brita Dempsey
Site Pdo Verde
Keywords.  Eichhornia crassipes, sdf-comptihbility, tristyly
Haku neck deep in the marsh
mommy told meto $ay home

ginging bugs bite me

Introduction of the same height (Charlesworth, 1979).

Many plants ae hermagphroditic,
having both mde and femde pats To
prevent sdf-fertilization and inbreeding,
many plants have evolved outbresding
mechanigms Tridyly is a maing sygemin
which inbreeding is prevented by srong
incompdtibility reactions between sex
organs podtioned a different heights. In a
tristylous flower, two whorls of anthers and
one whorl of sigma occur a three different
haghts dhot, mid-length, and long
(Charlesworth, 1979). There ae three
trigylous forms, eech named dfter the
podtion of the digmatic whorl within the
flower. For example, in the short-gyled
form, the digma is pogtioned below one
micklength (m) and one long (I) anther
whorl. The digma in the mid-gyled fromis
positioned between a short €) and along
anther whorl. In the long form, the sigmais
positioned above both the s and m anthers.
Syle length of mid-length forms vay
gregtly. An extreme case in which the
digma is located adjacent to the | anther
occasondly occurs. This is referred to as
sami-homostyly (Barrett, 1983). The three
flood morphs often occur in equd
proportions (Barrett, 1983).

Each trigtylous flower can only be
pallinated by pallen coming from an anther

Therefore, a short morph would need to
receive pollen from the santher of ancther
plant. In normd tristylous plants, inbreeding
is prevented by drong incompatibility
reactions between pollen and gigma from
differing whorl heights Trimorphy in pollen
szes from different anther heights contribute
to the incompatibility between sex organs of
the same whorl height.

Eichhornia crassipesisatrigtylous
plant from the lowland tropics of South
America. A lack of suitable places for seed
gemination and ingffident pollingtion
promaotes extengve vegetdive
reproduction, which maintains trimorphy in
introduced populations of  the Species
(Barrett, 1979). In sexudly reproducng
populations, week incompetibility reactions
and very little pollen trimorphisn make E.
crassipes highly Hf-compatible.
Additiondly, mid-gyle forms have a
morphology that srongly promotes sdf-
fertilizetion. Discrepandes in sHfing rates
between different trimorphic forms favor the
cregtion of monomorphic mid-gyle form
populations (Barrett, 1979).

In the Guanacaste region of Coda
Rica, a pronounced dry season lowers
wetland wae  levds — dedroying
populations of reproducing plants through
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dessication. This reduction in water depth
provides E. crassipes seeds with an
opportunity to germinae, dlowing a
sexudly reproducing populaion of the plant
to perdst. In 1979, Spencer Barrett
documented the breskdown of the tristylous
sysem in thre population of Eichhornia
crasspes a Pdo Verde Research Station
in Costa Rica. In contrast to the expected
equd numbers of short, mid-length, and
long forms, Barrett found the composition
of tristylous forms to be 80.2% mid-length
forms and 19.8% long stylous forms. No
short length forms were seen. Four percent
of the mid-dyle plants he examined were
smi-homodylous  The E. crassipes a
Palo Verde appeared to be evolving from a
trisylous sysem towards a monomorphic
population of mid-length forms, possbly in
response to poor pollinator efficiency in the
area.

If the population of Eichhornia
crassipes a Pdo Verde was evolving avay
from textbook trigyly in response to
ineffident pollination, the sysem <should
continue to lose its long-gyle forms and
recauit more mid-gyle forms We
hypothesized tha the percentage of mid-
dyle forms in the populaion would be
higher in 1998 than it was in 1975, & the
time of Baret's sampling.  Additiondly, if
the plants were moving towad an
autogamous population, the morphology of
the flowers should have changed to reflect
the trandtion from cross pollingtion to
increesed  sdf-pallination. Didances
between digma and anthers should have
decreased in order to promote pollen
exchange within flowers. We hypothesized
that during the 23 years snce Bardt's
sampling, the anther-gigma digance hed
decreased, and the frequency of semi-
homostylous plants had increased.

Methods

The experiment was performed at
Pdo Verde Research Station in Cogta Rica
on November 5" and 6", 1998.

One flower was taken from each accessible
inflorescence of Eichhornia crassipes ina
100 n? area surrounding the bird tower.

The trigylous form of the flower, dther
mid-gyle or long-style, was recorded. The
digance (in mm) between the sigma and
the dosest anther was measured using
cdipers. The following day, the composition
of tristylous forms in a 10n¥ strip adjacent
to the airstrip a Palo Verde was recorded.
Sami-homogtylous flowers were defined as
flowers in which the distance between the
mid-length stigma and dosest long anther

was egqud to or less than 0.5mm.

X2 tests were run to determine
whether the compogtion of morphologicd
types in the 1998 populaion differed
ggnificatly from those from 1979,
Soedificdly, the frequendes of mid-gyle
and long-gyle formsin the two experiments
were compared, usng percent vaues from
Barett's 1979 experiment to cdculate the
expected vaues for our study. A X° test
was aso run to compare the frequencies of
sami-honogylous plats in the two
samples.

Reaults

Of our sample Sze of 242 flowers
215 (88.8 %) were mid-gyleformsand 27
(11.2 %) were long-gyle. No short forms
were found. A comparison of our vaues
with that of Spencer Baret's 1975
expeiment (n = 1272, 1020 mid-gyle
forms and 252 long-gyle forms) indicated a
ggnificant difference between the two
populations ()¢ = 11.16, df = 1, P <
0.001).



The average distance between the
digma and the nearest | anther for mid-gtyle
and longgyle forms were 2.83 mm and
844 mm, regpectivdy. In comparison,
Barett's vdues, 4.5 mm and 104 mm, for
mid-gyle and long-style respectively, were
1.7 mm (37.8 %) and 20 mm (19.2 %)
higher. Because Bareit's data set is not
avalable, we were unable to perform a
more rigorous ddidicd andyss  The
megnitude of the percent differences
uggest that the vaues are Sgnificant.

Of the 139 mid-gyle plants whose
digma-anther distance we measured, 7
(5.03 %) were semi-homodylous, in
comparison to Barrett's 41 of 1020 (4 %).
A comparison of our Sigma-anther distiance
vadues with tha of Baret's 1975
expeiment  indicsted no  ggnificant
difference between the two populations (X2
=.0389,df =1, P>0.1).

Discusson

Spencer Barrett was correct when
he hypotheszed that the population of
Eichhornia crasspes a Pado Verde
Research Station was making the trangtion
from an outcrossng to an inbreeding
population. Our datashowed thet trigtyly in
the Eichhornia crasspes population of
Pado Verde Research Stationis continuing
to bresk down in the direction of an
autogamous populaion.  This is not
aurprisng.  In gtuations were efficent
pollinators are lacking, sdection favors
individuds thet have the ability to <df
fertilize. The trandtion from outcrossing to
inbreeding of the Palo Verde population is
an example of evolution in action;
Eichhornia crasspes is responding to
sdection pressures to increase pollination
by teking advantege of a drong Hf-
compatibility. It ispossble thet in reponse
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to poor pollinator service, the populetion is
moving towards complete autogamy. In
this case, over a great period of time, all
plants would become semi-homostylous.
This scenario would be an extreme case
The <hift towad a highe
concentretion of mid-syle morphs in the
population is mogt likely due to advantages
rlated to the morph's flord morphology
and physology. Mid-gyle forms ae
epecidly wel adapted for autogamous
reproduction. Eichhornia crassipes
flowers sdf when they wither. As the
flower wilts, the | anthers are pushed into
the digma  Long-style forms are precluded
from <dfing because thar gigmes are
located well above their anthers. As the
flower withers, the | anthers are pushed
down away from the tigma. The mid-form
is better suited to df; ance the | anthers
are pogtioned directly above the igmaand
the likdihood thet they will drop into the
digma is high (Barett, 1979). Semi-
homastylous plants should have the highest
«dfing raes of dl. For sdfing flowers the
pogtioning of anthersand gigmaisasrong
indicator of reproductive success. Barrett
(1979) showed that flowers recelving the
mog pdlen grans were mid-dyle forms
with a vey smdl digance (-4 mm)
separaing anthers and gigma. Mid-gyle
flowers whose distance between sex organs
was intermediate (4-8 mm) recaived fewer
pollen grains, but gill received more pollen
then long-dyled plants  Mid-gyle forms
dso have a drong ability to produce
autogamous seed sets. Hand pollinated
autogamy in mid-foms having digma
anther digances between 0-4 mm
produced 66.9 % capsule st (Barett,
1979) In comparison, long style produced
only 05 % cagpaule s#t. Mid-gyle forms
conggently had a seed productivity than
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long-style forms (Barett, 1979) The
average seed =t per flower with a igma-
anther digance of 0-4 mm was 485 %,
compared with 4.0 % for flowers with long
dyle fooms  Even in sexudly reproducing
populations, mid-gyle forms ae a an
advantage.  Insects collecting pollen are
more likdy to pallinate the digma if it is
located close to the anthers (Barrett, 1979).

Our comparison of the frequency of
smi-homogdyly of the 1975 and 1998
populations may not demondrate a high
levd of accuracy. We conddered any
flower with an anther-gigma separation of
less than 0.5 mm to be semi-homostylous.
The literature is not dear as to how semi-
homosyly was defined by Barett. If
Barett defines semi-homogtylous flowers
as one in which there is no digance
between the stigma and the nearest | anther,
then the frequendies of semi-homostylous
plants in the 1998 sample are too high. In
this cas the frequency of semi-
homostylous plants would have dropped
between 1979 and 1998. If Barett
conddered semi-homogtylous plants to be
flowers in which he distance between the
digma and nearest anther is less than or
equd to 2 mm, than 36.7 % of our
populdion is sami-homostylous, and our
reported frequency of semi-homogtylous
plantsisfar too low.

To better represent the population
of Eichhornia crasspes a Pao Verde,
future experiments should sample flowers
from alarger aea. Our sample populaions
were locaed close together in a sndl
corner of the swamp, making our vaues
less representative of the population as a
whole. Additiondly, Eichhornia crasspes
can reproduce asxudly, making it likdy
that many of the individuds we sampled
wereclones. Thiscould affect the accuracy

of our data if severd of the flowrs we
sanpled came from the same genetic
individud. Additiondly, it might dso be
reveding to compare the pollen load on the
different morphs to examine pollinaion
rates for each form.

In summary, in 1979, Spencer
Barett documented the breskdown of
tridyly in the population of Eichhornia
crasspes & Pdo Verde Biologicd Station
in Guanecaste, Codta Rica. Barrett found
80.2 % of the plants to be mid-gylous, the
remaining 19.2 % of the populaion showed
the long-style morphology. Mean distances
between sigma and nearest anther for mid-
dyle ad longgyle mophs were
determined to be 4.5mm and 10.4mm,
repectivdy. We duplicated parts of
Barett's experiment on a smdl scde to
determine  whether the breskdown of
trigtyly in the population had continued. A
sample Sze of 242 flowers yidded 83.8 %
mid-gyle forms, and 11.2 % long Syled
forms. A comparison between mid-gyle
and long gyle frequencies between the
1979 and 1998 samples showed that the
two populations were sgnificantly different
(X* = 1146, df = 1, P < 0.001). The
mean sigma-anther digances for mid-syle
and long-gtyle forms were 1.7 mm and 2.0
mm, 37.8 % and 19.2 % lower than in
1979, respectivdly.  Semi-homogdtylous
plantsincreased in frequency from 4.0 %to
503 %, from 1979 to 1998. The
populaion of Eichhornia crasspesat Pado
Verde is progressng from a outbreeding,
dimorphic population toward an inbreeding,
monomarphic  population of  mid-length
fooms Sdection for autogamy is most
likdy due to ineffident pallingtion in
introduced populations.
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Introduction

Mutudism between plants and
animds is an intriguing example of
coevolution. One of the best dudied
examples of this type of mutudism is the
relationship between severd species of ants
and their hog,, the acaciatree. An acacia of
height gregter than 1 m is sddom found
without a least one ant species residing in
the shap, hollow thorns that cover the
trees trunk and branches. The tree
provides the ants with an excdlent source
of nourishment with its nectaries and Bdtian
bodies, and in return the ants defend these
food sources and in the process protect the
acacia from athropod herbivores.  This
relationship enables the tree to reduce its
codly lossof lesf biomassto herbivory.

Four species of acacia-colonizing
ats ae common in Coda Rica
Pseudomyrmex ferruginea (rust-colored),
P. belti (lage black-colored), P.
nigrocinta (yelow-colored), and P.
crematogaster  (smdl, black-colored).
The Pseudomyrmex ants defend the tree
agang herbivores, but the Crematogaster
ants are not involved in active defense
(Janzen 1983). Although an acaciais well-
defended by its symbictic ants, thisisnot to
say thet the tree is free from herbivory. In
many cases, acadias with resdent ants will
il suffer heavy losses to herbivores. Also,
the amount of lesf herbivory may vay
widdy among individudsin the same area

These observaions lead to some
obvious quedions What factors could
account for this wide varigtion? Are some
ant species superior to others as defenders
of acacias? Are leaves of a certain age
defended more vigoroudy than others?
Does lesf herbivory, or defense agand it,
vay with habitat? These are the questions
which we undertook to investigete with this
study. Based upon Janzen' s descriptions of
the ant pecies, we hypothesized that lesf
herbivory would vary with colonizing ant
species We adso predicted that older
leaves would suffer heavier herbivory losses
than younger leaves due to loss of Bdtian
bodies as leaves age, and thet the herbivory
levd of acacias would vay dgnificantly
between habitats due to varying species
diversty and totd production in different
forests.

Methods

Our study was conducted a OTS's
Pdo Vede Biologicd Resarve in Pdo
Verde Nationd Pak in the Guanacaste
province of Costa Rica We chose the
species Acacia collingi because it is the
most abundant of the acacia speciesfound
in Pdo Verde. This species favors light
gaps and relativdy wet soils. Weinitidly
visted a primary forest and did not observe
any acacia species in this area Therefore,
we chose to use secondary forest as our
habitat of dudy, and sdected 3
representative type of secondary forest :



abandoned pasture (3-4 years sSnce
abandonment), 8-10 year-old secondary
forest on both sides of the access road, and
30 year-old secondary forest behind the
Pao Verde campground. On November 4
and 5, we visted each of the 3 dtes and
observed 40 trees at each Ste. On each
individua tree we recorded percent
herbivory data for 10 young leaves and 10
older leaves. Younger leaves are easy to
didinguish because of ther characteridic
lighter green color and their usud location &
the ends of branches. We estimated the
percentage of lesfletslost or destroyed on a
lesf compared to the gpproximate totd
number of lesflets that would be present on
an undameged lesf.  In this way, we were
able to dasdfy leaves according to specific
ranges of herbivory : 0, 0-10 %, 10-25 %,
25-50 %, 50-75 %, and 75100 %. In
addition, we recorded the species of ant
which was present on each tree and took
note of whether there were other colling in
close proximity.

We used a 2-function ANOVA test
to see whether aggnificant difference in lesf
herbivory existed between the young and
old leaves we sampled. This was done to
account for the fact that we used paired
samples of young and old leaves from each
tree rather than sampling al our leaves a
random. We dso used a 2-function
ANOVA test to see whether the species of
ant found on the tree sgnificantly affected
the levd of leef hebivory. The Tukey-
Kramer Test of Multiple Comparisons was
used to compae the 3 hdbitas
dmultaneoudy with respect to ledf
herbivory.

Reaults
Our results showed that a sgnificant
difforence exided between the ledf
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herbivory of the young and old leaves we
sampled, both overdl E-ratio = 136.50)
and within each habitat (F-ratio = 35.04 for
abandoned pasture, F-ratio = 88.03 for
early secondary forest, and F-ratio = 20.82
for older secondary fores) The 2-way
ANOVA test produced a P-vdueof P <
0.0001. The mean leaf herbivory
percentages for each habitat areindicated in
Table 1.

The TukeyKramer Test of
Multiple Comparisons showed that a
gonificat  difference in leaf herbivory
exiged between the early secondary and
older secondary forests (q = 7.188, g =
235 P <005 and ds between the
older secondary forest and the abandoned
pasiure that we investigated (q = 5.669, o
=235, P < 0.05). However, our daa
showed that there was no dggnificant
difference in lesf herbivory between the
abandoned pasture and early secondary
forest (9= 0.756, g = 2.35, P> 0.05).

All four potentid ant species were
obsarved protecting acecias . The 2-
function ANOVA test revedled that the ant
species present on the tree did not
ggnificantly affect the treg's leef herbivory
percentage P = 0.5763). Excluding data
for pecies obsarved less than 3 times and
for trees with multiple species did not dter
thisfinding (P = 0.5755).

Discusson

Our rexults confirmed  our
prediction thet lesf herbivory is Sgnificantly
higher for older acada leaves than for
younger leaves. There are severd possible
explandions for this trend. Older leaves
have been exposed to herbivores longer
than younger leaves. If herbivores continue
to feed on leaves as they age then older
leaves will have expeienced more
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herbivory than younger leaves a a given
time. Younger leaves may dso be more
vigoroudy defended by ants because young
leaves produce nore nectar than old leaves
(Dodd, this volume). Smilarly, ants may
preferentiadly defend young leaves because
Bdtian bodies which ae an important
protein source for ants, are produced at the
tips of ledflets when the leaves ae in very
ealy devdopment (Torres, et d 1977).
Thus older leaves, which have log a
subdantid number of Bdtian bodies may
be les dtractive to ants A find
hypothess, for which we have no concrete
evidence, is that younger leaves may be
more distagteful or less nutritious than older
leaves, thus decreasing their dedrability to
herbivores,

The results of the TukeyKramer
Tet reveded that overdl, there were
dgnificat  differences in leaf  herbivory
between the three habitat types we
investigated.  Ealy successond forest
dowed the most leaf hebivory, while
abandoned pasture showed less herbivory
but not to a dgnificant degree and older
secondary fores had  dgnificantly less
herbivory than the other two habitats. The
lower biomass and totd productivity of the
shrubbery in the older secondary forest may
be the cause of this trend. Damage by
gengdis hebivores may be directly
proportiond to the overdl biomass of
productivity of an area. In other words, a
denser, richer food source tends to attract
grester numbers of generdist herbivores.
We obsarved that shrubbery in the older
secondary forest was much less dense and
the shrubs were generdly not as massve as
the other two habitats, enhancing the
likdiness of this explanaion. Anocther
hypothess is that increesed gSpecies
diversty may lead to incressed generdist

herbivory as wdl (Mitchell, et d 1997). It
may be for this reason that the older
secondary forest, where species diversty
seems to be lower, is less susceptible to
herbivore attacks ~ Future experiments
should sample species divergty, biomass,
and productivity of the sampled aress to
test this hypothesis.

Our ANOVA reaults indicated that
the ant species present on an acacia did
not Sgnificantly affect the leve of herbivory.
Our data leads us to conclude thet at Pao
Verde, the four ant species we observed
were roughly equd in their ability to defend
acacias  agang  herbivory. We
hypothesized that this trend may be due to
the fact that ants defend primarily nectaries
and Bdtian bodies more s0 than leaves.
We therefore may not have seen a true
difference in at protective ability that
exided because we only sampled leaves.
Experiments in the future should perhaps
take data on nectay and Bdtian body
herbivory rather than only lesf herbivory.
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Table 1 : Percent herbivory meansfor young and old leaves across three habitats

9

Ledf Age Abandoned Early Seconday  Older Secondary Ovedl
Pasture Forest Forest

old 23.63% 27.57% 13.81% 22.00%

Y oung 15.54% 14.69% 9.41% 13.37%

Overdl 19.61% 21.13% 11.59%
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Differencesin perching behavior among four morphospecies of Anisoptera

Categay: Independent Project
Participants:
Ste Pdo Verde
Key words:

Introduction

At lesst five different dragonfly
morphospecies (Order Odonata, Suborder
Anisoptera) coexig  in the marshdde
abandoned ardgrip habitat of Pdo Verde
Nationd Park, Guanacaste, Cogta Rica
Mogt of these morphospecies potentidly
share prey and foraging areas, ovipogtion
gtes, and other resources. Somehow, the
avalable resources must be partitioned
anong the many individuds in the
Anisoptera  community, by  direct
competition or other means. One behavior
that may be indicative of this resource
divigon is perching habits, the purpose of
this dudy wes to detlermine if perching
behavior differed among four of Pdo
Verde' s Anisoptera morphospecies.

Anisoptera may perch for many
reasons, induding foraging more eficently
for prey, guarding a foraging or mating
territory, wating for potentid mates or
hiding from predaiors. To accommodate
these potentidly different types of
behaviors, we predicted that dragonflies
may dter the time they perched, perch
preferentidly a ceatan dtitudes, habitat
types, or perch types, vigt certain perches
more frequently than others, or digtribute
thar time spent perching and flying in a
paticular way. Carey (1988) observed
dtitudind dvison of foraging habitats
among three morphospecies (yelow, green
and an additiond red morphospecies) a the
same location. By comparing these generd
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Anisoptera, dragonfly, ecologicad niche, Odonata, perching behavior

behaviors, we wanted to begin to
underdand if these  morphospecies
occupied  different  redlized ecologica
niches.

Methods

Dragonflies are highly opportunigtic,
voracious predators of other insects, they
cgpture their prey on the wing usng ther
legs as a basketlike seve (Hogue 1993).
Common prey types include Diptera,
Coleoptera, Hemiptera, Lepidoptera, and
in some cases, other Odonata. Dragonflies
hunt sngly or in aggregetions, and resde in
habitats near marshes, streams, lakes or
other ganding water (Hogue 1993). Most
femdes ovipodt directly onto ganding
water, and nymphs are entirdy aguatic.
Among adults habits of flight, induding
height and speed, are often characteristic
for species (Borror et. d. 1989).

This dudy took place between
0800 and 1600 on November 6, 1998, and
0800 and 1000 on November 7, 1998, on
the airgtrip between the marsh and themain
road of Pdo Verde Naiond Pak, in
Guanacagte, Coga Rica The totd section
of the ardrip sampled was approximately
10 square meters. The Ste was sdected
because of the abundance of four different
Anisoptera morphospecies in the area. The
morphospecies are referred to by body
color: solid black, light brown with a wide
ydlow dgripe (ydlow), dark brown with
fant mugard griping (brown) and bright



green.  The green morphospecies was
identified as Lepthemis versiculosa, in the
Libdlulidee family (Miller 1983).

Each morphospecies was observed
in tenminute intervas for the following
times (in minutes): Black-71.78, Brown-
7275, Green-725, Ydlon70.0. The
type of morphospecies observed was
dternated among the four throughout the
tesing period. It was origindly intended
tha each individud would be marked
before it was observed, but it was soon
redized that the act of marking affected the
behavior of the individua and could not be
done. The perch time (messured by
stopwetch), edimaed pech heght,
location, and type were dl recorded eech
time a perching individua was observed.
Additiondly, the number of times the
individua visted each perch was noted.
Perch locations were defined as ether air
srip, the grassy, sunny center of the
ardgrip, near marsh, the short vegetation
less than one meter from the marsh, marsh,
the vegetation directly over the edge of the
marsh, and standing water, a sndl
flooded area on the opposite Sde of the air
drip. Perch types were dassfied into the
following categories grass, Mavaceee ledf,
leaf of non-Mdvaceee smdl plat, fdlen
twig, Acacia tree branch, nonAcacia tree
branch, rock, ground, net, and poncho (The
last two categories being landings on
equipment  brought into the fidd).
Maveceee leaves were placed in a
separate category because the family was
very abundant and sdlected frequently as a
perch Ste by the Anisoptera

The data collected were andyzed
using the MP ddidicd andyss package
(SAS 1989-1997). The mean perch times
and mean perch haghts by morphospecies
were compared usng ANOVA, and
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sgnificant  differences among the means
were identified usng the Tukey-Kramer
ted. A chi-square andysis was performed
to determine if the digributions of perch
location and type were non-random and
different among morphospecies.
Additiondly, the evenness of perch diversty
per morphospecies was caculated based
on the number of times individuds of each
morphospecies visted each different perch.
The formula for evenness, which uses the
ShannonWeiner  diversty  index, is
decribed by Begon et d. (1996). Findly,
the totd pecentage of time each
morphospecies et in - flignt  weas
caculated by subtracting the totd amount of
perch time from the totd amount of
obsarvation time, then dividing that answer
by the totd amount of observation time.

Results

The hypothess that differences in
perching behavior exided among
morphaospecies was generdly supported by
the data collected. The mean perch times
were datidicdly differet among dl four
morphospecies, (Fz»s = 30.182, P <
0.0001) though individud perch times
varied grestly around the mean (Teble 1).
Each of the four means was datigicdly
different from each other mean (P < 0.05).
There was no difference found between the
mean pach hegits of the four
morphomes (F3,118 = 07068, P =
0.5498). Additiondly, a datidicad
difference was found in the didribution of
both perch location (X? = 84.2, df = 231, P
< 0.0001) and perch type (X*= 110.7, df
=229, P <0.0001). The percentage of
perches per morphospecies a each habitat
location are summarized in Table 2. The
mogt common pech types and the

percentage of perches per morphospecies
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on that paticua type ae as follows
Black: Grass (20 %), Mavaceee leaves (36
%), Other leaves (33 %). Brown: Grass
(45 %). Green: Madvaceee leaves, (32 %)
Other leaves (21 %). Yélow: Grass (66.7
%), Other leaves (22 %). The evenness of
perch diversty was highes in the ydlow
and lowes in the black morphospecies
(Table 1). Green dragonflies spent a far
greater percentage of time in flight then the
other three morphospecies, each of which
et over 90 % of thar time perched
(Table 3).

Discusson

The reaults of this dudy indicate
that there is a Sgnificant difference between
the peching behaviors of the four
morphospecies of Anisoptera  observed.
SUmmaies of each  morphospecies
behaviors are asfollows

The behavior of the green
dragonflies was mogt distinct compared to
that of the other morphospecies They
were the mogt eactive of the four
morphospecies; they spent over hdf ther
time in flight, had the shortest perch times,
and tended to use awide varigty of different
perches. Miller (1983) aso observed that
this morphospecies perched less often than
other Odonata and encountered prey by
chance. Sherman «t. a. (1993). observed
this morphospecies for 4.95 person-hours
and found thet it spent 29.4 % of itstimein
flight, 64.2 % perched, and 6.4 % hovering,
chadng prey, or interacting with other
individuals. Their most common perch Stes
were Mavacege or other smdl herbaceous
plants; they dso perched less often than the
other morphospecies on grass, possibly
because the body weghts of some
individuas were too large to be supported

by it.

Black dragonflies hed the second-
lowest average perch time, yet spent the
maority of their time perched and digolayed
the lowest amount of perch diversty. The
evenness ddidic was dgnificantly affected
by one individud who was observed
jumping on and off the same perch twenty-
one times Some individuds were very
sedentary, barely or not moving from the
same perch, while others were nearly as
active as the green morphospecies. The
mgority of black dragonflies were found in
or near the marsh, perching on grasses or
gmdl plantsincluding Maveceee.

Brown and ydlow Anisoptera
morphospecies  displayed very damilar
behaviors Both hed rdaively long mean
perch times, spent the vast mgority of their
time perched, and utilized diverse perches.
They were rdaivdy inattive ad
camouflaged themsdves wdl in  the
surrounding area while perched, probably a
behavior involved in remaning unseen by
predators and potentid prey. The ydlow
morphospecies was concentrated more
near the standing water habitat, while the
brown was observed by the airdrip or near
the mash aea pehgos thee two
morphospecies are partitioning resources
based on perch location.

The mogt probable causes of
experimentd error are pseudoreplication
and dfficties in both following fest
individuds and egimaing perch heghts
during very brief perches.

A preying order among the
morphospecies was observed. Green
preys on brown and black, who in turn prey
on ydlow (pers. obs). The ydlow
morphospecies then has more potentid
predetors than the brown and black, which
have more then the green. Green individuds
gpend far more time in motion and thus are



more visble to predators than ydlow
individuds, who have longer mean perch
times and spend little time in the ar. A
typicd behavior of the green
morphospecies was hovering in one place
raher then perching and flying in large,
erdic crdes around the same section of
argrip. The other three morphospecies
were often seen walting a one perch dte,
then jumping quickly and suddenly for
insects flying in the generd vidnity (pers
obs). However, this preying order is
based only on anecdota evidence, and is
just one of many potentid explanations for
some agects of these behaviord
differences. Preying order anong dragonfly
morphospecies could be an interesting
future study.

Do the ovedl behaviord
differences posshly imply that the
morphospecies inhabit different redized
ecologicd niches? Prdiminary results seem
to indicae thaa a lesst the green
morphospedes exigs in a different niche
than the other three morphospecies because
of itsdistinct foraging Syle and Satus astop
dragonfly — predator, dthough  some
differences exist between the other three
morphospecies as wdl. Obvioudy, much
further dudy in topics such as prey choice,
flying and perching heights mating and
ovipodgtion  dtes  teritoridity  and
competition, and other factors is necessary
before something as complex as an
ecologica niche can be defined.
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Table 1: Mean time on each perch and perch divergity datistics for four morphospecies of
Anisopterain Palo Verde Nationd Park, Guanacaste, Costa Rica

Morphospecies  #of times Mean perchtime  #of differet  Evennessof Perch

perched (S. Dev.) (se0) perches Diversty (J)
Black 71 54.9 (120.9) 36 0.31
Brown 20 158.4 (207.5) 14 0.58
Green 123 14.6 (28.8) 69 0.64
Ydlow 18 254.5 (229.8) 16 094

Table 2: The digribution of locations of perches used among four morphospecies of Anisoptera
in Pdo Verde Nationd Park, Guanacaste, CosaRica Each numerica vaue represents, for
each habitat type, the percentage of the total number of perches each morphospecies made a
that particular hebitat type.

Morphospecies Airdrip Marsh Near Marsh Sanding Water
Black 16.9 12.7 67.6 2.8
Brown 40 10 45 5
Green 525 1.6 443 1.6
Ydlow 16.2 5.6 111 66.7

Table 3 The percentage of time four morphospecies of Anisoptera in Pdo Verde Nationd
Park, Guanacagte, Costa Rica, spent in flight and perched.

Morphospecies % time spent in flight % time spent perched
Black 9.6 204
Brown 51 949
Green 59.3 40.7

Ydlow 4.7 95.3
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The effect of Pseudomyrmex ants on Acacia Beltian body consumption
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Introduction

The relationship between bull's horn
acacias (Acacia collingi and A.
cornigera) and “acacia-ants’
(Pseudomyrmex ferrugniea and P. belti)
is an achetypa coevolved mutudism. The
acacia trees benefit in two ways from the
ants presence.  Firg, the ants attack and
repe herbivores. Second, the ants remove
competing vegetaion from a circular patch
around the base of the tree. In turn, the
ants receive three bendfits from the acacias
Acacias provide protected homes for ants
ingde large, hollowed-out spines. Acacias
aso provide food for the ants.  Extreflord
nectaries near the base of each petide
secrete a sugar rich solution. The ants dso
consume growths of protein rich cdls found
a the tip of each secondary lesflet of the
bipinnatedy compound leaves (Janzen,
1983). These growths, termed "Bdtian
bodies', are the focus of this studly.

Ou paticular interes in Bdtian
bodies deds with ther rate of consumption.
This is indicative of two different things
Bdtian body consumption can be the resuit
of dther a vigorous ant colony or the
presence of Betian body “predators’ who
do not benefit the plant in any way. Both
of these Stuations have consequences for
the acacias ability to grow and reproduce.
A previous OTS course project quantified
the raie of Bdtian body disgppearance
(Blaney, 1989). Our study ams to go one
dep further and compare the rate of

consumption between acacias which have
been colonized by ants and those which
reman uncolonized. We hypothesize that
Bdtian bodies will be removed from plants
regardiess of the presence of ants, but that
they will be removed more rgpidly from
ant-colonized plants than from uncolonized
acecias.

Methods

On November 6, 1998 we
identified 35 bull's horn acacias near the
ardgrip in Pao Verde Nationd Park, Coga
Rica No atempt was made to digtinguish
between the two acacia species presant in
the aaea We examined each tree to
determine whether it had been colonized by
ats In the case of individuds with no
obvious ants a branch was sheken
vigoroudy to see if any gopeared. Only
ants of the genus Pseudomyrmex were
conddered. On each plant we chose one
to sSx leaves based on the presence and
vishility of ther Bdtian bodies. We then
counted these Beltian bodies and noted the
time. Each lesf was maked for future
identification by pladng a smdl flag of
masking tape on the twig abaxidly from the
petiole base. Six to eight hours later we
returned to the plants and repested our
census, once again recording the time and
number of Beltian bodies present on each
|lest.

Usng these data we cdculaed the
rate of Beltian body disgppearance in two
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different ways. The firs method yielded the
absolute per-hour rate of Bdtian body
consumption, R, :

Ra=(BBi-BB)/ (Tt - T ),
where BB; and BB equd the number of
Bdtian bodies presant in the initid and find
censuses, repectively, and Ty and T; are the
time in hours of each census. The second
cdculaion resulted in the percentage of
Beltian bodies consumed per hour, R, :

R, =100* (BB -BB¢)/[BB * (T; - T,
)]

The dffaence in R, and R,
between individuds with and without ants
and between dl individuds was andyzed
usng two-way ANOVAS performed with
the IMP daidticad package (SAS Indtitute,
Inc., 1996).

Results

Ants of both species were found on
our acacias. Although exact frequencies
were not counted, P. ferruginea
predominated.  Nether species of ant
showed an exclusve preference for ether
kind of acacia Severd taxaof insectswere
observed on the plants. Praying mantises
were common on ant-occupied plants while
caterpillars, beetles and waking sicks were
Seen on unoccupied acacias. However, no
insects other than Pseudomyrmex were
obsarved collecting Bdtian bodies. A few
amdl acacia plants were densdy covered in
cdimbing vines thexe plaits were
unoccupied.

Both methods of cacuation yieded
a higher rate of Bdtian body consumption
for colonized acacias than for uncolonized
individuals (Table 1). The mean R and R,
vdues for ant-occupied plants were
regpectively 4.3 and 3.1 times greater than
for unoccupied plants. Both of these
differences were ddidicdly ggnificant

(Tables2,3). Thetwo-way ANOVAsdso
reveded a ggnificant difference between
individud plants, regardiess of trestmernt,
for R, but not R, (Tables 2,3).

Discusson

Our data imply that most Bdtian
bodies produced by ant-occupied bull’s
horn acacias ae consumed by
Pseudomyrmex ants. Thisis evolutionarily
advantageous to the plants as long as they
ae successully defended agang
herbivores and competing plants.  Our
quditative obsarvaions suggest that the
acacias ae indeed being defended by
Pseudomyrmex ants. The only insscts
commonly found on occupied plants were
mantids which are exdusivdy carnivorous
(Hogue, 1993). Similarly, ant-occupied
trees were free of dimbing vines and other
vegetation around the base of thalr trunk.

The presence of carnivorous
mantids on ant-occupied plants is puzzling.
If they were to et vegetable maiter, Bdtian
bodies would be a likdy food item snce
they are mogdlly protein, as are the mantids
traditiond prey items. However, this does
not explain why the mantids would be found
on occupied rather then unoccupied
acacias. Firdt, occupied acacias have the
obvious disadvantage of being defended by
biting, ginging, ants.  Second, competition
for Bdtian bodies is much less fierce on
unoccupied plants.  Third, the mantids
usud prey items are more common on
uncolonized acacias.

Bdtian bodies on unoccupied plants
ae an undefended, protein-rich food
source. As such, they must be particularly
dtractive to opportunigtic herbivores,
While only Pseudomyrmex ants were
obsarved collecting Bdtian bodies it is
probable that the insects we observed on



unoccupied plants were respongible for the
dow disgppearance of Bdtian bodies on
these plants. In this case, the acacia loses
vaduable amino adds without ganing the
protection of the ants. However, even if
unoccupied acacias could produce leaves
without Beltian bodies, to do so would not
be advantageous. This would diminate an
unoccupied plant's chances of ever
attracting a new ant colony. When a queen
finds an acaciain which to establish her new
colony she immediady collects Bdtian
bodies and nectar to feed her firg clutch of
workers (Janzen, 1983). Even if a queen
did choose a plant without Bdtian bodies
the ants dependence on this missing food
source would probably render the colony a
falure

Severd factors could have caused
this. Oneisthat there are actud differences
between plants or ther ant colonies tha
influence locd Bdtian body consumption
rates. Possble differences include protein
content of Bdtian bodies or population
dengties of ants. Perhaps these differences
aemerdy amahemdticd artifact. Many of
the sampled plants contributed only one | esf
to our data s&t, and none contributed more
than gx. Also, the difference between
plants was dgnificant for the absolute
difference, but not the percentage difference
in Bdtian body consumption. This second
method of cdculding consumption is
probably more biologicaly accurate snce
absolute consumption rates depend ae
rdlaed to the number of Bdtian bodies
present a the beginning of the experiment.
Whatever the case may be, the effect of
ants was dill sronger than the inter-plant
differences.

Severd quedtions reating to this
study need to be addressed in future
research. The ecologicd role of mantids on
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ant-occupied acecias needs to  be
ducidated. The insects responsble for
consumption of Bdtian bodies on
unoccupied plants should be identified.
Also needed is a smilar sudy addressing
the posshility of nectar consumption on
unoccupied plants.
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Table 1. Averagerates of Beltian body disgppearance from acacias & Pao Verde, CostaRica
with and without ants present. R, = mean rate of Beltian body consumption per hour. R, =
mean percentage of Beltian bodies consumed per hour, as measured over Six to eight hour
periods.

plant condition Ra Ro
ants present 6.068 9.364
ants absent 1.388 2.993

Table2. Two way ANOVA reaultsfor absolute Beltian body consumption rate from acacias a
Pao Verde, CodaRica For whole modd test Fay2, = 4.5574, P = .0002.

effect DF F P
plant number 33,22 3.284 .0024
presence of ants 1,22 16.242 .0006

Table 3. Twoway ANOVA results for percentage of Beltian bodies consumed per hour. For
whole modd test Fzy, = 2.113, P=.0344.

effect DF F P

plant number 33,22 1.101 4139
presence of ants 1,22 5.292 0313
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Alouatta palliata and their forage sdectivity of trees

Category: Independent Project

Paticipants.  Jesse Greengon and Abigall Keys
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Keywords:  Alouattapalliata, folivory, foraging, primates.
Introduction

Foraging is an activity thet animds
do in order to encounter food sources. It is
criticd for animds to differentiate among
food sources to find the most optimd diet
(Janzen 1983). Falivores should avoid
feeding on toxic secondary compounds,
pines, and other defense mechaniams trees
have evolved (Janzen 1983).

Previous studies of Howler monkey
foraging behavior have suggested thet they
ae HHective feeders. Glander (1975)
observed howler monkeys and recorded
the age and quantity of leaves the morkeys
ae He found that the monkeys fed
sectively on the bags of leaf age. During a
one year study, leaves made up 63.6 % of
ther diet (Glander 1975). New leaves
composed 442 % of ther diet as
compared to 19.4 % of old leaves (Glander
1975). Young leaves genegrdly have more
water, less fiber, and fewer secondary
compounds which makes them better food
sources (Gentry 1993).

In this dudy we invedigaed
whether howler monkeys exhibit sdective
foraging behavior, feeding from only asmdl
portion of available trees. Our predicted
results are that the monkeys will sdectively
feed from trees tha have gmdl
concentration or no secondary compounds
or other atributes that discourage folivores.

Methods

Howler monkeys inhabit lowland
and montane foret (up to 2500m of
dtitude), and are found from southen
Mexico to northern South America

The sudy Ste chosen was a 20 x
50 m area of tropicd dry forest a the Pao
Verde Biologicd Sation in Guanacagte,
Coda Rica Five howler monkeys were
observed on November 6, 1998, from 5:55
am to 9:00 am, for approximatey 185
minutes. The obsarvations were recorded
by Abigall Keys and mysdf. Trees thet the
howlers fed from were recorded as well as
the amount of time they spent in each tree
The time recorded in each tree was done
on the monkey leading the troop. This was
done because the rest of the monkeys
eventudly followed and there were not
enough investigaiors to make accurate
obsarvationson dl of the monkeys.

Leaf samples were collected and
identified from dl tress in a 1000n¥ area
with a Diamgter Bresst Heght (DBH)
greater than 40 cm. Maguil Cespedes
identified al the tree samples found in the
aea This area was sdected because it
enclosed the trees that the monkeys were
observed foraging through during the time
of observation. Only trees with a DBH >=
40cm were included in the sudy because
we estimated thet trees with this DBH could
support howler monkeys and therefore be a
possible food source. Tree characterigics
were determined by referendng  every
gpecies found in our areain Gentry (1993).
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A chi-sguare test was used to
compare the amount of time monkeys spent
foraging in each tree with the amount of
time they were expected to forage in each
tree if they foraged randomly. The expected
foraging time per tree was determined by
caculaing the percent trees represented by
agpecies multiplied by the 185 minutes that
the monkeys were observed. The resultant
vaue was an edimation of the amount of
time monkeys would spend per tree Species

if they randomly foraged.

Results
The null hypothess of the gatidticd

tes is that the monkeys will randomly feed
from the 23 tree individud’s found in our
transect area . There were 23 tree
individuds within 14 species found in the
1000nY area (ke Table 1). Fromthevaue
of the chi-square tegt, the null hypothess
could not be accepted (chi-sguare value =
153.51,apha= .05, pvadue= 2236, df =
13). Of the 185 minutes of obsarvation, the
monkeys spent a disproportiond amount of

tme in  Piscidia carfuginenss,
goproximatdy 105 minutes.
Discusson

Our hypothess tha howler
monkeys sdectively forage for leaves was
supported by our data. This agrees with
data presented by Glander (1975).

Posshle reasons for monkeys
exhibiting sdective behavior largdy has to
do with the aitributes of the trees. Many
trees produce secondary compounds which
renders them difficult to digest or toxic to
the howler monkeys (Gentry 1993).
Meriospermum frutencens, atreefound in
our transect that was not sampled by the
monkeys has potent secondary compounds
toxic to most mammas Other trees

produce spines on the leaves and bark to
discourage herbivores. Randia thurberi, a
tree found in our transect produces spines
on itsleaves and bark and was not fed from
(see Table 1). All but one of the trees that
were foraged on by the howler monkeys
did not have secondary compounds (see
Tablel).

Another reason that our hypothesis
could have been supported is because our
data could have been faulty. There was one
large autlier in our data that we chose to
indude. This was the large amount of time
that the howler monkeys spent in
P.carfuginensis. During our observation
period it raned intermittently and the
howlers appeared to be more sedentary
during the rain. Although, we did not prove
this gatidicdly. During the period of
heavies downpour the howlers gayed in
Piscidia. Theefore they could have
remaned in Piscidia for such an extensve
period of time only for sheter from the rain.
If that were the case, it would have skewed
the reslts of our chi-square test
dramatically. Because the mgority of time
observing the howler monkeys took place
in Piscidia, we chose to include the data

Future  suggedions for  the
investigation would be a larger time of
observaion. The invedigator should take
into account changes in dimate to ensure it
would not effect the data. Another way to
modify the experiment would be not only to
include the trees the howler monkeys are
foraging from, but aso to andyze the leaves
from the trees. This would be useful to
identify how concentrated the secondary
compounds are in the leaves and if that has
a ggnificant influence on sdectivity, as we

have suggested.
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Table 1. Expected vs. Obsarved Vaues of Time Howler Monkeys Spent Foraging

per Tree Species
Tree Speciesfound in Obsarved  Expectedamount of Presenceof  Number of
transect anountof  timemonkey would secondary  individuds
time soendif randomly  compounds  foundin
monkey foraging (minutes) 1000 nt
sentin aea
tree
(minutes)
Apeiba tibourbou 0 8.04 yes 1
Brosimum alicastrum 8 8.04 yes 1
Chomelel soinoza 10 16.09 no 2
Forsteronia spicata 13 16.09 no 2
Guacum santum 0 8.4 yes 1
Guazuma ulmifolia 0 32.17 yes 4
Luhea candida 40 40.22 no 5
Merospermum frutencens 0 8.04 yes 1
Piscidia carfuginends 105 8.04 no 1
Randia thurberi 0 8.05 Soines no 1
Soondis mombin 0 8.4 no 1
Semmedenia obovata 0 8.04 no 1
Tabeluia ochracea 9 8.04 no 1
Unknown 0 8.04 1
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Differences in gender-based territorid aggresson in Jacana spinosa
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Introduction

Gender-based  aggresson,  or
aggresson by and between different sexes,
is an common subject of sudy for animd
behaviorigs and socid biologids, snceit is
often the defining aspect of the socid
sydems of maly anmd  Spedies
Furthermore, underganding gender and
aggresson in other gpecies has recently
become an important tool in undergtanding
human behavior, from playground fights to
domedtic abuse.  One species in which
gender-based aggresson has been heavily
dudied is Jacana spinosa.

Jacana spinosa, the northern
jacang, is a common and highly vishle
waterbird species of the Neotropics from
Panama north through Mexico and Texas
(Stiles 1989). Within this range the species
populates marshes and other vegetation
covered bodies of water, where its
didinctively long toes and feat dlow it to
wak on the surface of the water as it
forages and breeds. Jacana spinosa hes
been studied because of its unusud mating
sydem (Smultaneous polyandry), in which
one femae mates with and lays eggs for
sved mdes within the same breading
season (Jenni 1983).  Breeding femdes
each edablish a teritory within which are
included the foraging and nesting territories
of saved mdes her “haem.” They
tenacioudy defend this territory and the
males contained within it from the advances
of other femaes throughout the breeding

period, through loud vocdizations, displays
of the bright ydlow underwings and
outright physcd atacks. Mades are dso
srongly aggressve toward other mdes
infringing upon their territories (Jenni 1983),
and femdes will ad mdes in thar territory
with defending these territories from other
mdes in the haem as wdl as atirdy
foreign maes (Jenni 1983). Femdesare as
much as 75% larger than maes, enhancing
their effectiveness as defenders

Snce femdes defend nat only ther
territories and maes but dso ad their mates
in teritorid defense, femdes might be
expected to engage in aggressvetaritorid
behavior nore frequently than maes. The
god of this sudy wasto test the hypothesis
tha femde J. spinosa exhibit a higher
frequency of aggressivefterritorid behavior
than maes

Methods

The dudy was conducted on
November 5, 6, and 7, 1998 at the Pdo
Vede Biologicd Saion of the
Organiztion for Tropicd Studies in
Guanacate Province, Coda Rica
Obsarvations of J. spinosa were made
from the bird tower overlooking an area of
the marshlands south of the Rio Tempisgue.

On the morning of November 5,
aggressveftaritorid  interactions  between
fouteen J. spinosa individuds which
consgently remained cosest to the hird
tower were obsarved to identify the



territories of femdes and the number of
maes within eech territory.  Femaes were
diginguished from mdes by ther larger 9ze
and from one ancther by ther teritory
locations. Mdes were conggently
asociated with particular femde territories
but could not be disinguished from one
another.

On November 6 and 7, 9x totd
hours were devoted to obsarving and
recording descriptions of al
agoressiveftaritorid interactions within the
femde territories. Aggresson was defined
a awy ation which caused the
displacement of another individud. These
incdluded voca and physicd displays as well
as charging and pecking. Aggressors and
“victims’ were identified by territory and
their actions noted. Afterward, the number
of aggressvefterritorid acts committed by
each femde and dl the mdes within each
femde teritory were totded from these
obsarvaions  Aggressive frequencies of
femaes were defined as the total number of
aggressive acts committed by an individud
femde Mean mde aggressive frequency
was cdculated by dividing the total number
of aggressve acts by the number of mdes
for each territory. Overdl mean aggressve
frequency was determined for each gender
by dividing totd aggressve acts by the
number of individuals of each sex. These
results were then gatidicdly andyzed usng
c? tedts.

Reaults

Three femde teritories were
identified. Territory 1 contained one femde
and five mdes, while Teritories 2 and 3
eaech contained one femde and three mdes.
Thirty-two aggressve  episodes  were
obsarved (Table 1, 2), during which three
types of aggressve behavior were
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identified: 1) femdes acting aggressvely
towad femdes 2) femdes acting
aggressively toward mdes (of their harems
and of the harems of other femdes) during
conflictswith amae in the femaes harems,
and 3) mdes acting aggressively toward
oher mdes  Ten of the seventeen
aggressve acts committed by femdes were
of type 2 (Table 1). Therefore, in ten of the
twenty-five aggressve acts by mdes, the
aggressve mde was assged by its mate.

This occurred five times in Territory 1, four
times in Territory 2, and only once in
Territory 3.

Totd frequencies of aggression for
mdes and femdes within gender did not
show a significant difference (c? = 0.0, df =
1, P = .05. Femde aggresson toward
maes included, however, yidds a Sgnificant
result (c?=5.02, df = 1, P = .05).

Discusson

The data show that no difference
exigs in the frequencies of aggression of
made and femde jacanas toward their own
genders. Femdes, however are consdered
more aggressive if atacks on mades are
conddered dong with attacks on femdes

An adaptive advantage may exis to
explan why femdes are more aggressve
than maes Due to sexud sdection, J.
spinosa femaes necessarily exceed mdes
in two ways. Frdg, femdes ae more
aggressve than maes, which provides an
advantage during competitions with other
femdes for large territories and mates to fill
them. Second, femdes are lager than
mades to provide resources for the
production of many eggs to fill the nests of
svad mdes ad in compdition aganst
femdes, or both. Lager and more
agoressve femdes appear to be naturdly
better suited toward territorid behaviors
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than are smdler, mesker mdes  In turn,
femdes are better suited to defending the
territories of the males in their harem from
intruding mdes in addition to ther own
larger territory Snce ther larger Sze makes
them eedly cgpable of dominaing any mde
in an aggressve encounter.  Individuals thet
defend the territories of their males have an
adaptive advatage.  The mdes incubates
the clutch and locates food for the young of
the par. Thus mdes canot aford to
paticdpae in frequent and potentialy
dangerous territorid conflicts with other
maes If amae were to be injured or die,
the young would likdy suffer as wal.
Mades aded by ther mates in defending a
territory are therefore much more likdy to
rase the young to maturity, incressng the
frequency of “big, nedy, hdpful femde’
genes in the population. Femdes that ad
thar mates therefore have an adgptive
advantage.

Potential sources of error in the
Sudy indude the difficulty of diginguishing
mdes and femdes bassd on aubtle
morphologica differences and the smdl gze
of the data set. These could be diminated
in future sudies through sexing and marking
of individuas and longer term observations.
Y et the most important future research of J.
spinosa would not ded with behaviorad
differences between mdes and femdes
directly, but ingead atempt to determine
how and why polyandry developed in the
sediesin thefirg place. Polyandry is, after
dl, an extremdy rare maing sysem. In
most species, induding our own, maes are
the lager, more aggressve, and more
promiscuous s=X. In learning how and why
J. spinosa femdes took on these traits, we
may be able to understand how and why
mdesof Homo sapiens sapiens and other
gpecies did as wdl.  Such understanding

may be the key to explaning —and
preventing- domedtic violence and other
such gender-based aggresson in humans.
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Table 1. Frequency of aggresson of Jacana spinosa femdes a the Pdo Verde Marsh,
Guanacagte Province, Cosa Rica
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Femde Freq. of Aggression Against Females Freg. of Aggression Against Males Total

1 3 5 8
2 2 3 5
3 2 2 4
Total 23 33 5.7

Table2. Frequency of aggresson of Jacana spinosa maes by femde territory a the Pdo
Verde Marsh, Guanacaste Province, Cogta Rica

Female Territory Maes Aggressive Acts Frequency of Aggression per Mae

1 5 13 26
2 3 8 27
3 3 4 13

Total 11 25 23
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The effect of wetland management on bird Species richness and diversity
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Key words:

Introduction

Pao Verde Nationd Park, located
in northeest Guanecaste, Coda Rica,
remaned undisturbed wetlands and tropica
dry forest throughout the nineteenth century
(Eugenio Gonzdez, pers com.). Heavy
grazing of the wetlands began in 1920,
when a large portion of the area was
converted into a cattle ranch (Gill 1988).
OTS ggned a less2 on the property in
1970, but it was not until 1977 that
govenment  officdds dedaed the
surrounding area a wildlife refuge (Gill
1988). The primary god of the rfugewas
to protect the large number of birds netive
to the region (E. Gonzdez, pers. com.).
Though cattle were permitted to continue
grazing throughout the refuge, hunting was
banned (Gill 1988). In 1981, officids
prohibited the grazing of cattle, and within
two years catals (Typha domiguenss)
became the dominant species of the marsh
(Gill  1988). Five yeas laer, T.
domiguensis had completdy invaded the
mash. The edabligment of a T.
domiguensis monoculture led to a decrease
in avian faund dversty (Gill 1988). A
program of controlled catle grazing,
implemented in 1987, ams to increase bird
divesty by removing the catal
monoculture (Gill 1988). A dry season
dudy has pointed to successul
consarveion efforts with increased avian

Nicole Donovan and Sarah Huber

Birds, species diversty, Typhus domiguens s, wetland management

diversty found in grazed aress (Maill and
Tossas 1997).

We have focusad our investigetion
on the effectiveness of this wetland
management in Pao Verde during the wet
Sseason, examining the difference in bird
goecies richness and diversty between
adjacent grazed and ungrazed aress of the
marsh.  Since wetland management (cattle
grazing) has kept cattall populations to a
minimum and increesed dry season bird
diverdty during the past ten years we
hypothesized that a grazed section of the
marsh would yidd both a higher species
richness and diversity of birds compared to
an ungrazed section.

Methods

To invedtigae differences in bird
gpecies richness and diverdty between
managed and unmanaged wetland aress,
obsarvations were made from a tower
located 50 m south of the air drip in Pdo
Verde Nationd Park. Eugenio Gonzaez,
director of the OTS hiologicd fidd gation
a Pdo Vede, aded in choosng the two
aess of dudy (grazed and ungrazed),
which comprised a totd of gpproximately
30,000 nt of marsh, directly south of the
tower. Both areas were estimated to be
100 m by 150 m, with the ungrazed area
located 10 m east of the grazed area. This
ungrazed section, adjacent to the grazed
area, had its western border approximately



50 m east of the tower. The ungrazed
section was comprised of 5% open marsh,
5% Parkinsonia aculeata (Pdo Verde
trees), and 90% T. domiguensis (cattalls),
while the grazed section contained 80%
open marsh, 10% P. aculeata and 10% T.
domiguensis.

Observetions were made from 5:40
to 640 am and 4:00 to 5:00 pm on
November 5 and from 5:35 to 7:05 am and
4:00 to 5:00 pm on November 6. During
eech observaionad period, each of 2
observers used binoculars to conduct 5
minute scans, dternating aress every 5
minutes. Both observers would dart by
viewing the grazed aea. In a 5 minute
scan, each species observed was recorded.
The number of sghtings of each gpediesin
the 5 minute period was aso recorded. At
the end of 5 minutes, the two observers
would follow the same procedure br the
ungrazed aea Identification of birds
followed Stiles and Skutch (1989).

A speciestime curve was derived
to ensure adequate observationd time and
ShannonWiener Index (H': Meffe and
Carroll 1997) was used to calculate species
diversty of grazed and ungrazed aress
Species diversty (H') was dso cdculaed
without Northern Jacanas, as these birds
represented 61% of grazed area Sghtings.
T-tests (Magurran 1998) were caculated
to test for sgnificant differences between
Species diversty of grazed and ungrazed
aress, both with and without Northern
Jacanas.  T-tests were adso usad to
compare bird species diversty in grazed
and ungrazed aess between our wet
Season data and dry season data of Manwill
and Tossas (1997).

Reaults
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Species time curves containing total
obsarvation time (135 minutes) for grazed
and ungrazed aess both plateau within
goproximately 100 minutes (Figure 1). The
curve for the grazed area contains a higher
plateau as a result of a greater pecies
richness The segper dope of the grazed
curve indicates that a shorter amount of
time is needed to observe a grester amount
of gpeciesin the grazed area compared to
the ungrazed area (Figure 1).

Speciestime  curves  reved
conggently higher species richness in the
grazed area for each observed period.
Data collected on November 6 from 5:35
to 7:05 am, however, yidded higher soecies
richnessin the ungrazed area (Figures 2 and
3).

There were 12 different gpecies
observed in the grazed area, with atotd of
58 gghtings.  In the ungrazed area, 10
Species were recorded, containing atotal of
86 gghtings (Table 1). Bird species
divergty in the grazed area was Sgnificantly
lower than bird species diversty in the
ungrazed aea (H' g2=0.552,
H’ ingrazed=0.804, t=6.48, df=119,
P<0.001). The Limpkin, Inca dove, ad
Spotted sandpiper were unique to the
grazed areg, while an unidentified species
and Dove gpecies were unique to the
ungrazed area (Table 1). Northern Jacanas
dominated dghtings in the grazed aes
representing 62% of tota grazed sghtings.
Jacanas and Groove-hilled Anis domineted
the ungrazed section, with 23 and 22
repective sghtings

Bird spedes divarsty exduding
Jacanas resulted in no Sgnificant difference
between grazed and ungrazed aress
(H’ gae=0.686, H’ ingraze=0.753, t=1.236,
df=131, P>0.05). In grazed aress, bird
pecies diversty determined by Manvill and
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Tossag(1997) for the dry season was found
to be 9gnificantly higher than for wet season
data preseted in this  dudy
(H’dry/grazedzo-654y H welgrazed:0-552|
t=2.15, df=127, P<0.05:). Conversdy, in
ungrazed aess, bird species diversity
caculaed by Manvill and Tossas (1997)
was sgnificantly lower for the dry season
than for the wet season data presented in

thl S SﬂUdy (H’ dry/ungrazed:O- 238,
H, Wajungrazwzo.804, t:6.89, df:36,
P<0.001).
Discusson

Collected data refute our
hypothess that bird species diversty is
gregter in the grazed area than the ungrazed
aea A donificant difference  was
determined between bird species diversties
of both aess, favoring a grester bird
divasty in unmaneged wellands. A
possble explanaion for decressed avian
diversty in the grazed (managed) area may
be a result of the large number of Jacana
sghtings, which represented over 60% of
the observed sghtings in the grazed area
When bird species diversty exduding
Jacana Sghtings was caculated for both
areas, no ggnificant difference was found
between bird species diverdty for the
grazed and ungrazed aress. By removing
the large percentage of Jacanas, species
evenness for the grazed area increases,
therefore producing a grester Species
diversty.

Ancther possible explanation for a
decreased species diversty of birds in the
grazed area may be a result of seasond
effects on bird species diversty in the
wetlands  Oved| avian faund diversty is
known to decrease in the wet season due to
inauffident resources (E. Gonzdez, pers
com.). Manwill and Tossas (1997)

examined bird gpecies diversty in wetlands
during the dry season. Dry season results
(Manvill & d. 1997) yidded a sgnificantly
higher bird soecies diveraty for the grazed
area and a ggnificantly lower bird species
diversty for the ungrazed area, compared
to our caculated bird species diversties for
the wet season.  Observations collected
during the wet season may represent
maximum bird spedes divarsty for
ungrazed aress and minimum bird species
divergty for grazed aress, accounting for
our higher overdl bird species diversty of
the unmanaged area.  Gregter resources
avaladle in the wetlands during the dry
Season attract migratory birds that increase
bird species diversty in open, grazed aress
(E. Gonzdez, pers. com.). The dry season
may aso cause an increased diversty in
grazed aress, as bird species do not need
to rdy on tal vegddion, dominat in
ungrazed aess, for refuge from harsh
westher.

Though the wungrazed aea
contained a higher diversity of bird species,
Purple Gdlinules, Northen  Jacanes,
Groove-billed Anis and Bare-throated
Tiger-herons gghted in the ungrazed area
inhabited open marsh aress representative
of the grazed area.  Thus, certain species
contributing to an incresse in ungrazed bird
species divergty are potentidly utilizing the
amdl, rare, open marsh hebitats smilar to
those composng a large percentage of
managed aess. A decrease in vighility of
the ungrazed areg, resulting from the dense
catal cover, may have dso skewed
potential Sghtings.  Large populaions of
cartan species may have dominated smal,
open aess within the ungrazed area which
were not vigble from the tower. Thus
lower and more even species abundance
yidding a higher spedes eveness in



ungrazed aress, may be a direct result of
poor obsarvation vighility of the ungrazed
area

Though the gpediestime curve
shows adequate obsarvationd time was
conducted in both aress, interesting trends
ae sen in the curves representing
observationd time during the rain. Species
richness was found to increee in the
ungrazed aea during periods of bad
weather, while grazed areas continudly
contained higher species richness vaues for
periods without rain. Birds may use cattall
cover as a refuge from harsh weether,
escaping the open aress of grazed marsh
during heavy wet seeson rans  Future
dudies dhould examine bird species
diversty in managed and unmanaged arees
in comparison to weether, as well as in
comparison to wet and dry seasons.

Determining the effectiveness of
management remains dependent on the
definition of diversty. The ShanonWiener
and Smpson indices represent fractiond
abundance of species, while other measures
can be weghted by species importance,
productivity, or d9ze (Meffe and Carall
1997). Though the managed aea
contained a grester species richness, the
unmanaged area contained a higher ecies
evenness. As caitle grazing has been found
to increase the totd number of species in
the managed area, many consarvationists
may ague agand  management
effectiveness, as evenness is not being
mantaned. As the measure of diversty
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vaies, consevdion gods must become
more precise  We mug continue to
examine wetland ecosysem requirementsin
order to determine opportune levels of
gpecies richness and diversty, as wel as
gopropriate measures of this diversty,
essentid to the proper functioning and
maintenance of the system.
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Table 1. Species richness and total number of sghtings of each bird during 5 min scans of
grazed and ungrazed aress of the wetlands in Palo Verde Nationd Park, Costa Rica A totd of
135 min were spent scanning esch area.

Species Grazed  Ungrazed
Bare-throated Tiger-heron (Tigrisoma mexicanum) 11 6
Greenbacked (Green) Heron (Butorides striatus virescens) 3 1
Black-bdlied Whisling-duck (Dendrocygna autumnalis) 99 1
Limpkin (Aramus guarauna) 4 0
Purple Gdlinule (Porphyrula martinica) 1 4
Northern Jacana (Jacana spinosa) 338 23
Spotted Sandpiper (Actitis Macularia) 4 0
Inca Dove (Columbina Inca) 1 0
Dove 9. 0 3
Groove-hilled Ani (Crotophaga sulcirostris) 33 22
Hummingbird sp. 3 0
Tropica Kingbird (Tyrannus melancholicus) 42 16
Great Kiskadee (Pitangus sul phuratus) 9 9
Unidentified 0 1
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Figure 1. Species-time curve for observed birdsin wetland areasin Palo Verde Nationd Park, Costa
Rica The number of species was determined during five minute scans of grazed and ungrazed
wetland aress. A tota of 135 minutes were spent scanning each area.
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Figure 2. Species-time curve for observed birdsin grazed wetland areasin Palo Verde Nationa
Park, Costa Rica. The number of species was determined during five minute scans of grazed wetland
aress. A tota of 30 minutes were spent scanning during three observations and 45 minutes were
Spent scanning during one obsarvation.
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Figure 3. Species-time curve for observed birdsin ungrazed wetland aressin Palo Verde Nationa
Park, Cogta Rica. The number of species was determined during five minute scans of ungrazed
wetland aress. A totd of 30 minutes were spent scanning during three observations and 45 minutes
were spent scanning during one observation.
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Foraging behavior and response to nectar availability of Amazlia tzacatl

Category: Independent Project
Paticipants. ~ SerenaBlack and Jessica Lynch
Ste LaSdva

KeyWords. Amazlia tzacatl, behavior, forage, nectar

[ntroduction

Many plants produce sugay nectar to
attract pollinators. Nectar conditutes an
energy rich flord reward for the pollinator
and benefits the plant through increased
pollen exchange and reproduction (Kearns
and Inouye 1993). Hummingbirds are
important pollinaiors and mgor nectar
consumers in the Neotropics  The high
metabolism of hummingbirds, an adaptation
for rapid flight, necessitates consumption of
large nectar quantities. Mesting energy
needs requires a baance between
maximizng nectar intske and minimizing
feeding time, energy spent foraging and
defending  teritories (Temdes pers
comm.).

Because nectar is a vauable and
often limited resource, many hummingbirds
edablish teritories and defend  flower
paiches agang intruders. Territorid
defense is mogt beneficid when resources
are avaladle a intermediate leves (Stiles
and Wolf 1970). When nectar bvelsare
low, the energy codts of defense outweigh
the bendfits of nectar intake. At high levels
there is enough nectar for many vistors, and
defense is nat profitable from an energetic
sandpoint.

This project examined the effects of
changing nectar awalability on foraging and
territorid  behavior of the rufous taled
hummingoird, Amazlia tzacatl. —We
hypothesized that nectar volumes in flowers
would decrease throughout the morning as

pollinators depleted flord rewards. We did
not expect nectar concentraion to change
because amount of sugar in solution is
independent of volume. Weather was
humid and rainy a the time of our Sudy and
desccation was not a factor influencing
concentration. We predicted that foraging

humminghirds would vist more flowers per
second through the morning as nectar levels
declined. Hummingbirds were expected to
maximize energy inteke by explaiting higher
quantities of flowers when nectar volumes
are low. We dso expected that territorid

defense, measured by incidence of intruder
chasss, would be highest @ mid-moming
intermediate nectar levels.

Methods

Amazlia tzacatl is the mog
abundant Coda Rican hummingbird, from
sea leve to 1850 m, on both dopes (Stiles
and Skutch 1989). Amazlia tzacatl
prefers non-forest habitats and feeds on a
wide variety of flowers (Stiles and Skutch
1989). Amazlia tzacatl is higly
agoressve and often defends teritories
around rich dumps of flowers (Stiles and
Skutch 1989). We chose Amazlia tzacatl
as our sudy subject, because it is a
common spedes and the hummingbirds
were essy to find and observe over multiple
days.

We chose  Sachytarpheta
jaimecensis, as our study plant because it
produces abundant, densdy clustered
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flowers and provides rich resources for
hummingoird foraging.  Stachytarpheta
jaimecensis is a member of the large
Verbenacege  family. Cultivated  for
ornamenta vaue, Sachytarpheta
jaimecensis is an introduced flowering
dhrub in the Sargpiqui region, Coda Rica
Howers are irregular and bisexud, with a
tubular, five lobed coralla, and are arranged
in racemose inflourescenses  (Heywood
1993).

Our project was conducted on
December 1, 3-5 & La Sdva Bidlogicd
Saion, Sagpiqui, Coda Rica We
observed hummingbird behavior between
6:00 and 10:00 am. Our study Steinduded
four S. jaimecensis bushes planted aong
the driveway near the comedor. Ran,
broken by one clear morning on December
3, was the prevailing weether condition.
Nectar measurements

We used 2 i pipettes, inserted to
the base of the corolla, to extract nectar
from flowers  We cdculated volume (L)
by measuring length of nectar (cm) in the
pipette, dividing by totd pipette length, 3.2
am, and multiplying by 2 nl.. To messure
concentration of sugar we blew the nectar
from the pipette onto the surface of a
Sugar/Brix refractometer manufactured by
Sper Scientific, Scottsdde, Arizona, USA.
When the volume of nectar was too smdll
for accurate messure, we diluted the nectar
in the pipette with water and used the
refractometer to anayze the dilute solution.
Sugar content was determined by
multiplying the concentration of dilute
solution by the ratio between volume of
dilute soluion and nectar volume
Concentration was read in mg sugar/ml
olution.

We messured changes in nectar
volume and concentration throughout the

morning in unbagged flowers. At one-hour
intervals between 6 and 9 am on December
3-5, we sampled nectar from five flowers
each from a different location on the four
bushes. We did not take nectar samples on
the first day of observation, December 1,
because we were perfecting our techniques
and did not want to disturb the birds. On
the following three days only five flowers
were sampled per hour to minimize
digurbance on  hummingbird behavior.
Flowers chosen were dl dark purple, asign
of newly opened flowers, and had no small
holes a base of corolla, a 9gn of nectar
robbery by insects.

We dso bagged three dems of
flowers on the three separate days, marking
the old or dready opened flowers to avoid
confuson, and left them overnight.  We
measured nectar in 3 undisurbed, newly
opened flowers, one from each gem, the
folowing morming. The vaues obtained
provided estimates of nectar volume and
concentration in new flowers

Also, to test if flowers replenished
nectar over time, we drained nectar from 8
flowers distributed on three sems, bagged
them overnight, and used pipettes to check
for nectar the following morning.
Hummingbird observations

To messure foraging behavior we
timed feeding in seconds and counted
nuber of flowers visted. We began timing
a soon as we spotted a hummingbird
feeding and continued until the hummingbird
dopped feeding or left our view. We
recorded frequency of territorid chases on
al four days of obsarvation to investigate
whether there was a rdaionship between
resource defense and nectar avallability.

Only on one day were we able to
collect accurate data on number of foraging
bouts. On December 3, we recorded



number of feeding trips or bouts in ten
minute increments.  December 3 was the
one dear day without rain in our Sudy
period and the birds were more vishle. On
the other three days we were unable to
collect complete observations of foraging
bouts because the birds fed more frequently
on the ingde branches of the bushes.
Fndly, to sse if hummingbirds
could recognize flowers that were new or
previoudy unexposed to foraging later in the
morning, we bagged a dump of twenty-one
gems of flowers growing in dose proximity
on one bush, in the afternoon on December
4. At 830 am the fdlowing morning we
removed the bags and exposed the new
flowers to  hummingbird foraging and
observed until 9:30. We recorded number
of previoudy bagged flowers vigted per
second during foraging  bouts. For
comparison, we aso recorded number of
flowers visted per second when the birds

foraged in the previoudy unbagged area.

Analysis

We andyzed number of flowers
visted per second, number of chases
number of foraging bouts volume and
concentration of nectar versus time of day
by liner regresson. We used 2-way
Anova to compare number of flowers
visted per second vs. time among the days
and to compare nectar volumes vs. time
among the days.
We performed a ttest comparing flowers
versus vigted per second in bagged and
unbagged treatments to determine  if
foraging behavior differed between the two

types.

Results
Nectar resources

11€

We found no dgnificant difference
in nectar volume over time on December 3
(R =0.07, F = 1.33, P= 0.50), December
4 (R =005 F = 102, P= 0.33) or
December 5 @ = 0.03, F = 047, P=
0.50). A two-way Anova suggested thet
naither day nor time of day can explain the
vaiance in nectar volume F = 0.64, P=
043; F =0.01, P=0.92). We dso found
no dggnificant difference in  nectar
concentration over time on December 3 (R
= 0.02, F =0.23, P=0.64), December 4
(R = 012, F = 203, P= 0.17) or
December 5 (R = 0.0008, F = 0.01, P=
0.93). Nectar volume and concentration
were unrelated on December 3 (R = 0.07,
F =131, P=0.27), Dec. 4 (R =0.36, F
=10.29, P= 0.09) and Dec. 5 (RZ = 0.002,
F =0.03, P=0.86).

Although amdl sample gzes
precluded datidicd andyss, we found a
wide range in average nectar volumes and
concentrations in bagged, newly opened
flowers among the three days. Mean nectar
volumesflower dedined three-fod from
December 3 to December 5 (1.50 ni /
044 ni). Beween December 4 and
December 5 nectar  concentraion
decreased by fifty percent (21.07 / 13.6 mg
sugar / ml solution). We found no nectar in
awy of the flowers draned and bagged
overnight to test if nectar was replenished.
Foraging and territorial behavior of
Amazilia tzacatl

Differences between number of
flowers visted per second and time of day
were dgnificant for dl four days of
obsarvation (Table 1, Fgures 1-4). On
eech day average number flowers visted
per second by the hummingbirds incressed
over time. For example, on December 3
average number of flowers vigted per
second increased from 0.81 from 6:00-6:30
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to 1.16 between 8:30 and 9:00. Results of
the two way Anova test suggest thet time of
day explained a sgnificant amount of the
vaiance in the number of flowers visted
per second but day did not (Table 2).

The number of foraging bouts and
time of day were unrelated on Dec. 3 (R =
0.015, F = 020, P= 066). Chase
frequency was negaively corrdated with
time of day on December 3 (R =0.30, F =
5.53, P= 0.04). Twenty-one chases were
obsarved from 6:00 to 6:30, but only 8
were obsarved from 8:30 to 9:00. On
December 4 and 5 there was no sgnificant
relationship between number of chases and
time of day (R = 0.02, F =0.40, P= 0.54;
R =0.11, F =246, P = 0.13).

There was asgnificant differencein
number of flowers visted per second
between previoudy bagged and unbagged
treetments (df = 23, t = -10.35, P <
0.0001). Hummingbirds vigted less than
hdf as many flowers per second in the area
that had been bagged then in other arees of
the bushes between 8:30 and 9:00. In the
hour of observation hummingbirds visted an
average of 0.59 previowdy bagged flowers
per second (n = 6, SD = 0.05). In
contragt, hummingbirds vidted an average
of 1.22 previoudy unbagged flowers per
second  within the same hour (n =19, SD
=0.03).

Discusson

As hypotheszed, on each of the
four days of obsarvation, we found thet the
number of flowers visted per second by
hummingbirds incressed over the course of
the morning. Also conggent with our
hypothess we found that hummingbirds
vigted fewer previoudy bagged flowers per
second than unbagged flowers in braging
bouts within the same peiod of the

morning. Newly opened flowers,
previoudy unexposed to foraging, gppeared
to be more vauable and worthy of energy
expenditure than flowers dready exposd
over time Results suggested that
hummingbird  foraging  behavior  was
influenced by time and exposure of flowers
to foraging. Obsarvations from our sudy
were supported by research conducted by
Sdly e d. (pas comm) who
demondrated that bees spent more time a
previoudy bagged flowers that had higher
pollen supplies.

Contrary to our expectations,
nectar volumes did not decrease over time
on any of the three days that we sampled.
However, measurements of nectar volume
may have been mideading because we only
sampled nectar in unrobbed flowers
Nectar in unrobbed flowers is depleted by
hummingbirds done. Nectar in robbed
flowers is depleted by hummingbirds and
insects. We frequently observed bees and
wasps robbing nectar by cutting holes
cregted a the bases of corollas. As the
morning progresad it became increasingly
difficult to find unrobbed flowers for nectar
sanples . Hummingbird foraging behavior
may not be influenced by own foraging and
nectar depletion but ingead by nectar
robbery. Teritorid defense agang the
wasps and bees was not observed. It's
possible that the robbers are too abundant
and energy costs would be too high for the
hummingbirds to chase them. Robbers
crawl to the base of the cordlla and are
amdl so they may be hidden from the birds
view and escape defense. Wagps and bees
ae dow and spend more time a each
flower and may not conadered a sgnificant
threet because their foraging behavior is o
different from the hummingbirds. Fndly,
the wasps and bees may ging the birds



deterring defense. We did observe a
territorid chase of a hawkmoth that was
flying quickly and vigting many flowersin a
foraging paten vey dmila to the
hummingbirds.  The smilaities in foraging
might trigger defense or the hawkmath may
be more thorough and dran more nectar
than the robbers. Compstitive pressure
from nectar robbery could be examined by
random sampling of flowes in lager
quantities to messure nectar availability and
incidence of robbery over time.

Measurements of nectar volume on
December 4 and 5 may have been affected
by westher conditions. It was raining and
water drops tended to gather around the
narrow corolla  Inserting the pipette into
the corolla without introducing some water
into the nectar sample was very difficult.
Water contamination would  increase
voume leading to inaccurae andyds of
nectar changes over time. Long periods of
ran and vey litle sun may dso have
dfected the plants adlity to
photosynthesize, decreasng the energy
avalable for nectar production over time.
Average nectar volumes in previoudy
bagged, newly opened flowers declined by
71% ove the three days of sampling.
Dedines in nectar production could have
affected andlys's of changes in nectar over
time among the days.

We hypotheszed thet
hummingbirds would exhibit strongest
territorid defense, in the form of chases
when nectar was avalable & intermediate
levels. On December 3 chase frequency
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decreased throughout the morning. The
hummingbirds invesed progressvey less
enagy in teritorid defense over time
Behavior was inconsgent with nectar
avalability which did not change over time.
Its possible that the birds had not been gble
to feed as frequently in the ran on the
following moming and initidly defended
nectar resources drongly but eventudly
tapered off to normd teritorid defense
levels as the morning progressed and they
hed had pletty of time to feed. Our
observations were conducted on a limited
time scae and its possble that behaviord
extremes, both very ealy and laer in the
day, were not accounted for in our andyss
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Table1l. Summary atistics for number of flowersvisted per second by Amazilia tzacatl vs.
time of day a La SdvaBiologicd Station, CogtaRica

R2 F P
December 1 0.39 36.49 <0.0001
December 3 0.32 32.24 <0.0001
December 4 0.23 26.04 <0.0001
December 5 014 11.21 <0.0013

Table2. Summary gatigtics from two-way Anovafor day and time of day vs. number of
flowersvisted per second by Amazilia tzacatl over aperiod of four mormings a La Sdva
Biologicd Station, CotaRica

F P
Day 344 0.0650
Time of day 62.59 0.0001
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Fgure 1. Number of flowers vidted by Amazlia tzacatl per second vs. time of day on
December 1, 1998, La SelvaBiologica Station, Sarapiqui, Costa Rica.
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FHgure 2. Number of flowers visted by Amazlia tzacatl per second vs. time of day on
December 3, 1998, La SdvaBiologica Station, Sargpiqui, CostaRica
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Fgure 3. Number of flowers visted by Amazlia tzacatl per second vs time of day on
December 4, 1998, La SdvaBiologica Station, Sargpiqui, CostaRica
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Figure 4. Number of flowers vidted by Amazlia tzacatl per second vs. time of day on
December 5, 1998, La Sdva Biologicd Station, Sarapiqui, CotaRica
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Spatia ditribution and population sex ratio of atropica treeNeea psychotrioides

(Nyctaginacese)
Category: Independent Project
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Introduction

Non-random spatia digtributions of
dioecious plants have been shown to
increee pollen flow (Iglesas and Bl
1989) and to indicae Specidized
physologicd or ecologicd requirements of
the two sexes (Cox 1981). Therearethree
possible spatid digribution petterns for the
sxes of dioecious plants Mdes and
femdes can be pogtivdy associated
(segregated or dumped by sx), negdtively
associated (nearest-neighbors are of unlike
X), or randomly digributed.
Bierzychudek and Eckhart (1988) reviewed
sudies of 32 dioecious species and found
tha two thirds of them showed gpatid
segregation of the sexes (SSS).  Although
they admitted that this could be due to bias
by biologigs in thar choice of organiams,
they lig a number of adaptive reasons for
SSS induding differentid mortdity, niche
patitioning, and asexud reproduction
(Bierzychudek and Eckhat 1988).
Negdtive asocidion is relativey rare and
the mechaniams that produce it are dill
unknown but it is thought to incresse
pollination rates and fruit set (Iglesias and
Bl 1989). Randomly  digributed
populations are nether pogtivey nor
negativdly associated. They most likdy
exis where no sdlective pressures exis for
the other, non-random, digtributions.

Some of the mechanisms behind
SSS can d0 be involved in causng
population sex ratios to differ from unity.
For example, differentid mortdity and niche
patitioning could lead to higher survivd
rates or earlier maturation of one s=x within
acohort (Opler and Bawa 1978). Different
physologicd reguirements, epecidly in
terms of reproductive investment, could
result in one sex having more resources
avaladle for vegetdive growth (Putwan
and Harper 1972).

We invesdigaed the gpdid
digribution and the population sex rétio of a
gndl edge tree Neea psychotrioides
(Nyctaginacese). To our knowledge the
Spatid didribution of this species has not
been previoudy described.

Methods

This sudy wes caried out a La
Sdva Biologicd Sation in northeastern
Coda Rica from 19 November to 2
December 1998. We censused Neea
psychotrioides populations dong Sendero
Tres Rios (STR) and Sendero El Atgo
(SAT). We attempted to locate trees by
searching for foliage rather tan fruits to
avoid bissng our survey with the more
conspicuous  femdes (Whedwright and
Bruneau 1992). We maked every N.
psychotrioides tree dong the trals
determined its sex by the presence of fruit
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or by flower dissection, and measured the
digance between the base of its trunk and
the base of the trunks of the neares mae
(M) and femde (F) trees. Threeindividuds
without inflorescences were consdered to
be juvenile and not induded in the census.

We cdculated sex ratio and used a
binomid test (Ott 1988) to test each
populaion’s deviation from a sex ratio of
unity. We tested for nonrandom spatid
digribution of the sexes in three ways
Frst, we compared the frequency of same-
seX nearest- neighbors with the frequency of
unlike sex nearest-neighbors with what
would be expected if the populaion were
unsgregated, udng a chi-square test
(Pidou 1977, Magurran 1986). Second,
we used the coefficdent of segregation
(Peou 1977),

S=1- Observed number of FM and MF pairs
Expected number of FM and MF pairs.

In a randomly digtributed population , S
would equd O and in a compledy
segregated population, Swould equa 1. A
negatively assodated didribution  would
have S less than O (Whedwright and
Bruneau 1992). Lastly, to avoid the
problems  asociaed  with nor-
independence of neighbors pairs, we used a
Microsoft QBASIC (Verson 1.1) program
(Appendix) to peform a Monte Carlo
amulation to test for negative association of
the sxes The dgmulation cdculaed the
probability of obsarving more unlike sex
pars (MF and FM) if the population were
completdy randomly digributed.  Each
repetition of the dmulation kept the
population sex ratio and patid didribution
of the trees congant but randomly assgned
the sex of each tree. The program was run
100,000 times and the number of times a

grester number of unlike-sex pairs than we
obsarved was totded and divided by
100,000 to cdculate the probability of
obsarving a more extreme negdive did
digribution by chance.

In addition to separate andyses by
sub-population (STR, upper SAT |, lower
SAT, combined upper and lower SAT), we
combined daa from dl populations to
andyze overdl trends.

Reaults

Of the 80 trees that we censused,
57 were femde (71 %) and 23 were mae
(29 %). The mde to femde ratio was 1
254 and ranged from 1. 1.75t0 1. 12 in
the sub-populaions (Table 1). The
binomid tet showed tha it is vey
improbable that the ratio for the tota census
would be observed by chance in a
population whose sx ratio is 1.1 (P <
0.0001).

The sexes in dl populations were
randomly digtributed (Table 1). Nearest-
neighbors of like sex predominated overdl
as well as in each sub-population but not
more often than expected by chance (Table
1). . Codfficient of segregation vaueswere
closer to 0 than 1 which aso supports the
idea thet the sexes are randomly digtributed
(Table 1). Findly, Monte Carlo
smulaions show tha there is a very high
likeihood of obsarving more unlike sex
pairs in a randomly distributed population
than thisone (Table 1).

Discusson

The censused populaion of N.
psychotrioides is grongly femde-biased.
We found a dronger femde bias than
Wolfe's (1997) sudy. She found the ratio
to be 1 mae : 154 femdes when she
urveyed smilar populetions a La Sdvain



1986-7. Opler and Bawa (1978) date that
femde-biased sex ratios could be caused
by asexud reproduction, gametic sdection,
or differentid mortdity between the sexes.
Asexud reproduction was not alikey cause
for the doserved skewed sex ratio as the
Spatia didributions of the sexes were not
cdumped. Gametic sdection is thought to
be dependent on pollination levels (Opler
and Bawa 1978). To maximize fitness, a
femde recaving a high rae of pallination
may adjust gamete ratios to produce an
excess of femade seeds. Unfortunately, we
were unable to invedtigate pollination rates
or seed production. Differentid mortdity is
ancther posshbility, but investigating this
factor was beyond the scope of this studly.
Wolfe (1997) suggested that the higher rate
of gdl formation on male inflorescences
could be s0 taxing that it puts the mae trees
a a didinct disadvantage and increases
thar mortdity.

The sxes in the censusd
population were randomly digtributed. It
appears that N. psychotrioides does not
show any 9gns of segregdtion, thus it
probably does not have niche differentiation
ather because of 1) amilar physologica or
ecologica requirements for each sex or,
more likely, 2) because the habitat that we
surveyed was uniform.  Both of these
factors should be investigated before any
definite determingtion of lack of sdective
pressures to cause non-random digtribution
isgiven.
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Table 1. Results from tests for spatial segregetion of the sexesin populations of Neea
psychotrioides at La SelvaBiologicd Station, CostaRica Seetext for description of tests

performed.
Population X P S Sexraio  Frequencyof  Monte
Mde Femde samesexpars CaloP
STRn=13 009 09 008 1. 12.0 0.84 0.23
SAT n=67 009 09 043 1. 204 0.58 0.55
Upper SATn=44 005 09 004 1. 175 0.52 0.33
Lower SATn=23 147 05 025 1:.2.83 0.69 0.76

Tota n=80 187 05 015

1.254 0.62 0.71
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Appendix

QBASIC program usd to perform a Monte Carlo smulation to determine if the
number of oppodte sex nearest-neighbor pars was grester than would be expected for a
randomly digributed population. This example of the program was used for the STR
subpopulation. Program code by C. Sak.

500 PRINT RND(1)

510 INPUT a

520 |F a = 3 THEN GOTO 970
530 GOTO 500

970 pval = 0

980 n=0

990 prob =0

1000 n=n+1

1001 ssp =0

1003 PRINT n; "th repetetion"

1005 @Oro 1100

1010 NUA = RND(1)

1020 IF NUA < .923 THEN sex = 1 ELSE sex = 0
1035 REM .923 is probability of plant being female
1040 RETURN

1100 @G0sWB 1010
1110 LET a = sex
1130 @QOsUB 1010
1140 LET b = sex
1150 @QOsWUB 1010
1160 LET ¢ = sex
1170 @QOSUB 1010
1180 LET d = sex
1190 @QOsWUB 1010
1200 LET e = sex
1210 @Q0sWB 1010
1220 LET f = sex
1230 @OsUB 1010
1240 LET g = sex
1250 @QOsUB 1010
1260 LET h = sex
1270 @Q0sUB 1010
1280 LET i = sex
1290 @QOsSUB 1010
1295 LET az = sex
1300 @OsWB 1010
1310 LET aa = sex
1350 @GOsWB 1010
1360 LET ac = sex
1370 @QOsUB 1010
1380 LET ad = sex

11300 LET fenrales =a+b +c+d+e+f +g+h+i +az +aa + ac + ad
11310 |IF females <> 12 THEN 1005

21000 ssp =0
21005 REMssp is the nunber of sane sex pairs
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21010
21020
21030
21040
21050
21060
21070
21080
21090
21091
21092
21094
21095

31499
31500
31505
31510
31520

IFa=DbTHEN ssp =ssp + 1
IFb=aTHENssp =ssp + 1
IFc=Db THEN ssp = ssp + 1
IFd=e THENssp =ssp + 1
IFe=dTHEN ssp = ssp + 1
IFf =e THENssp =ssp + 1
IFg=hTHENssp =ssp + 1
IFh=g9g THENssp =ssp + 1
IFi =az THENssp =ssp + 1
IFaz =i THEN ssp =ssp + 1
IF aa = az THEN ssp = ssp + 1

IF ac = ad THEN ssp = ssp + 1
IF ad = ac THENssp = ssp + 1

PRI NT ssp; "sane sex pairs"

IF ssp < 11 THEN prob = prob + 1

PRI NT prob; "instances of |ess than 11 same sex pairs"
IF n > 99999 THEN GOTO 41600

GOT0O 1000

41600 pval = prob / 100000
41605 PRI NT prob

41610 PRI NT pval

41620 END
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Therole of drip tipsin deaning leef surfaces

Category: Independent Project
Participant: Naamd De Siva
Ste LaSdva
Keywords:

runoff
Introduction

Drip tips, or the dongated gpexes
of leaves, are virtudly ubiquitous in wet
lowland and lower montane tropica foredts,
but are far less common in drier or cooler
ecosysdems.  Drip tips reach ther pesk
abundance, diversty, and length in
ranfores undergrowth. Because of this
digribution, it has often been suggested thet
drip tips function in speeding and incressing
weater runoff from lesf surfaces. Whilethere
has been a great ded of speculation and
controversy in popular and sdientific
literature on the role of drip tips, there have
been few experimentd dudies on the
function of drip tips (Dean and Smith
1978).

One of the mogt important functions
of drip tips may be to chahnd ranwater
from leaf surfaces, which can hep remove
debris,  epiphyllae  (epiphytes on  living
leaves), and fungi from lesf surfaces
(Jungner 1891). In the humid environment
of the ran foret, a wide vaiey of
microepiphytes are abundant on living and
dead plant materid. Heavy rainfdl and high
biologicd productivity result in leef litter
fdling onto lesf surfaces soil can dso
gplash up from the ground. These materids
could reduce the photasynthetic capability
of ran fores plants or fadilitate colonization
by paradtic epiphytes and fungi. Aslong
asranfdl drains rgpidly off leaf surfaces, it

colonization, drip tip, epiphyllae, lesf structure lesf surface, rain forest, water

could keep leaves rddivey free of these
substances.

In my dudy, | tested the hypothesis
that drip tips can prevent or reduce the
accumulation of epiphyllae, fungi, and
debris on lesf surfaces | dso tested
whether the type of cover varied dueto the
presence or absence of drip tips. Findly, |
tested the assumption that the presence of a
drip tip improves drainage of water from
leef surfaces, Snce thiswas the basis for my
hypothess on the function of drip tips in
cdeansng lesf surfaces.

Methods

| conducted my sudy between
November 23 and December 4, 1998, in
secondary growth rainforest & La Sdva
biologicd fidd gation, in Sargpiqui, Codta
Rica La Sdvaliesin the northern Atlantic
lowlands of Codta Rica, and receves
goproximately 4,000 mm of ran annudly. |
used 28 undergtory plants representing
severd spedies, dl of which were woody
dhrubs or sgolings.  All sudy plants hed
ample leaves with entire magins and
prominent drip tips (Figure 1). All leaves
were dmilar in texture, shape Sze
thickness, glossness, and vendtion. The
older leaves on the sudy plants dl had
some coverage by microepiphytes  To
control for leef age, and to use leaves free
of epiphyllag, | used the youngest fully
expanded leaves on each branch.
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After locaing and tagging the
plants, | chose triplets of leaves, each of
which received one of 3 treetments (Figure
13): 1) removd of drip tips, leaving amooth,
rounded leaf gpices, 2) apices of leaves cut
to resemble intact drip tips (to control for
the effects of cutting), or 3) unmanipulated
leaves. | cut the drip tips of the modified
leaves s0 that they were goproximatdy the
sane length as the drip tips on
unmanipulated leaves On eech plat, |
used ether 3 or 6 leaves, depending on the
avalability of dean, fully expanded leaves.
| used a tota of 120 leaves, 40 of each
trestment, on the 28 plants. For each ledf, |
recorded messurements of leaf length,
meaximum leaf width, and drip tip length. |
meesured drip tip length as the digance
from aledf width of 1 cm to the gpex of the
leef (Figure 1a).

On December 1 ad 2
aoproximately 1 week after | st up the
experiment, | recorded the amounts of
accumulated substances on each of the
leaves. | used a headlamp to examine the
leaves, snce the rainforest understory is
dways dimly lit. | dasdfied the materids
found on the leaf surfaces into the following
caegories 1) epiphyllae  (lichens
bryophytes, and dgee), 2) fungi, and 3)
debris (soil particles, ledf litter, and eggs).
To edimate cover, | placed a transparent
plagtic sheet with a 5x5 mm grid of squares
on each leaf, and counted the number of
uares containing epiphyllae, fungi, or
debris. | edimated totd lesf area by
counting the tota number of squares that
were a least hdf filled with legf sirface. |
aso noted the location and extent (high or
low) of lesf damege due to herbivory,
branch fal, and other factors.

Because of variation in lesf ares, |
usad the measurements of the total number

of squares per leaf and of the number of
squares of each type of cover to cdculate
% cover by type. | divided the number of
uares containing epiphyllae, fungi, or
debris by the totd number of squares per
lesf. To cdculate totd % cover, | added
the vaues for the three types of cover and
divided the resulting vaue by the totd
number of squares per ledf.

In addition, | recorded the angle of
the drip tip, the angle of the leef from base
to gpex, and the angle of the leef from Sde
to sde. | used approximate categories of
30, 60, and 90 degrees from the plane of
the ground.

On December 4, | tested the
hypothess that the presence of a drip tip
increeses water drainege from the ledf
aurface. For this test, | used 10 leaves of
eech treetment collected from 7 plants
randomly sdected from the origind sample
of 28. In the lab, | removed the leaves
from their branches and stuck the petiole of
eech leef into a base of molding day, 0
that the blades were horizontd. After the
lesf surfeces dried, | smulated light rain by
dripping 5ml of water onto each leaf surface
usng a pipette, usng 20-30 seconds to
digtribute the 5 ml over each leaf. | caught
and measured the water thet ran off the lesf
with a 10 ml graduated cylinder.

| conducted dl datidicd andyses
usng IMP 322 (Sdl and Lehman, 1996).
| conducted a series of 2way ANOVAS,
and used parwise contras comparison
teds to compare tresiment means. To
compare totd % cover, | conducted a 2
way ANOVA induding plant and trestment
as effects. | adso used 2way ANOVAS
each type of cover, with plant and treatment
as effects. To test for varigion due to leaf
damage, | used a 2-way ANOVA
comparing tota % cover, with treatment



and % damege as effects | did not
ddidicdly andyze vaiaion due to leef
angle because of difficulties in collecting
quantitative data (see Results). For the
water dranage expeiment, phenotypic
vaiaion among plants and differences in
lesf Sze could affect the amount of water
retained on leaves. Therefore, | used a 3
way ANOVAs compaing ml of waer
runoff, using trestment, plant, and lesf area
aseffects.

Results

There was dbundant daly ranfal
from November 23 through December 4.
Fung and epiphyllae rapidly colonized 4l
leaves in the sudy. | obsarved visble
amounts of colonization on November 30.
However, even when | recorded
measurements of % cover on December 1
and 2, dl fung and epiphyllae were amdl
and did not cover much of the lesf area
Colonization by fungi was mog rapid and
widesporead, both within and  between
leaves, with a mean (S.E.) of 15.8 (1.3) %
cover over dl three treatments The
prevaent type of fungi took the form of
smdl black spots. These spots could be
found anywhere on the lesf surface, but
were usudly concentrated dong the mid-
van, a the base of the leaf (near the
petiole), and dong the drip tip. Epiphyllae
were less common, with a mean (SE.) of
6.3 (1.3) % cover over dl three trestments.
The mog common epiphyllae were white,
gray-white, or greenish white foliose
lichens, bryophytes were dso occasondly
present. All epiphyllae were located to
gther 9de of the mid-ven, awvay from both
the leef base and the drip tip. Overdl, there
was not much debris on any of the leaves,
with a mean (SE.) of 2.6 (0.5 % cover
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across trestments. Debris usudly consisted
of samal dead lesflets and soil particles.

Leaves with cut off drip tips had a
ggnificantly higher mean totd % cover then
the other 2 treetments (Table 1, 2). Leaves
with modified drip tips had a dightly lower
mean % totd cover than unmanipulated
leaves, but this was not a dgnificant
difference (Table 1). Leaves with cut off
drip tips dso hed a higher mean % cover of
fug (F2 90 = 7.9, P =0.0007, Table 1)
than leaves of the other treetments, in spite
of dgnificant variation among plants (F27, o0
= 3.7, P < 00001). There was no
difference in % cover by epiphyllae anong
treatments ¢, 0 = 2.2, P = 0.11, Table
1), but there was sgnificant variation among
plants F27 o0 = 1.9, P = 0.02). Smilaly,
while there was no difference in % cover by
debris among treatments (F, o0 = 1.3, P =
029, Table 1), thee was ggnificant
variaion among plants (Fz7, 00 = 4.1, P <
0.0001).

There were vary low levels of ledf
damage during the week among leaves of
al 3 tretments, with only 16 of the 120
leaves (13 %) experiencing low leves of
damage, and 4 leaves (3%) experiencing
high levels of damage. | found no Sgnificant
vaidion in totd % cover due to ledf
damage (Fzy us=03,P= 077)

Leaf angle was somewhat congtant
among leaves of dl trestments. Mogt plants
hold their leaves horizonta in order to
maximize light absorption. However, the
angle of light hitting individud leaves can
vay due to interference by other foliage,
causng minor leaf angle differences among
leaves. It was very difficult to take ledf
angle messurementsin the fidd to any ussful
degree of accuracy because the leaf surface
tited in many drettions and in 3
dimendons.  Of the 120 leaves, 61 hed
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ther leaves horizonta. However, only 27
of these leaves dso hdd thar drip tips a a
90° angle from the re of the ledf, and did
not tilt to the Sdes at dl.

In the experiment comparing water
dranage, leaves with drip tips cut off
retained a ggnificantly higher amount of
water than the other 2 trestments (Table 1,
3). Modified drip tips retained dightly less
water than unmeanipulated drip tips, though
this difference was not Sgnificant (Table 1).
Modified and unmanipulated drip tips did
not differ water in levels of runoff (Table 1).

Discusson

Ovedl, thee findings supported
my hypothess that drip tips serve to reduce
the accumulaion of fungi, epiphyllae, and
debris by increedng lef dranage.  This
contradicts findings by Stahl (1893), Shreve
(1914), and Seybold (1957), who argued
that variaion in accumulation of epiphyllae
and debris was due entirdy to microclimatic
vaiaion among plants Even dter
contralling for varigion among plants, |
found thet drip tips dgnificantly reduce the
chances of leaf surface colonization by
fungi, and dso improve water drainage.

Although % cover by fung wes
sgnificantly lower on leaves with drip tips |
found no differences in % coverage by
epiphyllae. It is possble that epiphyllae
were less redricted than fungi by the
amount of water retained on the lesf
auface  The water runoff experiment
demondrated that more weter is retained
on the surfaces of leaves without drip tips.
Leaves without drip tips had higher rates of
colonization by fungi. In addition, fung
were uudly regtricted to the mid-ven, lesf
base, and drip tip. In both the fidd and the
lab, | observed that these are the aress of
the leaf surface that retain the most water

and take the longest to dry. Therefore,
fungi, which seem very dependent on large,
congtant amounts of water, are nore likey
to colonize leaves without drip tips
Epiphyllae, which were dmogt  dways
found on parts of the leef surface thet retain
less water (i.e the ddes, away from main
veins, the leaf base, and the gpex), are
probably independent of, or less dependent
on retention of water on lesf surfaces
Thee epiphyllae grow in an extremdy
humid, rainy environment, and thus may not
need require as much water as fungi. This
would account for the dudies of Stahl
(1893), Shreve (1914), and Seybold
(21957), who found that the presence or
absence of drip tips on leaves had no effect
on colonization by epiphyllae.

Also, the accumulation of debrisdid
not vary by trestment. The added shesting
action of water due to the presence of a
drip tip may not be enough to remove
debris with large particle 9ze, such as ledf
litter.

| found lesf damage due to
herbivory or other factors on few leaves. In
the fidd, | obsarved that low leves of
damage did not seem to have an effect on
ether colonization by epiphyllae and fung,
or on the accumulaion of debris By
contragt, high amounts of damage appeared
to greatly increese colonization by both
fungi and epiphyllae. However, because
only 3% of the leaves had high levels of legf
damege, it is difficult to generdize about
possible effects lesf damage on colonization
by fung and epiphyllae without further
research. Furthermore, it islikdly that there
would be different effects due to differences
in the location and type of damage.

Lef angle could cause lage
amounts of vaidion in % cover. A ledf
held perpendicular to the ground would not



retain much water on its surface regardiess
of the presence of a drip tip. However, in
this sudy, the ssemingly low leves of
vaidion in lef angle were difficult to
measure quantitetively.

Though the modified drip tip and
the unmanipulated drip tip trestments were
datidicaly not different, totd % cover and
% cover by type were lowes on the
modified leaves Smilaly, the modified
drip tip and unmanipulaed drip tip
trestments did not differ atidicaly in the
water drainage experiment, but the modified
drip tip leaves retained dightly lessweater on
average than the leaves with unmanipul ated
drip tips. These trends support the idea
that the modified drip tips were more
effective in  preventing or reducng
colonization by fungi then are intact drip
tips. Inthefidd, and in the lab experimert,
| observed that the modified drip tips were
dways draight, while the intact drip tips
sometimes curved or twisted. It would be
interesting to invedtigate the effects of drip
tip twigting and curling further using both the
% cover and the water dranage
experiments, and comparing only modified
drip tipsand intact drip tips.
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Table 1. Means(S. E.) for tota % cover, % cover by type, water drainage, and leaf damage
for three trestments testing the effects of drip tips on the accumulation of fungi, epiphyllae, and
debrison lesf surfaces. Meanswith the same |etters are not Sgnificantly different a a = 0.05
by apaired contrast comparison test. See methods of a description of the trestments.

Unmanipulated Modified drip tip Cut off drip tip

% cover 0.22(0.020) b 0.20(0.020) b 0.32(0.020) a
% fungus 0.14(0.017) b 0.11(0.017)b 0.20(0.017) a

% epiphyllae 0.04(0.014) a 0.07(0.014) a 0.08(0.014) a

% debris 0.03 (0.006) a 0.02 (0.006) a 0.04 (0.006) a
water runoff 4.78(0.044) b 4.82(0.044) b 4.60 (0.044)a
Ledf damage 0.23(0.038) a 0.21(0.038) a 0.33(0.038) a

Table 2. Reaults of a 2way ANOVA tedting differences in total % cover by epiphyllag, fungi,
and debris on the surfaces of leaves with cut off, modified, and unmodified drip tips; trestment
and plant wereincluded as effects.

Source DF SS MS F P

Modd 29 2.49 0.09 5.6 <0.0001
Treatment 2 0.36 11.6 <0.0001
Pant 27 214 5.1 <0.0001

Error 90 1.38 0.02

Totd 119 3.07

Table 3. Reaults of a 3way ANOVA comparing differences in water runoff cgptured (in ml)
from the surfaces of leaves with cut off, modified, and unmodified drip tips, treetment and plant
were included as effects.

Source DF SS MS F P

Modd 9 0.4 0.0 2.6 0.03
Treatment 2 0.3 6.9 0.01
Pant 6 0.2 1.5 0.23
Leaf Area 1 0.0 0.1 0.76

Error 20 0.4 0.0

Totd 29 0.8
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Fgure 1. A) Genard ledf shgpe used, illudrating the three different trestments, where a= uncut
drip tip, b = experimentaly modified drip tip, and ¢ = drip tip experimentdly removed. B)
Generd ledf shepe usd, illudtrating usud locations of colonization by epiphyllae and fungi.
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Effects of defecation srategy upon soil composition and dung vistation

Category: Independent Research
Paticipants.  Brad Feldman
Ste LaSdva

Key Words.  Bradypus variegatus, defecation strategy, dung vigtation, soil compostion

[ntroduction

In  tropicd lowland foreds
mammadian dung is a nutrient-rich, limiting
resource subject to fierce competition by
dung bedtles and flies (Sherman 1993).
Although Janzen (1983) has dressed the
vaue of sudying patterns of dung input and
upteke, these essentid interactions have
recaved minima atention in the tropics
Input of mammdian dung into ecosysems
occurs via a variety of defecation Srategies.
For example, a common primate defecation
drategy (PDS) is to defecate from tree
branches. This often cregtes the piles of
dung on the forest floor as seen in aress of
high primate dengty (Janzen 1983). In
contradt, a feline defecation drategy (FDS)
typicdly involves the burying of feces
beneeth dirt kicked up by the fding s hind

legs (Deinert pers. comm.).
Perhgos mogt  intriguing is the
defecation  draegy of  Bradypus

variegatus (SDS), the threetoed doth.
Exdusvely an arbored species, three-toed
doths descend to the forest floor about
once a week to defecae. Prior to
defecation, doths dig a smdl hdle in the
ground with ther tall. The feces are then
depogited in this depression, urinated upon,
and covered with leaves. This process
takes nearly 30 minutes but represents a
subgantid risk to doths Soths are well
camouflaged in the trees where they ae
normaly found but are exposed to a variety
of predators on the ground. The foremost

explanation for ground defecetion is that it
evolved to ncrease the nutrient supply to
trees on which doths feed (Montgomery

1983). Thus, through its defecation Srategy
doths increase the productivity of the trees
from which it prefes to feed. This
hypothes's assumes that buried doth feces
will  undergo  what Montgomery and
Sunquist  (1975) described a  dow
decompogtion, wherein - ol nutrient
absorption is abnormdly high.

This sudy examined the effects of
the PDS, FDS, and SDS upon soil
compostion and insect vigtation to dung. |
hypothesized that feces depodted usng a
SDS would increase the nutrient content of
the soil more than feces deposted using
gther the FDS or PDS. | further predicted
that dung vigtation would be grestest for
feces deposted via a PDS and least for
feces deposted viaa SDS. Thisprediction
was based on the assumption that it is
difficult to locate and consume feces that
are hidden beneath leaves or dirt. Urine
may act to further decrease insect vigtation
by creeting an environment around the feces
which is dther toxic or impenetrable to
insects. Although it is possble that microbid
consumption of feces may increase bdow
ground, | assume that this consumption is
negligible in comparison to the consumption
by insects.  Feces above ground should be
eades to find and consume. In developing
a second prediction | made the assumption
tha dung vigtaion mirrored dung



consumption. Therefore, due to alow leve
of consumption, the soil beneeth feces of a
SDS would absorb a greater amount of
fecd nutrients then the soil bdow feces of
ether aFDS or PDS,

Methods

| conducted this dudy from
November 18 to December 2 1998 & La
Sdva Biologicd Sation, Coda Rica Sx
Stes in the secondary forest were sdected
for ease of obsarvation. At each Ste three
points on the fores floor separated by
agoproximately 1m were sdlected for fecd
decompogtion. Immediatdy adjacent to dl
sdected fecd depogtion points (DPs) |
took soil samples from a depth of 5cm to
10cm below the ground.

| ussd exdusvdy human dung
collected within 30 minutes prior to dung
placement. Each fecd sample was
patitioned into three pieces of 15c™ an
abitrary volume resulting from limited dung
avaldbdlity. The remaning dung was
discaded. | imitated a PDS by samply
placing a piece of dung above the ground.
In order to mimic aFDS | placed a piece of
dung above the ground but then covered it
with a 20cnT piece of mesh. This mesh was
then covered with athin layer of soil. Mesh
was used as a device to fadlitate spot
check obsarvations of the buried dung
folowing dung placement. For the SDS
imitation a rectangular hole with a 56cnt
area was dug 10cm deep into the ground.
Next | placed the dung in the hole, urinated
upon it & full stream for 10 s, and covered
it with 56 leaves The actud doth
defecation drategy has not been described
in detall, therefore hole Sze, urine volume,
dung volume, and lesf number, were dl best
goproximdions  from  the  literaure
previoudy cited.

13¢

Over the course of gx different
days | recorded insect vigtaion a d9x
different dtes On a dnge day dl
observations were made a a sngle gte. At
eech Ste | observed insect vigtation to dung
of each of the defecation Strategies, PDS,
FDS, and SDS. Dung of an individud
defecation strategy was observed for 63.5
minutes. The sequence in which | deposited
and observed dung of different defecation
drategies was vaied over the Sx days
These sequentid observation periods were
divided into 7 consecutive time intervals of
the following duration (in seconds): 30, 60,
120, 240, 480, 960, 1920. At the
termination of each interva | counted the
number of dung vigtors and then noted the
Species of thee vigtors,

| creted the fdlowing five
caegories to fadlitate insect vigtaion
comparisons.

Recruitment Time (RT)- time  eagpsed
before the firg insect was seen on the dung
during aspot check

Foraging Effort (FE)- sum tota of vigtors
talied during oot checks

Species Richness (SR)- totd number of
different morphospecies of vistors over the
7 spot checks

Average Diverdty (AD)- mean number of
morphospecies found a individud spot
checks

Consumption Capacity (CC) highest
number of vigtors found on dung over the 7
spot checks.

Reaults from these caegories provide a
gened picture of the actud number,
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potentiad number, and diversty of insect
vigtor to feces of the three defecation
drategies.

Ffteen s0il samples taken from a depth of
5m to 10cm bdow each DP were
collected 3-7 days dfter the fira fifteen
feces were deposted. The vaidion in
collection time was purposeful because |
did not know what amount of time would
be mog indicative of fecd nutrient effects
upon the soil. Soil from below the DPs of
an individua dte was dways collected on
the same day. Time condrants did not
dlow me to collect il samples from the
gxth trid. | andyzed the anmmonium and
phosphate content of al soil samples usang
protocols from Tropical Soil Biology and
Fertility: A Handbook of Methods
(Anderson 1989). Ammonium  and
phosphate were chosen because they are
essentid nutrients for plant growth. Time
condraints did not dlow me to andyze dl
other essetid nutrients in the oll. |
cdculaed the percent change in soil
compostion for ammonium and nitrogen.
This was done by subtracting the initid soil
concentration from the find concentration,
dividing this difference by the absolute value
of the initid concentration, and then
multiplying this quotient by 100.

The JMP progran was used to
andyze d| data (Sdl 1996). A Chi-Squared
goproximation of a Kruskd-Walis was
used to establish differences amongs the
three defecation drategies in both the
aforementioned vigtation categories and the
percent soil compodtion changes A
Turkey-Kramer  tex  of  multiple
comparisons was used in order to establish
differences between individud defecation
drategies.

Reaults

| found dgnificant differences in
Foraging Effort, Species Richness, Average
Divasty and Consumption Cgpacity
between the three srategies. No difference
was found in Recruitment Time between
drategies (Table 1). The Species Richness
of SDSwas less than that of both FDS and
PDS. However, there were no differences
between SDS and FDS in FE, AD, or CC.
Both SDS and FDS were different from
PDSin FE, AD, and CC (Table 2).

No ggnificant differences were
found between the Strategies in percent soil
composition changes of either ammonium or
phosphate content (Table 3). The means
and dandard deviaions for percent soil
compogtion change are given in Table 4.
While no datidicd differences were found
between SDS and PDS in percent
compostion change, the percent phosphate
change of SDS was on average nearly ten
times the percent phosphate change of
PDS. Further, the mean percent ammonium
change of SDS was roughly three times the
mean percent ammonium change of PDS,

Severd  morphospedies, induding
al observed beetles and ants, were never
Seen vidting the dung of the SDS. At the Sx
gtes the totd number of different
morphospecies seen on the feces of the
PDS, FDS, and SDS varied. This variaion
isillugrated in Teble 5.

Discusson

The hypothess that a doth
defecation drategy would increese ol
nutrient absorption  more  than  other
defecation strategies was not supported by
the collected data Therefore, this study
does not support Montgomery’s dow
decompostion hypothess. An  dternate
hypothess may be tha the doth performs
this intricate defecation rategy in order to



decrease predation by diminishing its fecd
sat. Fdines animds with a wdl-
developed sense of amdl, are cgpable of
climbing trees and can occasondly predate
doths (Denat pes  comm.). This
dternative hypothesisis should be examined
further.

Clearly both the fdine and doth
defecation Srategies decrease the diversity
and number of insect vigtors redive to the
primate defecation srategy. There was aso
a decrese in totd number of
morphospecies seen on the dung of the
SDS as compared to the dung of the FDS
and the PDS The dfects of these
decresses  in vidtation on  insect
reproductive success and insect resource
competition have not been examined.
Further, the differences found for dung
insect vigtation between FDS and SDS are
not adequate to support the hypothes's that
a SDS aubdantidly decreases insect
vigtation.

Future dudies should congder
examining a lager sample sze for more
thorough comparison. The grestest
increases  in percent ol composition
change were found in soil samples collected
five days dter fecd depogtion. This
indicates that when collections must be
mede with aweek of fecd depogtion, afive
day period is optima for fecd nutrient
leskage into the soil. To most accurady
characterize nutrient flow from dung, future
dudies should condder collecting dl
samplesfive days after deposition.

It remains certain that threetoed
doths undergo a condderddle risk in
implementing their defecation srategy. The
hypothess thet this drategy is enacted in
order to differentidly support the growth of
trees from which the doth feeds is not
supported by this paper. The other current
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hypothesis, which suggests thet this Srategy
Is used to decrease predation on the doth,
IS somewhat paradoxicd in that the doth
must descend to the ground in order to
avod wha ae pimaily teredrid
predators. Noting that the doth's dung is
home to many specidized insect larvee
(Montgomery 1983), | propose a new
hypothesis. Perhgps the doth has evolved
its defecation Srategy as away to diminish
the number of insect lavee that can
successfully paradtize the doth. The firg
assumption of this hypothesis is that the
insects living on doths paragtize them. An
individual doth can be found with as many
as 900 beetles on its coat, as well as mites
and the Pyrdid moth, or doth moth
(Montgomery 1983). Further dudies are
needed to examine the parastic cods of
these numerous insects on the doth. Thellife
cyde of these potentidly paragtic insects
involves firg ovipogting in the doth's dung,
and then living on the doth as an adult
(Montgomery 1983). By uringting on its
feces it is possble that the doth creates an
environment in which insect lavee ae
incgpable of growing. In this sudy beetles
were never seen on the dung of the SDS.
This supports the idea thet urine may creste
a toxic environment for some species
Further, by covering its buried feces with
leaves a doth may decrease the likdihood
thet rain will dilute the doth's wrine This
hypothesis would be difficult to prove, but
initid examination would involve teging the
aoility of lavee to survive the hash
environment created by thedoth’surine,
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Table 1: Reswits from a c? approximation of a Kruskal-Wallis test comparing Recruitment Time
(RT), Foraging Effort (FE), Species Richness (SR), Average Diversity (AD), and Consumption
Capacity (CC) among the three defecation Srategies (Primate, Feling, Soth)

Category c? df. P

RT 10.819 2 0.0045
FE 13.203 2 0.0014
SR 7.799 2 0.0202
AD 12.682 2 0.0018
CcC 10.529 2 0.0052

Table 2. Means (SE.) of foraging effort (see text), insect species richness, average insect
Species diveraty, and consumption capacity (seetext) at three experimenta defecation
drategies. PDS = Primate Defecation Strategy; FDS = Feline Defecation Strategy, SDS =
Soth Defecation Strategy. Means with the same | etter are not Sgnificantly different at = 0.05
by a Tukey-Kramer HSD test comparing defecation Srategies.

DS DS DS

Foraging Effort (n=6) 45333 (5.226)a 11.667 (3.827)b  2.667 (1.229)b
Spedies Richness (n=6) 4333(0.494a  3.167(0.703)a  1.500 (0.500)b
Average Diversity (n=6) 2286(0.188)a  0.810(0.20L)b  0.357 (0.164)b
Consumption Capacity (=6)  13.667 (1.820)a  4.833(L195)b  2.500 (1.522)b
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Teble 3: Results from a c? goproximation of a Kruskal-Wallis test comparing percert soil
ammonium and phosphate change among the Primate Defecation Strategy (PDS), Feline
Defecation Strategy (FDS), and Soth Defecation Strategy (SDS).

Category c? df. P
Ammonium 1.3400 2 0.5117
Phosphate 3.500 2 0.1738

Table 4: Means and sandard deviations of % ammonium and phosphate change for the primate
defecetion drategy (PDS), feline defecation strategy (FDS), and doth defecation srategy
(SDS). (n=H)

Defecation Strategy % Phosphate Change % Ammonium Change

PDS 538.45 (870.10) 339,61 (364.50)
DS -231.74(529.04) 381.80 (621.95)
DS 4922.40 (8715.66) 1019.36 (1856.31)

Table 5: Ins=ct vigtation to the Primate Defecation Strategy (PDS), Feline Defecation Strategy
(FDS), and Soth Defecation Strategy (SDS).. An X signifies thet the insect was observed on
the feces of the defecation Srategy.

Identification PDS FDS
Sarcophagidee X
Cdliphoridae/metdlic
Cdliphoridag/black
Muscidee

Sepsidae

Smdl Black Bedtle
Large Black Beetle
Black Ant

X X X X X X
X X X X >
> ><><><E9
wn

X
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Wimps or weight-lifters an examination of foraging efficiency in Atta cephal otes

Category: Independent Project
Participants.
Ste LaSdva
Key words:

[ntroduction

A wak through the ranfores
adways reveds atrall of countless numbers
of leaf-cutter ants darting across the path.
It is difficult to pass them without becoming
increesingly curious about their foraging
activities. Led-cutter ants of the genus
Atta cut 12-17% of tota leaf production
from tropicd forests (Cherrett 1986). They
bring this vegetation back to their nests to
culture fungus to use asfood for ther larvae
(Holldobler 1990). Upon closer ingpection
of these ants, one may notice a wide range
in worker Sze, leef fragment Sze and oeed
of the workers. Larger ants are associated
with quicker foraging (Cherrett 1986).
Larger ants are dso postively corrdaed
with carrying larger leef loads and are
corrdlated with a higher maintenance cost
(Futuyma et a. 1990). These observations
led us to quedion the foraging drategy of
Atta workers. Are larger ants the most
effident foragers? How much does the cost
of nutrition change this effidency? One
would predict thet evolutionary forces have
sected for the individud ant morphology
and behavior that would dlow the greatest
amount of biomass to be brought into the
colony in the gmdlet amount of time
Individud ants must carry leef fragments of
a gze that will optimize therr foraging
effidency in light of the ant’s own nutritiond
cod. In this sudy, we will examine this
issue of foraging efficiency.

Krigen Ford and Andrew Knall

Ant morphology, Atta, foraging behavior, |eaf-cutter ants

We determined ant Szes, leaf 922
and the speed a which ants were returning
to the colony with ther fragments. With this
data, we examined the rdaionship between
ant Sze dass and foraging efficiency, which
we defined as the amount of biomass
carried into the colony over agiven distance
per unit ime.  To take this measure of
efficiency a gep further, we cdculated the
net energetic yidd of each ant, which isthe
effidency of the individud per nutritiond
cod to ¢ if this measure differed among
different ant Sze dasses. We hypothesized
that larger ants would demondrate higher
foraging efficiency because they should be
able to cary heavier loads at a fader
goeed. We dso predicted that the net
enagetic yidd would be smilar among the
different sze classes because this measure
would teke into account the higher
nutritiona codts of the larger workers.

Methods

We conducted our experiment on
December 2 and 3, 1998 a La Sdva
Biologicd Saion in Coda Rica We
examined a colony of Atta cephalotes to
the right of the bike path near the vigtor's
center. We chose this colony because the
ants paths to the colony were well defined
and we could easly determine a 1 meter
section over which to track the ants. We
fird measured the ants' trave time over this
one-meter pah to the nearet one
hundredth of a second. The 100 study ants



were chosen a random. After determining
this velocity, we placed the ants and their
lesf fragment in ajar and froze them <o that
we could measure leaf mass, ant mass and
head width for each ant. We measured
mases to the nearet 0.0001 g We
measured head width to the nearest 0.01
mm with an ocular micrometer. We used
leef mass and ant veocity to obtan an
effidency vdue for eech ant usng the
equation:

Effidency = leaf massx velocity.

We used head width to determine
the nutritiona cost to the colony of each ant
using the fallowing modified verson of the
equation presented in Futuyma e d.
(1990).

Nutritional cost = (head width) 2.

We modified the origind by
subdtituting heed width for body length.
Thee messures are drongly pogtivey
correlated (Deinert perscomm.).

Net energetic yield was cdculated as

Ene = efficiency/nutritional cost

To compare the foraging efficency
of different at szes we divided the ants
into three Sze dasses by thar masses <
0.004 g, 0.0041 g0.0057 g, >0.0057 g.
We a0 divided the lesf masses into two
gze dases < 0.0107 g and > 0.0107 g.
These categories were  determined
arbitrarily based on our normdly distributed
data. For the ant mass divisons we
divided the number of individuds by three
and used the mass of the lagt individud in
eech group. For leaf mass we divided the
classes a the median mass. These divisons
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dlowed us to form g9x ant dassficaions
andl ats carying lage and smdl leaves,
medium ants carrying large and samdl leaves
ad lage aits carying lage and smdl
leaves.

We paformed a chi square andyss
to determine which gzed ants caried
different Szed leaves. We usad a one-way
ANOVA to dgermine if a dgnificat
difference in efficiency existed between the
different ant categories We used the
Tukey-Kramer test of multiple comparisons
to compare the mean efficiency of each
category with each of the others. We used
a one-way ANOVA to degemine if a
ggnificant difference in net energdtic yidd
existed between the different ant categories
We used the Tukey-Kramer test of multiple
comparisons to compare the mean net
energetic yield of each category with each
of the others (SAS Inditute 1996).

Results

Our data reveded that in generd,
ats tended to cary ledf fragments
proportiond to their size € 2= 6.71, df =
2, P < 005. Ou data reveded a
ggnificant difference in ant velodities among
the different ant 9ze categories (Table 1).
Meaen veocties were higher for ants
carying sSmdl leaves than for ants carrying
large leaves and were higher for large ants
than for smal ants (Table 2). We found a
sgnificant difference among ant types with
repect to efficency (Table 3). Mean
efidencies were higher for ants carrying
large leaves than for ants carrying smadl
leaves and were higher for large ants than
for andl ants (Table 4). We found a
ggnificant difference among ant types with
respect to net energetic yied (Table 5). A
ggnificant difference in mean net enargetic
yield was found between smdl ants carrying
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amd| leaves and smdl, medium and large
aits carying lage leaves  Sgnificat
differencesin mean net energetic yidd were
not found between the other ant categories
(Table 6).

Discusson

We predicted thet individud ants
would tend to carry leef fragments of asze
thet will optimize their foraging effidency in
light of the ant’s own nutritiond cos. Many
dudies have found a drong podtive
corrdation between the sze of the ant and
the gze of their leaf load (Futuyma 1990).
Large ants mudt carry loads that are large
enough 0 tha ther effidency is not
hindered by their higher nutritional cogs. In
addition, before looking a efficiency, we
wanted to see which ants foraged & a
quicker pace. Our results showed that
larger ants moved fader than smdler ants.
Perhaps this energy expenditure will lead to
a higher nutritiona codt for larger ants than
for smdler ants snce workers expend up to
seven times more energy while running than
whileresting (Nidlsen et d. 1982).

Snce larger ants in generd carried
larger leaves than amdler ants and dnce
larger ants forage a a higher velocity than
amdler ants we would expect larger ants to
demondtrate higher efidency then amdler
ones. The one-way ANOVA confirmed
this prediction. Thisfinding leads us to ask
an important question. If larger workers
are more efficient foragers, then why does
such arange of Sze dasses exist? It would
seem that the colony would have evolved to
only produce larger ants.

We explored two posshilities to
answver this quesion. One idea is that
among one ant Sze dass veocty may
decrease as mass of leaf load incresses.
The larger leef loads carried by larger ants

may contribute to decreesng ther
efficdency. Our datareved though thet this
is not the case. No sgnificant difference
exigs between the velocity of ants of one
gze dass carying lage and smdl lesf
loads.

The other posshility isto add in tre
cog of nutrition as a factor to the efficiency
measure because we believed that the
larger ants may bring more biomassinto the
colony, but would cost more for the colony
to mantan. We hypotheszed that the
ggnificant differences that exised between
ant types with respect to efficiency would
not exist with respect to net energetic yidd.
For the most part our data reveded this to
be true  The only at dass tha
demondraed a ggnificantly lower net
energetic yidd then the other classes was
grall ants carying smdl leaves Even
though they have a low nutritiond cod to
the colony, they are not bringing in enough
biomass in a quick enough amount of time
to maich the net energetic yield of the other
workers.  Perhaps these ants would be
better suited to work in another aspect of
colony life. However, Sgnificant differences
did not exig in net energetic yiedd among
any of the other sSzedasses. The amdl ants
carying lage loads and medium ants
carying smdl and large loads are making
an aua contribution to the colony. The
gndler ants contribution is goproximate to
the large ants snce larger ants have a higher
nutritiond cog then they do. This is an
important finding because it helpsto explain
why the colony produces a wide Size range
of ant 9zes

There ae further aspects of
foraging behavior that would be interesting
to explore. We did not measure cuiting
time or obsarve cutting behavior, which
could have affected our observed measures



of efficency. We dso did not account for
the qudity of the lesf fragments Our
assumption was tha more biomass was
more beneficd to the colony without
examining the qudity of the different Szed
leaves.
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Table1l. Summary of ANOVA datidics for ant velocity among various ant-types

Source DF Sumof Squaes Mean Square F
Mode 5 0.00124 0.000248 8.2708
Error 94 0.00282 0.000030 P<.0001
C Totd 99 0.00405 0.000041
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Table 2. Mean veocity (meters/second) of various ant-types.

Art-Type (n) Mean* Sd Error

Large ant, large ledf (23) 0.0285 ab 0.01681
Largeant, smal leaf (11) 0.0336 a 0.02431
Medium ant, large leef (15) 0.0250 bc 0.02082
Medium ant, smdl lesef  (19) 0.0310 a 0.01850
Smdl at, largelesf (12) 0.0225 ¢ 0.02328
Smdl at, andl ledf (20) 0.0245 bc 0.01803

"Meansfollowed by the same letter are not significantly different ata = .05 based upon the
Tukey-Kramer HSD Test of Multiple Comparisons.

Table3. Summary of ANOVA datidics for efficdency anong various ant-types.

Source DF  Sum of Squares Mean Square F
Mode 5 1.410 0.282 29.3571
Error 9 0.903 0.00961 P<.0001
CTotd 99 2.313 0.0234

Table4. Mean efficiency (gram* meters/second) of the various ant-types.

Art-Type (n) Mean Std Error

Large at, large leef (23) 04832 a 0.02044
Large ant, small lef (11) 0.2768 bc 0.02955
Megium ant, largelegf (15) 0.3485 b 0.02531
Medium ant, smdl leef (19) 0.2389 ¢ 0.02249
Smdl ant, lagelesf (12) 0.3226 bc 0.02830
Sl ant, sl lesf (20) 01383 d 0.02192

"Meansfollowed by the same letter are not significantly different ata = .05 based upon the
Tukey-Kramer HSD Test of Multiple Comparisons.

Table5. Summary of ANOVA ddidicsfor net energy yidd among various ant-types.

Source DF Sum of Squares Mean Square F

Modd 5 0.1098 0.0220 3.3763
Error 94 0.6113 0.00650 P<0.0075
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CTotd 99 0.7210 0.00728

Table 6. Mean net energetic yidd for various ant-types.

Art-Type (n) Mean Sd Error

Large ant, large leef (23) 0.1359 a 0.01681
Largeant, smdl leaf (11) 0.0750 ab 0.02431
Medium art, large leef (15) 0.1428 a 0.02082
Medium ant, smdl leaf  (19) 0.1186 ab 0.01850
Smdl at, largelesf (12) 0.1475 a 0.02328
Smdl at, sndl leef (20) 0.0611 b 0.01803

*Meansfollowed by the same letter are not Sgnificantly different & a = .05 based upon the

Tukey-Kramer HSD Test of Multiple Comparisons.
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A comparison of biodiversity in acore and edge habitat of La Selva
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Introduction

Nature reserves ae becoming an
increeangly important factor in presarving
the biodiversty of tropica rainforests. One
criticl condderation of nature reserve
desgn is how large a reserve should be to
most  effectivdy consarve  biodiversty
(Adhton 1986). The most widdly accepted
modd argues for large reserves in order to
minimize “edge effects’ (Meffeet d. 1997).
Reserve edges, defined as the zones of
influence that conditute the outer boundary
of a habitat, are an inherent fegture of any
reserve that borders deforested area (Meffe
et d. 1997). Mog sudies have found that
the environmentad changes caused by
cregting forest edge have detrimentd and
profound effects on the ecology of the
resulting forest fragment. Due to incressed
amounts of sunlight, secondary vegetation
growth is dimulated, causng resource
competition with primary growth (Meefe et
d. 1997). The desth of many highly
endemic primary plants, because they
cannot compete with the rapid growth rates
of secondary plants, makes room for
increasad generdigt plant growth.  Insect
herbivory increases but as specidized plants
die, s0 do their associated specidized
insects, cregting a generdig  insect
population as wel (Rondd Varges pers.
comm.). Thuslossof biodiversty isdirectly
corrdated with edge amount (Terborgh
1992).

The core of aresarve is the interior
aea tha is not influenced by “edge
effects’. Because it is buffered from these
by the reserve edge and intervening fores,
the core is predicted to have greater
oecies diversty, high endemism and a
decreased mortdity rae (Medfe e 4.
1997). Specidized plant species are dle
to dominate core habitats because resource
patitioning dlows a dveraty of plant
Species to resde in the same area. The
fierce resource comptition common in
edge habitat does not occur in the core.

Edge and core habitats differ, as
well, in the reture and leve of disturbance
that they experience Naturd and
anthropogenic  didurbances  ffect edge
hebitats while only natura disturbances can
dfect a core habitat. The edge is ds0
Characterized as an area of high disturbance
frequency and intensity. Models based on
the intermediate disurbance hypothess
predict that the maximum amount of
divergty ismantained in areas of moderate,
discrete natura  disturbances. Edge
habitats, however, are influenced by long-
term, anthropogenic didurbances.  In
addition, the intermediate disturbance
hypothess cannot be gpplied to edge
habitats because it rests on the premise that
a minimum dynamic area is mantained to
alow an area to recover from disturbance,
Edge habitats do not maintain this minimum
area and thus are not redlient to change.



This dudy seeks to quantify the
effects of anthropogenic disturbance upon
the biodiversty of a resave. Whereas
naturd disurbance occurs throughout a
reserve, regardiess of location,
anthropogenic disturbances ae
concentrated a the edge and ae
nonexigent in the core hebitat. Given this
contrast  in  anthropogenic  disturbance
regimes we sought to find out if there were
differences in biodiversty between an edge
habitat and a core habitat of La Sdva

To oompare biodiversty we
sampled insect and plant populations in
both habitats. We predicted that plant and
ingect divergty would be gregter in the core
habitat. We aso predicted that there would
be more overdl plant and insect individuds
in the edge habitat. Soil compogtion,
however, can dso dfect biodiversty,
epedidly plant diversty (Migud Cifuentes
pers. comm.). A decrease in Soil nutrients
or increese in S0il pH can result in aloss of
plant divergty and subsequent loss of insect
diversty (Vandermeer et d. 1995). Thus,
in order to  properly interpret our
biodiveraty comparison we determine the
basc soil propeties for the sdected
habitats. We predicted that there would be
fewer nutrients in edge <ol because
increesed wind, rainfdl, and sunlight &
forest edges should result in incressed soil
erosdon and nutrient leaching (Vandermeer
et d. 1995). We dso predicted that the
s0il pH would be higher in the edge then in
the core habitat for the same reasons.

Methods

This dudy took place from
November 16 to December 4, 1998 a La
Sdva Biologicd Feld Station in Sargpiqui,
Coda Rica. The core ste was cdculated
by the Geogrgphicd Information (GIS)
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computer system to be a 700 to 1100 m
on the Camino Centrd trail. The edge ste,
located 100 m North of the Rio Puerto
Vigo and Eag of the family houses of the
ddtion, is twenty year old reforested cettle
pasture,

To determine plant diversty, three
padld 2 m by 50 m transects were
performed a each Ste and dl trees with a
dbh (diameter a breast height) greater than
25 com were counted, sampled for
identification, and identified.  Orlando
Vages, Assdatt Director of Naturd
Scdence, idetified dl plants  Insect
diversty was sampled by collecting lesf
litter and collecting drowned insects from
white and ydlow pit fal traps of sogpy
water placed in the transects. Insects were
extracted from lesf litter usng the Burlese
funnd. Rondd Vages a parataxonomist
with the ALAS project, identified insects.

We collected two s0il samplesfrom
each dte. Each sample congsted of soil
from ground level to 20 cm desp. Plant
diversty a the species levd and insect
diversty & the family levd was cdculated
usng the ShannonWeiner diversity index
and the Shannon-Weiner t-tes correlate to
compare the edge and core habitats. We
tested the soil samples for ammonium and
phosphorous  content  using  calometric
determination procedures (Anderson et d.
1989) and meesured soil pH usdng the
Corning pH meter 245.

Reaults

A gregter number of plant
individuds were found in the edge dte
(Table 1). Pant diversty at the levd of
Species was gregter in the core Ste than in
the edge site (H' cye = 1.30, H'egge = .909, t
=-12.43, df. = ,P <.001). Diversty &
the levd of family was dso found to be
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higher in core plants (H'core = 1.11, H’ ege =
686). Conversdy, the edge habitat
exhibited higher insect diversty then the
core (H’ eigegramityy = 909, H’ coreffamity) =
431, H’ edge( order) — 559, H’oore(order): 291,
t =999 df. = [0, P <.001) but more
insect individuas were found in the core
(Table 2). The insect results, however, ae
not representaive of diversty  leves
because 426 individuds identified to be of
the amy at family formicidae were
collected in apit fdl trgp in the core habitat.
Because ant colonies have one reproductive
individud they can be counted as a sngle
individual. When these are excluded, insect
diverdty is gregter in the core habitat
(H coregramityy = 1.21, H’ cageamityy = 909,
H’core(order) = 591, H’edge(order) = 559, t=
7.57,d.f. = [, P <.001) and the number of
insect individuds is gregier in the edge
habitt.

No differences were found in
phosphorous (t = .800, d.f. =7, P=.4) or
anmonium (t = 309, df. =7, P =.7)
concentration between the soil samples.
Measurements of pH aso did not differ (t =
213,df.=3,P=.7).

Discusson

The intermediae  disturbance
hypothess assumes a disturbance regime
based on naturd disturbances In
comparison, “edge effects’ occur as a
result of anthropogenic disurbances. The
core of a reserve does not experience
anthropogenic disturbances while the edge
habitat is characterized by anthropogenic
digurbance.  Thus in compaing the
biodiversty of core and edge habitats we
sought to quatify the effects of
anthropogenic ~ didurbance  upon  the
biodiverdty of areserve. Our data presents
evidence that the number of plant and insect

individuas and their diversty levds differ in
edge and core habitats. Soil does not
gopexr to be dfecting diversty levels
uggesting that “edge effects’ ae
maintinaing these biodiversty petterns. The
decreased diverdty of plants and insects in
the edge habitat is mogt likdy the result of
changed environmentd conditions a the
ressrve edge. Generdigt species dominate
the reserve edge because they must grow
and reproduce rapidly despite
environmental  dress  crested  through
increased sun, wind, and rain exposure as
well as increesed herbivory raes and
possble agrochemicd exposure.  Mogt
edge insects ae genadized herbivores
because they mugt feed despite a high rate
of tree mortdity and the congtant regrowth
of different pecies  Specidization occurs
in core habitats because fierce competition
for resources is not a priority and the long
life of plant gpecies dlows co-adgptive
drategies between plants and insects time
to evolve.

Flant individud and insect individud
counts were higher, as predicted, in the
edge habitat. Whereas core habitat plants
ae more liberdly spaced to dlow for
resource sharing, edge plants compete for
resources resulting in an increese in plant
gpecies turnover rate. A high turnover rate
means that light gaps are created often.
Increased exposure to sunlight stimulates
gowth explodons tha vyidd the
characterigtic high plant density of the edge
hebitat. This dense plant growth is an ided
habitat for a generdist herbivore, and the
condant regrowth of plants means that their
food supply is never-ending. Thus, itisno
aurprise that the edge exhibited grester
amounts of herbivory than the core habitat
(Fowler et d. unpublished data). Edge
hebitats might aso have higher insct



populations because they ae more
accessble to hebivores from nearby
agriculturd plots.  The mgority of these
inscts are dso generdids o they are not
limited by the abundance of aspecific plant
species (Rondd Vargas pers. comm.).

Our <ol rests showed no
gonificant  difference in soil  compogtion
between the stes, implying that soil isnot a
deemining fector in the biodiveraty
differences of the Stes. However, a more
thorough s0il andyss induding tests for
potassum, nitrate, and carbon levels might
reved differences. There are many factors
besdes eroson and leaching that can affect
s0il nutrients. The trees that inhabit an area
can influence nutrient levels based on ther
absorption  drategies Nitrogen  fixing
plants, for example, drain the soil of grest
amounts of nitrogen. Thus in order to
determine if soil compogtion influences or
changes with hebitat biodiversty, a more
complete sudy involving detailed andlyss of
il and plant absorption drategies is
necessary.

There ae many future tedts tha
could be peformed to further understand
the implications “edge effects’. Replicates
of our sudy usng multiple edge hebitats
with detaled information of neighboring
land use could identify the mogt influentid
factors leading to “edge effects’.
Biodiversty andyses of avian, mammdian,
and amphibian species would provide a
more complete picture of diverdty
differences in edge and core habitats and
possbly illugrate trends in how edge effects
influence the biota of an environment. It
would aso be interesting to study different
plots from the edge to the core to see if a
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gradient of biodiverdty exigs and how this
gradient varies based on what type of
diversty is sudied.

In concluson, “edge effects’ mugt
be conddered in order to maximize the
benefits accrued in developing nature
reserves. It is gpparent that nature reserve
desgn is becoming the mogt important
factor in  presarving  biodiversty.
Underganding what the best design is for a
given resarve mugt become a priority of
research in conservation biology.
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Table 1: A comparison of number and type of plantsin a core and edge habitat a the La Sdva
biologicd reservein CodaRica Thetotd number of individuds found in each family is shown
in bold.

Family Core Edge

- Genusand species
Annonacese 2 0

- Guatteriadiospyriodes 2 0
Apocynaceae 1 0

- Rauvolfia purpurasceus 1 0
Aracaceae 2 0

- Aderogyne martiana 1 0

- Socratea exorrhiza 1 0
Araliaceae 1 0

- Deudropanax stenodontus 1 0
Arecaceae 17 0

- Wdfiaregia 17 0
Bombaceae 1 0

- Quararibea pumila 1 0
Burseraceae 0 5

- Protiumpittiorii 0 5
Capparidaceae 0 1

- Capparis pittierii 0 1
Caricaceae 1 0

- Jacaratia dolichaula 1 0
Chyrsobalaceae 1 0

- Hirtelalemdi 1 0
Lecythicaeae 1 1

- Lecythisampla 1 1
Melastomaceae 2 0

- Henriettca tuberculosa 1 0

- Micomiagracilis 1 0
Méeliaceae 2 4

- Carapa nicaraguensis 1 4

- Guarearophalocarpa 1 0
Mimosaceae 1 42

- Balizadegans 0 7

- Pentaclethra macroloba 1 35
Monimiaceae 1 0

- Sparunagrandifolia 1 0
Myristicaceae 1 0

- Otoba norogranatensis 1 0
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Papilionaceae 2 49

- Diptoryx panamensis 0 29

- Dussia macroprophyllata 1 0

- Louchocarpus oliganthus 1 0

- Pterocarpusrohrii 0 20
Piperaceae 7 0

- Piper coloneuse 1 0

- Piper pseudubombratum 5 0

- Piper (sp. Unknown) 1 0
Rhamnaceae 6 0

- Columbrina spinosa 6 0
Rubiaceae 3 36

- Psychotria elata 1 0

- Psychotria panamensis 1 0

- Psychotria (sp. Unknown) 1 0

- Smira maxonii 0 36
Sapindaceae 1 0

- Upania guatemalensis 1 0
Sapotaceae 1 0

- Pouteria (sp. Uknown) 1 0
Seruliaceae 1 0

- Theobroma simiarum 1 0
Tiliaceae 2 0

- Gocthalsa meiantha 2 0

Totd 57 138
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Table 22 A comparison of number and types of insects found in a core and edge habitat at the
La Sdvabiologicd resrvein Coga Rica Thetota number of individuas found in each order
isshownin bold.

Order Core Edge
- Family

a1
i

Coleoptera 38
- Carabidae
- Chrysomdlidae
- Curculionidae
- FErotylidae
- Higeridae
- Hydrophilidae
- Psdaphidae
- Scolytidae
- Saphylinidae
- Trogosdae
- Unknown
Dermaptera
- Unknown
Diptera
- Dolichopodae
- Drosophilidae
- Micropezidae
- Phoridae
- Richardiida
- Unknown
Hemiptera 4 18
- Aradidae
- Thripidae
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- Soliidae 0 17
Isoptera 1 0
- Uknown 1 0
Lepidoptera 3 2
- Gracilaniidae 0 1
- Unknown 3 1
Micro-hymenoptera 0 9
- Chalcidoidea 0 9
Molusco 1 0
- Unknown 1 0
Orthoptera 4 13
- Gryllidae 3 13
- Tetrigidae 1 0
Psocoptera 1 0
- Unknown 1 0

Total 517 365
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Introduction

Seed dispersd, the movement of
seeds away from thelr parent plant, is a
criticd pat of the plant life cyde (D.
McClearn, perscomm.). There are two
phases of seed digpersd: primary and
seoondary.  Primay digpersd is the
movement of a seed away from the parent
plant to a different surface (D. McClearn,
perscomm.). Secondary dispersd is the
Subsequent movement (following  primary
digoersd) of a seed in a horizontd or
vaticd  direction (D.  McClean,
pescomm.). PFants rdy on vaious
dispersal agents, such as wind, birds, and
mammas to move ther sseds  The
atraction of seed digpersd agents by
fruting plantsis only one part of an evolved
reproductive system (Bonaccorso et d.
1980).

We dudied dispersd of Dipteryx
panamenss  (Fabaceae) fruits. In an
experiment performed by Clark and Clark
(1984), 83 of 101 Dipteryx fruits were
within 9 m of the adult'sbole. In the same
sudy, none of the Dipteryx seedlingswithin
8 m of the parentd bole survived (Clark
and Clark 1984). This is conagtent with
the Janzen-Conndll hypothess, which Sates
that “ seeds that are mogt likely to survive to
produce mature plants are those tha are
mos isolated from edablished parentd
plants” (Thomas 1989). Thus for
Dipteryx seedlings to survive, it gopears

that the fruits must be dispersed beyond the
parenta tree’ s seed shadow.

A vaigy birds and mammes ae
cgpable of digpersng Dipteryx fruits
(Bonaccorso et d. 1980). In Panama,
Neotropica red-taled squirrds (Sciurus
granatensis) have been observed carrying
fruits a few meters beyond the parenta
crown (Bonaccorso et d. 1980). Agoutis
(Dasyprocta punctata) on the other hand,
were obsarved carrying Dipteryx fruits in
excess of 50m from the parent tree
(Bonaccorso et d. 1980). At the La Sdva
Biologicd Saion in Coda Rica, little is
known about mammdian seed digpersd,
with the exception of bats and monkeys,
both of which are arbored (Levey e 4d.
1994). For this reason, we sudied the
effectiveness of two teredtrid mammals,
quirrds and agoutis, as  secondary
dispersers of Dipteryx panamenss fruits
Based on the Bonaccorso e d. study
(1980) in Panama, we hypothesized that
agoutis would be more effective digpersd
agents snce they are cgpable of carying
the seeds further from the parent tree than
uirrds.

Methods

We conducted our experiment at
the La Sdlva Biologicd Station, located in
the Sargoiqui region of Coda Rica
Dipteryx panamenss is a common
emagent tree in this aea and is



characterized by smooth, salmontcolored
bark, winged or subwinged rachis, and
rather large, Sngle-seeded, dlipsoidd fruit
(Gentry 1993). Dipteryx fruit is 56 cm
long by 23 cm wide, and weghs 16.0-
26.3 g (Bonaccorso et d. 1980, persond

observation). The endocarp isformed by a
4 mm thick, hard, woody shell endosing the
single seed (Bonaccorso et d. 1980). The
outer covering, or exocarp, is formed by a
thick pulp, smilar to thet of an dmond fruit
(Bonaccorso et a. 1980).

Sciurus granatensis  (red-taled
squirrdl) is both a predator and a disperser
of Dipteryx seeds. Squirrdls tend to carry
the fruits toward the nearest tree, scrape off
the pulpy exocarp a the narrow end of the
seed, and then gnaw through the woody
endocarp to expose the seed (Bonaccorso
et d. 1980). After feeding, they frequently
discard Dipteryx with a large pat of the
sead intact, usudly induding the embryo
(Bonaccorso et d. 1980). Despite the
damage, some of these Dipteryx seeds are
dill capable of germinating (Bonaccorso et
al. 1980).

Dasyprocta punctata (agouti) are
dependent on endocarps discarded by
squirrels, and tend to prefer these damaged
fruits (Bonaccorso et d. 1980). Usng ther
long incisors, agoutis gnaw large holes
through the endocarp and are often able to
extract nealy dl the seed via this hole.
However, dnce agoutis scatterhoard
(transport one piece of food a atime, or on
rare occasiors, a mouthful) and bury each
fruit in its own hole avay from the source
(Hdlwachs 1986), occesondly these
Dipteryx seeds are forgotten or are only
patidly consumed (Bonaccorso e 4.
1980), and they survive to germinate.

We examined pimay ad
secondary dispersal of Dipteryx fruits To
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measure primary dispersd, we sdected a
fruting Dipteryx tree located &
goproximatdy 250 m dong the Camino
Expeimenta Norte (CEN) tral. We
measured two 30 m X 2 m transects and
recorded the distance of each fuit in the
transect from the bole of the tree on 22
November 1998. To measure secondary
dispersa we used 4 rectangular “nut
boxes’ (patented by D. McClearn). Each
nut box was mede of clear plagic with a
diding lid, and each had 2 rows of 6
compatments, for a totd of 12
compartments per box. We placed spools
of thread in each of the compartments, and
atached 48 fresh Dipteryx fruits to the
ends of each of the threads usng Super
Bonder Extra glue (Loctite de Costa Rica,
Centro Coldn, Codta Rica). Apparently,
the glue has no effect on the paaatility of
Dipteryx fruit (D. McClearn, perscomm.).
There were amdl grooves at the top of each
compartment that dlowed the thread to
pass fredy from the indde of the box to the
outside once the fruit was moved.

On 22 November 1998 we placed
two nut boxes 7 m away from the bole of a
nonfruiting  Dipteryx  tree  located
goproximatdy 100 m dong the Camino
Experimentd Sur (CES) trall. Each of the
12 nuts from the two boxes were placed
(with gring attached) gpproximately 30 cm
from thar respective compartments  The
other two boxes were placed 7 m away
from the bole of the tree on the CEN trall
where we measured primary dispersd.
These fruits were aso placed gpproximately
30 cm from their respective compartments.
All of the boxes were covered with leaves
to make them less conspicuous. Due to
lack of activity a the CES tree, we moved
these two boxes to the CEN dite on 30
November 1998. The fruits from these



16C

boxes were replaced with fresh fruits before
being moved to the CEN gte.

We examined the fruits each
morning from 23 November to 5 December
1998. The following observations were
recorded:  digance from fruit to nut box,
totd digance travded by fruit, viability
(esten / not esten), status (buried / above
ground), dispaser (determined by
Charecterigic bite marks to be either
squirrdl, agouti, or unknown), and number
of days a the Site before dispersdl.

Results

We counted atota of 44 Dipteryx
fruits within the two transects desgned to
messure primary digoersd. Al of the fruits
collected were found within the first 16 m of
the transect, with the mgority of them fdling
within the fird 7 m (Hgure 1). The mean
digance of the fruits from the bole of the
treewas 6.17 m (SD = 3.75).

All of the fruits from the nut boxes
that hed been vigted were dill vidble —we
observed bite marks from squirrels and
agoutis that only penetrated part of the
exocap (Table 1). There was no damage
to the seeds of these fruits  Of the four
fruits tha were removed, two traveled
further then their findl location from the tree,
i.e. these fruits had been carried away from
the nut box, and then were carried back
toward the box before they were dropped
(Table 1). Haf of the fruits thet had been
visted were not moved a dl (Table 1).
Fve out of eight of the fruits were disturbed
within two days of being out a the ste
(Téble 1). As seeds got older, they
became moldy and soft, and were not
disturbed by any animasto our knowledge.

Discusson

Our findings for the primay
dispersd of Dipteryx panamensis seeds
were condstent with the observetions made
by Clak and Clark (1984), in that the
maority of the seeds fel within the area of
the parentd crown. For a tree with large
seeds (such as D. panamenss) to be
reproductively successful, it must be able to
dtract dispersd agents and avoid seed
predators (Bonaccorso et a. 1980). In
Panama, Dipteryx panamensss is visted
by various mammals, induding squirrels and
agoutis, which act as both seed predators
and digpersers (Bonaccorso et a. 1980).
At the La Sdva Biologicd Station in Costa
Rica, we found that squirrds and agoutis
were ndther hepful nor harmful to the
reproductive success of the Dipteryx tree
we studied. We expected to see Dipteryx
fruits gnawed on and dispersed away from
the parent tree, particularly by agoutis, but
we did not observe this.

A possble explanation for squirrdl
and agouti digpersal ineffectiveness could
be the qudity of the Dipteryx fruits
Hdlwechs (1986) discovered that the
digance a gugpinol (Hymenaea courbaril)
pod is caried and the rate & which pods
are removed are srongly influenced by the
condition of a pod's fruit pulp. This could
a0 be the case for Dipteryx panamensis
fruits  We observed that as fruits aged,
they became moldy and soft. Perhgps our
Dipteryx tree is producing a “bad’ fruit
crop this season, which the mammals find
ungppeding. Hdlwachs (1986) was
“catain tha agoutis can recognize a
[guapinal] pod with good pulp by its odor;
usudly they gnaw open the good fruits
fird” Our data suggest that the mammds
gpproached the fresher fruits, tasted them at
the spot or after carrying them briefly, and



then discarded them, possibly because they
found the fruit to be “low qudlity.”

Based on the lack of damage done
to the seeds and tharr smdl movement awvay
from the seed shadow of the treg it
aopears that nether the plant nor the
mammas benefited from the fruiting thet
occurred. In terms of energy, the codts for
both plant and animd appear to be high.
The Dipteryx tree spoent energy meking the
fruits, but none of them that we observed
were dispersed past the crown. The
squirres and agoutis spent energy searching
for the fruits but did not consume them.
Over time, this energy loss could become
detrimentd to both the tree and the
mammals. On the other hand, we Sudied
the effects of secondary dispersd a only
one tree, which may not be representetive
of the entire Dipteryx panamensis
population found a La Sdva. Moreover, it
isknown thet animds ather than agoutis and
quirrels act as dispersers of Dipteryx
fruits In thar dudies in Panama,
Bonaccorso et a. (1980) suspected that
piny ras (Proechimys semispinosus) feed
on Dipteryx fruits in a manner smilar to
quirrds, and act as occasond dispersd
agents.  In the same dudy, a fruit bat
(Artibeus lituratus) was observed carrying
Dipteryx fruits away from the parent tree
Both of these animads arefound a La Sdva
(Levey 1994), and could be involved in
Dipteryx fruit dispersal.
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Table 1. Obsarvationsof Dipteryx panamensis fruitsin the La SdvaBiologicd Station, Costa
Rica. Digpersers were identified by tooth marks |eft on the fruits.

Seed# Didancefrom Totd digance  Viaility Satus Digpaser  #of daysat
fruittonut box  traveled by fruit gte before
(m) (m) dispersd
1 136 9.24 not esten  above ground squirrel 1
2 0.42 7.88 not esten  above ground squirre 1
3 0.06 0.06 not eesten  above ground agouti 4
4 0.28 0.28 not esten aboveground  unknown 8
5 0 0 not esten  above ground agouti 10
6 0 0 not eaten  above ground agouti 2
7 0 0 not esten  above ground squirre 2
8 0 0 not esten  above ground squirrel 2
8
g 6
% 4
T 2
0

1 3 57 9111315171921 23252729

Distance from fruit to bole of tree

Fgure 1. Primary dispersal of Dipteryx panamensis fruits from the bole of the parentd tree,
located a 250m aong the CEN trall in the La Sdva Biologicd Station, Costa Rica
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Kleptoparastismin Nephila clavipes
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Introduction

Nephila clavipes (Araneidae) is
the largest orb-weaving soider in the
Neotropics (Lubin 1983). The speciesis
mogt often found in secondary growth or
deaings, dthough webs can be found in
primary forest under story (pers. obs.). N.
clavipes may build solitary webs or websin
aggregations containing severd congpecifics
(Lubin 1983). When prey items become
entangled in the web, the spider immohilizes
them by biting, removes them from the web,
and returns to the center to feed (Lubin
1983). When the spider finishes feeding, it
leaves patidly digested prey items in the
web. This behavior may dtract a host of
other organiams thet feed on the leftovers or
other gmdl insects caught in the web.
Vallrath (1979) found that kleptoparasites
employed multiple tactics to sted or atack
prey caught in N. clavipes webs induding
feeding on patidly digeted insects.
Persond  observaion suggests that webs
built in open habitats and primary forest
under dory contain large amounts of
kleptoparadtes. N. clavipes webs are
often abandoned by the hod, a
phenomenon that appears to be corrdated
with food avalablity and kleptoparadte
density (Rypstra 1981).

This study sought to understand the
rates of kleptoparadte colonization and
web abandonment in open habitats and
primary fores under sory. Webs were
observed in both types of habitats, and

Araneidae, kleptoparaditism, Nephila clavipes spiders

kleptoparagtes were examined.  If web
abandonment is  corrdated  with
kleptoparasite dengty, then | would expect
to see abandonment in webs with higher
numbers of parasites.

Methods

This dudy was conducted & La
Sdva Biologica Stetion in Puerto Vigo de
Sagoiqui, Coda Rica (ranfdl 4,000
mm/yed; devdion 35-150m).
Kleptoparadtes were monitored on 18
websof N. clavipes 8 webs were located
in open, grassy areas, and 10 webs were
located in the under story of primary forest.
Each web was observed for 5 or 6
consecutive days between 30 November
1998 and 6 December 1998. Spider length
and web dimensons were measured by
placing a ruler next to the web or spider.
Nether the web nor spider was disturbed
during messurements.  Web length and
width were used to cdculate web area
according to theformula,

Area=p [(length + width)/4]%.

The day of abandonment or
destruction was noted for each web. The
number of kleptoparasites was recorded for
eech day, and dl Kkleptoparadtes were
collected on day 5 or 6. Raes of
colonization were determined by averaging
the change in number of paradites between
two conscutive days for the entire
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observation period. For abandoned webs,
colonization rates were determined both
before and after the spider deserted the
web. Kleptoparaste load was calculated
as the number of kleptoparasites per .
T-tests were conducted for comparisons
between open and forest habitats and
coloniztion rates.  Chi-square anayses
were used to compare the incidents of web
abandonment and dedruction in  both
habitats. Statidicd andyses were done
usng JMP Saidicd Andyss Packege
(SAS 1997).

Kleptoparasites collected from the
webs were sorted by morphospecies, and
species diversty of esch habitat was
cdculated according to the Shannon
Wiener Index (H'). Evenness (J) was
cdculated and t-tess were conducted
according to methods in Magurran (1988).
Smilarity was caculated according to the
formula,

S=_2C ,
A+B

where A isthe number of morphospeciesin
the open habita, B is the number of
morphospecies in the forest habitat, and C
is the number of morphospecies common to
both habitats.

Results

There was no dgnificant difference
in the means for spider Sze, web aeq,
number  of kleptoparadtes,  and
kleptoparasite load between open and
foret hebitat (Teble 1). There was no
correlation between web area and spider
size = 0.483, P =0.0581) or web area
and number of kleptoparasites (r = 0.5164,
P = 0.0406).

Figure 1 shows the number of
kleptoparastes recorded for intact, un-
abandoned webs in the open habitat. The
number of paadtes on intact, un-
abandoned webs in primary forest under
dory are shown in Fgure 2. The open
habitat had a gdgnificantly lower rae of
colonization in un-abandoned webs than the
fores habitaa and actudly showed a
negaive trend (Table 1).

There were 3 aandoned webs in
the open habitat and 1 abandoned web in
the foret. There was, however, no
ggnificant difference in the incidence of web
abandonment  between  habitats (¢ =
1983, df =1, P = 0.1591). The web
abandoned in the forex had a higher
maximum number of kleptoparadtes prior
to abandonment than those found in the
open habitat (Figure 3). Once the spider
abandoned the web, the forest habitat had a
more rgpid rate of decolonization than the
open area (Table 1). However, there was
only one web in the forest that was
abandoned, accounting for the lage
difference between the rates of colonization.
There was no sgnificant difference between
colonization raes before and  after
abandonment in the open habitat (t = -
0460, df = 7, P = 0.6593, Table 1).
Independent of habitat, there was a
ggnificant  difference between the meen
kleptoparasite load for abandoned (0.0129
+ 0.0045 individuds) and unabandoned
(0.00619 + 0.00367 individuds) webs (t =
-2.380, df = 14, P =0.0321). Abandoned
webs had a higher number of
kleptoparadites per unit area than the un-
abandoned webs.

In addition to the webs induded in
the previous andyds thee wee 3
destroyed webs in the forest habitat and 1
in the open habitat; however, there was no



ggnificant difference in the frequency of
web dedtruction between habitats (&2 =
0824, df = 1, P = 03641). No
kleptoparastes were found on the
remanng web fragments  following
degtruction.

There were 15 kleptoparasite
morphospecies found in the open habitat
and 11 found in the primary fores under
gory (S=0.462, Figure 4). There was no
dgnificant difference in diversty between
habitats (H’ open = 1.06, H'tores = 0.7295, t
= 00959, df = 71, P > 0.05). The
evenness was higher in the open hebitat
then forest (Jopen = 0.90, Joes = 0.70).

Discusson

There were no habitat differencesin
Sider 9ze, web area, or incidents of web
abandonment or destruction. Nor was web
aea indicdive of dther ider sze or
kleptoparaste load. Therefore, habitat
Sructure and compodition seem to have no
effect on spider or web characterigtics.
However, this dudy did find three
interesing phenomenon asodated  with
kleptoparastism of Nephila clavipes
regarding colonization rates, kleptoparasite
loads and abandonment, and
morphospecies didtribution.

Colonization was lower in the open
habitat than the primary forest under sory.
However, there was no difference in the
mean number of Kkleptoparastes found in
the two habitats (Table 1). The average
number of paradtes on webs in the open
heabitat were higher than those in the
primary forest under story on day 1, but by
day 5 and 6 the open habitat had a lower
number of kleptoparadites than the forest.
Thus, while the colonization trend was in
different directions for esch habitet, the
mean number of parastes on the webs
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were equa. Since webs were chosen a
random and a vaying dages of
colonization, this trend may reflect a chance
event.  Future experiments messuring
colonization rates should obsarve webs a
smilar gages of colonization (eg. newly
constructed webs).

Abandonment was higher in webs
that had greater kleptoparasite loads. My
data are conggent with those of Rypdra
(1981) who found higher numbers of
kleptoparasites on webs abandoned by
siders than webs not abandoned by
giders.  This suggests that kleptoparasite
load might be a possble reason for web
abandonment in N. clavipes  Food
avalability may dso afect abandonment.
Beamer (unpublished data) Sudied the
effects of food availability on gtefiddity in
N. clavipes and found that feeding was
independent of relocation rates.  Future
expaiments examining the interactions of
Kleptoparasites and food availability would
be vitd to underdanding this system.
Kleptoparadtes that sted food from the
host may deprive it from food sources and
cause desation.  Kleptoparasites may
make the web more visble to flying insects,
decreasing the number of large insects that
get caught in the web. N. clavipes based
on its reaive Sze to that of the
kleptoparasites, probably has a great food
requrement.  This may explan the
perdstence of kleptoparasites after web
abandonment.  In the open habitat there
was no difference between colonization
raes before and after  a@bandonment.
Kleptoparadtes may continue fesding on
gmdl insects that are caught in the web,
insects that are too smdl for the N.
clavipes to consume. | dso observed
kleptoparadites preying on each other. If
food avaldbility is the impetus for



16€

kleptoparasite colonization, then as long as
food is avaldble kleptoparastes should
persst on the web.

Ve little is understood about the
goecific  interactions of  kleptoparasite
morphospecies. While diversty did not
differ between habitats andyss of
morphospecies showed only 300 %
overlgp between the open habitat and
primary fores under dory. Thismay be a
result of source populations or proximity to
other  webs Perhaps  specific
morphospecies have physologicd, life
cyde, or micro habitat redtrictions that limit
thelr range. Therefore, only certain species
act as sources in certain habitats. A second
suggesion  could  involve  colonization
paterns.  Perhaps colonization of one
species depends on the existence of others.
Predation by  kleptoparastes  on
kleptoparasites was observed.
Kleptoparasites that often fal prey to others
may aoid webs tha oontan thar
predetors. Smilaly,  predaory
kleptoparasites may be more likdy to
colonize webs that contain spiders on which
they can feed. Future Sudies examining
colonization paters could provide vitd
informetion on inter-specific kleptoparadite
interactions.

Kleptoparaste colonization may adso be
rdlated to niche patitioning. The two
habitats had a rdaively even digtribution of
kleptoparadites, and in the open habitat no
one species dominated. Future dudies
looking a location of kleptoparasite
morphospecies on the web and niche
partitioning within the web would provide
more information on potentid competitive
interactions  between  kleptoparagites.
While morphospedes compostion may be
the reult of some vay intereding

processes, its effect on N. clavipes
unknown a present.

Veay litle is known about the
dynamic interactions between N. clavipes
and its kleptoparastes. My data suggest
that characteridtics of the spider and itsweb
seem to have little effect on kleptoparasites.
However, Kkleptoparaste interactions,
combined with host prey avalability, may
cause aandonment in the N. clavipes
Even more interesting is the possible role of
inter-spedific interaction between
kleptoparadites in determining colonization
rates and food avalability, factors grealy
affecting the host’ s behavior. Future sudies
concentrating on the specific behavior of
kleptoparasites would provide vauable
informetion on N. clavipes web dynamics,
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Table 1 Mean vaues betweenwebsaf N. clavipesin open and primary forest under story
habitats. Statistica andyses were performed usng IMP 3.2 Satidicd Andyss Package (SAS

1997).
Open Habitat Forest Habitat t df P
Mean spider length (cm) 3.08+132 3.02+0.95 -012 15 0.906
(n=7) (n=10)
Mean web area (cn) 031.22+ 73316 119204+ 31752 0997 14 0.336
(n=6) (n=10)

Mean number of 7.29+4.00 8.40+ 598 0450 16 0.659
kleptoparasites (n=98) (n=10)
Mean kleptoparasiteload  0.0071 £ 0.0045 0.0070+ 0.0044 -0.080 14 0.937
(# of kleptoparasites/cnt) (n=6) (n=10)
Mean rete of colonization -204£447 216+ 254 2417 14 0.0299
before abandonment (n=6) (n=10)
Mean rate of colonization -1.00+1.73 -17.00 £ 0.00 -8.000 2 0.0153
after dbandonment (n=3) n=1
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Figure 1. Intact, un-abandoned webs of N. clavipes were observed in open habitats. The
number of kleptoparasites on the web was recorded for 5 consecutive days.
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Figure 2. Intact, un-abandoned webs of N. clavipes were observed in primary forest under
gory. The number of kleptoparasites on the web was recorded for 5 or 6 consecutive days.
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Figure 3. The number of kleptoparasites was recorded on webs of N. clavipes that were
abandoned during the observation period. “Open” refers to websin the open habitat. “Forest”
refers to webs located in the primary forest under story. Open 1 was abandoned on day 3,
Open 2 was abandoned on day 2, Open 3 was abandoned on day 1, and Forest 1 was
abandoned on day 6.
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Introduction

The converson of tropica forests
to agriculturd sysems of various kinds
during the lagt few decades has caused
widespread ecologicd problems, such as
loss in <ol fetlity and genetic
impoveishment  (Schreckenberg and
Hadley 1991). These actions have caused
large spans of land in the tropics to become
productively usdess. The dedtruction of
tropicd forests and woodlands increased
from 11.1 million ha / yr. in 1988 to 17
million ha/ yr. in 1990, or goproximately 1
% of the totd edimaed area of tropicd
forest area according to estimates by FAO
(Schreckenberg and Hadley 1991). In
response, there has been an overwheming
increase in the demand and frequency of
reforestation  efforts, secondary forest
management, biomass production, and
agroforedtry in the humid tropics (Haggar
and Ewd 1995). This has underscored the
need to better understand how different tree
gecies can be grown to maximize
productivity and nutrient retention in nutrient
poor soils.

The observation that mixtures of
two plat species often have a higher
productivity than either species grown aone
has led to the idea that some species have
the cgpacity to exploit resources unavailable
to othes (Haggar and Ewd 1994).
Complementarity involving combinations of

cops and trees (polycultures) not only
increase production but aso conserve soil
fatility (Haggar and Ewd 1997).
Complementary use of resources in time
occurs when plants have different tempora
growth patterns or life gpans 0 that the
periods of maximum demand for resources
of the species are temporarily separated. It
ao occurs when different forms of a
resource are used (nitrate vs. diatomic
nitrogen), or when resources are used in
different ratios (Haggar and Ewel 1997).
Although differences in productivity
have been indicated, little attention has been
given to polycultures and the differences
they can make in soil nutrient retention. The
use of polycultures is potentialy important
for agriculturd and brestry systems, even
though it is not usudly associaed with
ecologica economic sudanability (Haggar
and Ewd 1994). If polycultures can make
a difference in the maintenance of oil
fertility, this method may increese the
likdihood of mantaining productivity on
nutrient poor soils.
This sudy investigates the differencesin the
retention of nutrients between polyculture
and monoculture plots of Hyeronima
alchorneoides. The null hypothesis is thet
s0il samples taken from polyculture plots of
H. alchorneoides will have a higher
reteention  of  nitrogen,  ammonium,
phosphorous, and organic carbon than
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monoculture plots of H. alchorneoides. It
is predicted that the polyculture plots will be
able to retain a higher concentration of
nutrients then the monoculture plots
because of the complementarity of the
gpecies grown in the polyculture plots.

Methods

The experiment was carried out on
the Huertos plots a La Sdva Biologica
Sation in the Atlantic lowlands of Coda
Ricaa an devation of goproximatey 40 m.
Mean annud rainfal and temperature are
agoproximady 4 m ad 24 ° C,
respectively. The Huertos dte is on an
dluvid tearace with a deep, wdl drained,
fatle <0l dassfied as a mixed,
isohyperthermic, possbly andic, fluventic,
Dystropept (Haggar and Ewel 1994).

In 1991 Huetos project
developers cleared an abandoned cocoa
plantation, harvesed the commercidly
vaduable overdory trees, and burned the
dash in order to set up monoculture and
polyculture plots (Haggar and Ewd 1997).
Thee experimentd plots were established
ater the manud dearing of the charred
logs The god of the Huertos project was
to assess the role of diversty and rotetion
frequency on sugtaindhility.

Our dudy was conducted a the
Huertos Ste where three different ands
(60 x 40 m) of H. alchorneoides were
subdivided into two plots; one plot (30 x 40
m) remained as a monoculture, and the
other (30 x 40 m) was interplanted with the
two monocots, Euterpe oleracea and
Heliconia imbricataa. The Hyeronima
were planted in atriangular pattern with 2.0
m between each tree. Thus, each tree had
available to it an area of 3.46 nf, and the
dand dendgity was 2887 trees/ha for each
plot (Haggr and Ewd 1997). The

Euterpe were planted a the same time as
the Hyeronima and were located between
every other tree in every other row of trees.
The Heliconia were planted between dl the
trees in the rows where Euterpe had not
been planted.

Hyeronima alchorneoides, is a
member of the Euphorbiacese family netive
to Cogta Rica, commeradly vauable, and a
fast growing tropica hardwood (Gentry
1993). Euterpe oleraceaisamember of
the Arecacese family, multisemmed, tdl
(up to 20 m), and a pinnatdy lesfed pam
that growsin forests on dluvid soils (Gentry
1993). It is native to the lower Brazlian
Amazon where its fruits and buds are
haveted (Haggar and Ewd 1997).
Heliconia imbricata is a member of the
Heliconiaceee family and is a ndive
perennid herb common in the secondary
foresx around the dte (Haggar and Ewe
1997). It produces numerous basa shoots,
each producing leavesthat extendto 5 m or
more in height (Gentry 1993).

Huetos chose these gpecies
because of their contragting phenologies
and physognomic charecterigics.  For
example, the roots of H. alchorneoides, E.
oleracea, and H. imbricata ae vey
different. H. alchorneoides and E.
oleracea have a vay high densty of fine
roots, where as H. imbricata have alow
densty of fineroots. H. alchorneoides and
H. imbricata have shdlow roots, where as
E. oleracea have very deep roots. They
ds differ in ther growth paterns. H.
alchorneoides and E. oleracea have gpicd
merigems which fadlitate vertical growth,
but H. imbricata has a basd merigem that
fadlitaes  increedng  width  while
condraning verticad  growth. H.
alchorneoides and H. imbricata dlocate
more energy in building leaves, while E.



oleracea dlocae more energy building
roots. These differences may indicate a
potentidd for different resource capture
cgpabilities (Haggar and Ewe 1997).

Three core samples of soil & a
depth of 30 cm were taken randomly from
eech monoculture and polyculture plot
within the three H. alchorneoides stands.
Andyses of the nutrient compogtion of
nitrogen, ammonium, phosphorous, and
organic carbon in the soil samples were
conducted following the guiddines st in
Tropicd Soil Biology and Fetility: A
Handbook of Methods (Anderson and
Ingram 1989).

Ledf litter fromtworandom1x1m
plots within each monoculture and
polyculture plot was collected to compare
il coverage between the plots.  Wet
weight was measured usng an dectronic
scae, and sx of the twelve collections were
dried in a herbarium (a drying oven for
organic mater). The 9x dried samples
were then weighed usng an dectronic
scde, and the percent water loss was
cdculated. The average water loss for the
9x dried samples was used to esimate the
dry weght of the other Sx ledf litters The
percent of overstory canopy dlowing the
filtration of light was determined a each of
the two ledf litter plots within the polyculture
and monoculture plots usng a soherica
densometer. Light intengty was messured
in LUX units & al coring dghts a ground
levd udng alight meter.

Above ground biomass was
cdculaed usng the formula y = e [-
3.3012 + 0.9439 In (D?H)] from Tropicd
Soil Biology and Fertility: A Handbook of
Methods (Anderson and Ingram 1989).
Within eech monoculture and polyculture
plot, a row of trees was sdected, and the
diameter breast height (DBH) of each tree
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was measued. The tree heght in the
polyculture and monoculture plots was
assumed to be identical for dl Hyeronima
individuds. Thus, the edimated height of dl
the Hyeronima individuds, 7.62 m, was
used for cdculating biomass

Wilcoxin nonparametric tests were
used to andyze dl of the data except for
tree DBH and biomass. Soil andyses for
nitrate, anmonium, and phosphorous were
done twice and denoted “& and “b’ to
examine the accuracy of our methods
Wilcoxin sign rank paired t-tests were used
to test for dgnificant differences between
il andyses “d and “b” for nitrate,
ammonium, phosphorous, and  organic
carbon. Since the digtribution of tree DBH
and biomass was found to be normd, one-
way anova tests were used to andyze these
two sets of data

Reaults

There was no sgnificant difference
between percentages of NO;, NH,'-N,
phosphorous, and organic carbon between
s0ils from monoculture plots to polyculture
plots (Table 1 — 4). Monoculture plots
recaved dgnificantly higher intenaty leves
of light than polyculture stands a ground
level (Table 5). Polyculture stands had
ggnificantly less uncovered overgory then
monoculture stands (Table 6) as wel as
donificantly dens leef litter (Teble 7).
Average Hyeronima diameter a bresst
haght was not dgnificantly different
between  monoculture  dands  and
polyculture stands (Table 8) nor was
Hyeronima above ground biomass
sgnificantly different (Table 9).

NO; percentage leves obtained
from soil andyses “@’ and “b’ were not
gonificantly different from each other for
monoculture sands (T = -115and P =
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0.203), dthough they were dgnificantly
different for polyculture stands (T = -22.5
and P =-0.004). However, both andyses
yidded no sgnificat differences in NOs’
percentage levels ketween monoculture and
polyculture gands (P = 0.9248 for test 1,
P = 0.9296). NH,"-N percentage levels
obtained from andyses “a’ and “b” were
not sgnificantly different from each other for
both monoculture sands (T =-5.500 and P
= 0.570) and polyculture stands (T = -2.50
and P =0.820). Additiondly, phosphorous
percentage levels obtained from anayses
“d and “b’ were not Sgnificantly different
from each other for both monoculture
dands (T = 115 and P = 0.203) ad
polyculture gands (T = -3.50 ard P =
0.734).

Discusson

The results showed that there was
no dgnificant difference between nutrient
concentraions  of  nitrogen,  ammonium,
phosphorous, and organic carbon between
the soils from monoculture and polyculture
plots. Although polyculture plots exhibiting
complementarity in gened have been
shown to increase soil fertility and nutrient
retention (Haggar and Ewd 1997), our
Sudy shows thet thisis a trend that can not
be generdized among dl polyculture plots
The species that are planted in a polyculture
plot must have different tempord growth
patterns, use different forms of resources,
or use different ratios of resourcesto exhibit
complementarity. If these differences were
not Sgnificant enough between Hyeronima,
Heliconia, and Euterpe, then this could
explain why the polyculture plots did not
retain more nutrients then the monoculture
plots. However, if this was the case, we
might expect to see lower productivity as a
result of intergpecific competition for the

same nutrients in the polyculture plots if
thee gpecies have an overlgp in the
nutrients they exploit. Because productivity
of H. alchorneoides and ovedl
productivity were found to be the same
between polyculture and monoculture plots
(persond comment M.Cifuentes),
something ese must be occurring.

Our resllts showed ggnificant
differences in light intendty, uncovered
overdory, and ledf litter between the
monoculture and polyculture plots. These
differences may account for a sysem of
nutrient cyding that supports our results of
no net difference in nutrient compogtion
between the monoculture and poyculture
plots The light intensity and % uncovered
overgory measured from ground leve was
gonificantly higher in - monoculture  then
polyculture plots.  If more light was able to
penetrate the forest floor of the monoculture
plots and there was a higher % of
uncovered overdory, then the canopy of
the monoculture plots must not be as dense
as the polyculture plots. If this were true
then more ranwaer would have direct
contact with the forex floor of the
monculture plots because of its less dense
canopy. This could have lead to a grester
rae of nutrient loss due to leeching of
nutrients in the monoculture plots, especidly
gnce there was less legf litter to act s a
barrier from the rain in monoculture plots

Although the canopy densty and
legf litter of the polyculture plots gopeared
to be responsible for the increased retention
of nutrients, the addition of H. imbricata
and E. oleracea to the polyculture plots
may have increased the uptake of nutrients
fromthe soil. It is possble thet the addition
of H. imbricataand E. oleracea increased
totd above ground biomess, creding a
more extensve root sysem, in the



polyculture plots ~ This extendgve root
system may fadlitate the upteke of more
nutrients due to the demand for more
resources.  Therefore, the nutrient uptake
by the species in the polyculture plots may
bdance out the nutrient loss in the
monoculture plots resulting in no net
difference in concentration of nitrate,
ammonium, phosphorous, and  organic
cabon between the monoculture and
polyculture plots.

Although the polyculture plots did
not serve to increase the fertility and nutrient
retention of the soil, there il are benefitsto
this method of agriculture. The polyculture
plots were e to mantan productivity
with out depleting the soil of nutrients while
yieding acrop thet had ahigher commercid
vaue than the monoculture plots.  This
would benefit subsgtence famers who
want high commercid vaue crops with low
maintenance cods. So even though the
polyculture method is not dways
ecologicdly bendficd, it has other
advantages in not harming the environment,
having a low mantenance cod, and by
being economicaly beneficid.
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Table1. Average nitrate percentage levelsin soils of three monoculture plots of Hyeronima
alchorneoides and in three polyculture plots of Hyeronima alchorneoides, Euter pe oleraces,
and Heliconia imbricata a La SdvaBiologica Station, CostaRica. “a’ and “b” denote
separate andyssteds. Nitrate was extracted with 2M potassum chloride.

% NOs" presant in soil

Monoculture Polyculture Z—vdue P - vdue S
Plot1a 12.7425 3.2599
b. 11.4691 10.6284
Plot2a 5.0193 4.4256
b. 13.5984 13.5984
Plot3a 0 2.1028
b. 13.5926 13.5926

Mean+1SE  9.4037+ 2.29643 8.1558+ 2.2998 -0.040032 0.6889 36

Table 2. Average nitrogen percentage levelsin soils of three monoculture plotsof Hyeronima
alchorneoides and in three polyculture plots of Hyeronima alchorneoides, Euterpe oleracea,
and Heliconia imbricata a La SelvaBiologicd Station, CostaRica “a’ and “b” denote
separate andysstests. Nitrogen was extracted with 2M potassum chloride.

% NH,;" - N present in soil

Monoculture Polyculture Z—vdue P-vdue S
Plotla 2.5462 2.3646
b. 3.2081 3.6404
Plot2a 2.0039 2.1744
b. 3.0189 1.2968
Flot3a 1.6184 2.0608
b. 0.6679 2.5810

Mean+1SE  21772+0.38844 23530+0.31318 0.24019 08102 41
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Table 3. Average organic carbon percentege levelsin soils of three monoculture plots of
Hyeronima al chorneoides and in three polyculture plots of Hyeronima alchorneoides,
Euterpe oleracea, and Heliconia imbricata a La SdvaBiologicd Station, CotaRica
Organic carbon was extracted usng a potassum dichromate and sulfuric acid digest.

% organic C present in soil

Monoculture Polycuture Z—vdue P-vdue S
Mot 1 0.7221 0.8136
Pot 2 0.3372 0.8119
Mot 3 0.6194 0.2631

Mean+1SE 05424+ 0.11515 0.7025+0.17352 0.63901 0.5228 34

Table4. Average phosphorous percentage levelsin soils of three monoculture plots of
Hyeronima al chorneoides and in three polyculture plots of Hyeronima alchorneoides,
Euterpe oleracea, and Heliconia imbricata a La SdvaBiologica Sation, CodaRica “&
and “b” denote separate andlysistests. Phosphorous was extracted using 2M potassum
chloride.

% P presant in ol
Monoculture Polyculture Z—vdue P-vdue S
Plot1a 2.2807 0.4587
b. 0.8285 4.0796
Plot2a 2.3373 1.6418
b. 1.1406 5.0398
Plot3a 0.9456 1.9855
b. 1.1699 0.1136

Mean+1SE  1.6083+0.31025 2.062+0.81434 -0.08006  0.9362 38

Table5. Average light intendty measured in LUX units a ground leve in three monoculture
plots of Hyeronima alchorneoides and in three polycuture plots of Hyeronima
alchorneoides, Euterpe oleracea, and Heliconia imbricata a La SdvaBiologicd Station,
CogaRica

Light Intensity (LUX)
Monoculture Polyculture Z - vdue P - vdue S

Fot 1 4357 890
Pot 2 5380 1180
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Pot3 6077 790

Men+1SE 5271+ 865 953 + 117 -3.416 0.0006 36

Table 6. Average percentages of uncovered overdory in three monoculture plots of
Hyeronima al chorneoides and in three polyculture plots of Hyeronima alchorneoides,
Euterpe oleracea, and Heliconia imbricata at La SdvaBiologicd Station, Cogta Rica

% Overgory Uncovered
Monoculture Polyculture Z - vdue P - vdue S
Mot 1 479 229
Pot 2 484 21.3
Mot 3 66.0 385
Mean+ 1 SE 54.1+5.95 27.6 +548 -2.4863 0.0129 23

Table7. Average massof legf litter gathered from two 1 m x 1 m transectsin three
monoculture plots of Hyeronima alchorneoides and in three polyculture plots of Hyeronima
alchorneoides, Euterpe oleracea, and Heliconia imbricata at La SdvaBiologicd Station,
CostaRica

Ledf Litter Mass ()
Monoculture Polyculture Z-vdue P —vdue S
Pot 1 666.4 781.6
Plot 2 531.0 853.4
Pot 3 643.3 797.6

Mean+1SE  613.5+41.82 810.9 + 21.76 2.48199 0.0131 55

Table 8. Average diameter breast height (DBH) in centimeters of Hyeronima alchorneoides
treesin monoculture plots of H. alchorneoidesand polyculture plotsof H. alchorneoides
Euterpe oleracea, and Heliconia imbricata & La SdvaBiologicd Station,

CodaRica

DBH (cm)
Monoculture Polyculture  F —ratio t P DF
Plot 1 189(n=8) 169(n=9)
Mot 2 197(n=8) 187(n=9)
Mot 3 17.3(n=8) 191 (n=8)

Mean+1SE  186+0.756 182+0663 01863 0432  0.6680 48
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Table 9. Average above ground biomassin kilograms of Hyeronima alchorneoidestreesin
monoculture plots of H. alchorneoides and polyculture plotsof H. alchorneoides, Euterpe
oleracea, and Heliconia imbricata a La SdvaBiologica Sation, CostaRica. Biomass

caculated using the wet tree biomass equation from Anderson and Ingram (1989). Height held
condant & 7.62m

Aboveground Biomass (kg)
Monoculture Polyculture  F —rdio t P DF
Plot 1 67.5(n=8) 539(n=9)
Plot 2 701 (n=8) 63.7(n=9)
Mot 3 560(N=8) 67.6(n=28)

Mean+1SE  64.5+4.33 61.8 + 4.08 02395  0.489 0.6268 48
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The effectiveness of extrafloral nectariesin preventing herbivory of Passiflora vitifolia

(Pessifloracese)
Category: Independent Project
Paticipants  Gregory S. Mitchell and Nicole M. Donovan
Site LaSdva
Keywords.  Ant-plant interactions, extraflora nectaries, herbivory, Passiflora vitifolia
Introduction

Extreflord nectaries are nectar
secreting glands found outsde of the flower
and are a common feeture of many tropica
plants (Betly 1977). They ae
hypothesized to protect the plant agang
herbivory in a two-step process. Fird, ants
are atracted to the nectar in the extraflord
nectaries. Previous research has shown that
increedng  extreflord  nectar of plants
atracts additiond ants and diminging
extreflord nectar by covering the nectaries
results in reduced ant vigtation (Clarke
1991, McLennan 1990). Second, ants
protect the plant fom herbivory by killing
or forcing potentid herbivores off the plant
(Wolin 1979).

We dudied the effectiveness of the
extrafloral nectaries of Passiflora vitifolia
in atracting ants to prevent herbivory. The
presence of ants on Passiflora plants has
been shown to reduce herbivory, but in
addition to ant presence, the number of ants
present on a plant may aso have an effect
on the amount of herbivory sudtained by
that plant (Walin 1979). More ants would
be more likely to encounter herbivores and
adso would be more effective a deterring
them. We invedigaed the connection
between the ant recruitment by extraflord
nectaries and ants role in preventing
herbivory of P. vitifolia. We hypothesized
that increesng the amount of extreflord
nectar made available by P. vitifolia would

increase ant recruitment and that increased
ant recruitment would decrease the amount
of herbivory sustained by the plants. We
dso hypotheszed that decreesng the
amount of extraflord nectar avalable to
ants would decrease ant recruitment, which
would cause the plants to susan more
herbivory.

Methods

P. vitifolia ranges from Nicaragua
to northern South America, and in Costa
Rica is mog common in low to midde
devaion moig and wet forest (Smiley
1983). We sdected P. wtifolia for our
experiment  because of its rddive
abundance and the presence of
congpicuous extraflora nectaries on the leef
magins and peioes The princpd
herbivores of P. vitifolia are hdiconiine
butterfly larvae, heliconiine adults, and flea
beetle (Alticini and Chrysomdidee) larvae
and adults (Smiley 1983). We conducted
our experiment from 11/18/98—-12/3/98 at
La Sdva Biologicd Resarve a lowland
tropica wet forest in the Sarapaqui region
of Coda Rica Our sample conssted of 21
shoots of P. vitifolia located in 5 discrete
aress in and surrounding the 34 and 45
year-old successond plots. We sdected 7
shoots to be in aether of two tretments or a
control. In the firgt treetment, we shortened
2 microcentrifuge tubes to 1/2 of ther
origind length and duct-taped them to the



gem of the shoot, a 1/3 and 2/3 of the
length of the focd section. We then filled
the tubes with a 2M sucrose solution. This
treetment was dedgned to dmulae
increased extraflord nectar production. In
the second trestment we covered dl vishle
extreflord nectaies with nall polish to
prevent ant access to the extraflora nectar.
This trestment was desgned to Iamulae
decressed or no extreflord  nectar
production. The 7 control shoots were not
manipulated. Because the extraflord
nectaries asociaed with  older, fully
expanded leaves often cesse nectar
production (Bently 1977), we included only
the 7 youngest leaves of each shoot in our
sudy in order to sandardize the number of
extraflord nectaries (2 petiolar and 4 on the
lesf margin per lesf) obsarved in esch
shoot. Before beginning each treatment,
eech investigator measured the initid area
(cnf) of herbivory presant in the focd
section of each shoot using a 100cn? grid,
and the two independent readings were
averaged for each leaf. One day dapsed
between stting up the trestments and initid
data collection on ant recruitment and nor
ant vigtors

Ant recruitment was defined as the number
of ants presant in the focd section of each
shoot and was measured d the beginning
and agan a the end of a 5-minute
obsarvation period. During the 5-minute
period, each of us observed one shoot and
recorded the number, locaion (i.e. sem,
leef, nectary, or fake nectary), and Order of
the non-ant vigtors to the focd section of
the shoot. We collected data on each shoot
8 times in the morning and 8 times in the
afternoon during the two week period. The
sugar solution in the fake nectaries was
replaced after each observation. At the end
of each week, the area of herbivory in the
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focd sections was agan messured. The
initid  herbivory  messurements  were
subtracted from the messurements at the
end of each week to determine a difference
in absolute herbivory over time. Herbivory
messurements  were compared  across
shoots under the assumption thet a given
herbivore will eat the same amount of |esf
materid regardiess of the totd lesf aea
avalable

Because the number of ants and
amount of herbivory was not normdly
digtributed, we andyzed the data using non
parametric datisticd tests. A Wilcoxon test
was used to determine whether there was a
difference in number of ants or herbivory
between morning and afternoon. Kruskal-
Wallis and Tukey-Kramer tests were used
to determine whether there were sgnificant
differences in number of ants or amount of
herbivory by trestment. A 2-way ANOVA
was usd to determine the effect of plant
location, trestment, and the interaction of
these two vaiddles Fndly, regresson
andyss was peaformed to tes the
relaionship between the average number of
ants per shoot and amount of herbivory per
shoot. All daidicd andyses were
peformed usng JMP datidicd andyss
program (SAS Inditute Inc. 1996).

Reaults

We obsarved that ants and non
ants vigted dl of the fake nectaries (pers.
obs), suggeding that they successfully
gdmulated increesed  extraflord  nectar
production. The nal polish treatment
aopeared to be successful in Smulating
decreased or no  extraflord  nectar
production because we obsarved that
nether ants nor nonants vigted the
covered nectaries (pers. obs). A 24-hour
observation period after gpplication of the
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nall polish reveded no adverse effects of
the nall polish to the leaves or ants.

A Wilcoxon tet reveded no
difference between the number of ants in
the moming ad in the afternoon (Z = -
0.57, df. = 1, P = 057). Data from the
morning and afternoon were therefore
pooled for further andyss A Kruska-
Wallis test reveded that the number of ants
per shoot differed by trestment (Table 1).
Specificdly, the sugar and control shoots
hed a higher number of ants than the nall
polish shoots, but themsdlves did not differ
in number of ants, (Table 2). The amount of
herbivory in each shoot dso differed by
trestment (Table 1). The control shoots had
the greatest herbivory and the sugar shoots
sudtaned the least herbivory. Differencesin
herbivory were ggnificant between eech
trestment (Table 3). A 2-way ANOVA
reveded tha trestment, plant location, and
the interaction of location and trestment
eech had a dgnificat effect on ant
recruitment, and the moded accounts for 38
% of the variance in the daa (Table 4).
Likewise, trestment, plant location, and
ther interaction Sgnificantly affected the
amount of herbivory on each shoot, and 41
% of the variance is included in the modd
(Table5). A regresson anadyssrevedstha
the average number of ants per shoot and
the amount of herbivory per shoot are
unrelated (R = 6.0 x 10°, df. =1, P=
0.99). The obsarvationa data reved tha
shootsin the sugar trestment had more non-
ant Hymenoptera vigtors then ether the
control or the nail polish shoots, and that
Diptera were the most common vistors to
al shoots collectively (Teble 6).

Discusson
Extraflord nectaries ae an
important srategy employed by plants to

prevent hebivory. The rexults of our
experiment suggest that extraflord nectaries
in P. vitifolia provide protection from
herbivory, but the patterns observed in our
results differed from our predictions In
particular, our results suggest that increasing
extraflord nectar production does not
necessily recruit more ants, and that ant
recruitment and herbivory are unrdated.
Furthermore, our results suggest that wasp
vigtation to the extraflord nectaries, not ant
recruitment, may be the plant's primary
defense againg herbivory.

We hypothesized that increesing the
extraflord nectar of P. vitifolia would
increese at  recruitment, and  that
decreasng the amount of extreflord nectar
would decrease ant recruitment. The shoots
with the nal polish trestment, Imulaing
shoots with decressed or no extreflora
nectar production, recruited fewer ants than
the control and sugar shoots, supporting our
hypothess. This is consgent Clakes
(1993) results obtained from covering the
extraflord nectaries of basa plants Unlike
Clarke' s (1993) reaults, however, the sugar
trestment did not recruit more ants than the
control shoots. This suggests that extreflord
nectar does atract ants, but that the plants
wee mod likdy dreedy maximaly
recruiting ants An incress2 in nectar
avaldblity, therefore, would have little
effect on ant recruitment (McLennan 1990),
but decreasing extraflora nectar production
or producing no extraflord nectar
ggnificantly reduces ant recruitment to the
plant. The sugar trestment shoots aso may
not have recruited additiona ants because
the sugar solution lacked amino acids found
in the extreflord nectaries of P. vitifolia
(Smiley 1983). Our data aso suggest that
plant location had a Sgnificant effect on ant
recruitment and that plants responded



differently to eech trestment because of
ther location. Differences in proximity to
ant colonies, ant pecies a a particular
location, and microdimatic vaidion likdy
account for some of the variaion by
location. We observed two diginct ants
gpecies that did not coexist in the same
location (pers. obs). These species were
not present in amila numbers and may
have responded to changes in extraflord
nectar production differently. The ant-
recruitment modd accounted for less than
hdlf the variance in the data, suggesting that
additiond varidbles mogt likdy individud
differences between plants ae dso
dfecting at recruitment. Differences in
plat extraflora nectar quaity and other
physologicd or morphologicad variaions
could cause differentid ant recruitment
among individuds.

We ds hypotheszed tha
increadng the extrafloral nectar production
of P. vitifola would cause the plat to
udan less herbivory because of increased
ant recruitment, and tha decreasing
extraflord nectar production would cause
the plant to sustain more herbivory. The
results of our experiment are different then
predicted; in paticular, shoots with
decreased extreflord nectar (nal polish
trestment) had less herbivory than controls.
As with ant recruitment, the herbivory of
each shoot was dgnificantly affected by
plant location and location affected plant
repoonses to the treatments. Which
herbivores are preset in a paticular
location, risk of predaion/paradtiam
(induding by the species of at present),
and microdimatic  vaiaion  between
locations may change the susceptibility of a
plant to herbivory.. Individud differences
between plants, induding nutritiond qudlity
of leaves and drength of secondary
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compounds, probably aso account for
vaiance in the hebivory modd. These
variations between locations and individuas
dtered the affect of tretment on plants.
Additiondly, herbivores may have avoided
shoots with the nal polish trestment
because of the tage or smdl of the nall
polish

Because number of aits (ant
recruitment) and herbivory were unreated,
it gopears that ant recruitment in this sample
of P. vitifolia is not the plant’s primary
protection againgt herbivores. The assartion
that ant presence improves aplant’slevd of
protection from herbivory (Wolin 1979)
does not gppear to be true in our sample.
Wolin (1979) dso assarts, however, that
ant species, in addition to number of ants,
affects the levd of herbivory and thet the
number of ants necessary for a certain leve
of protection varies between Passflora
species. Our sample of P. vitifolia may nat
have had an ant species tha effectivdy
prevents herbivory. During the 2-week
experiment we never observed ants on any
of the plants atacking herbivores (pers.
obs.). Hespenheide (1985) hypothesized
that vigtors other than ants to extraflord
nectaries may be important in protecting
plants agang herbivory and tha some
plants may benefit more from parastic
Hymenoptera vigting the nectaries than
from ant vidtation. Predatory Hymenoptera
indeed vigt Pessflora and are dtracted to
extreflora nectaries. In our experiment, P.
vitifolia with the sugar treetment had many
more non-ant Hymenoptera visitors such as
wasps, and had much less herbivory, than
the other shoots. Mogt of these nontant
Hymenoptera vidtors were obsarved a the
fake extraflord nectaries (unpub. data).
These Hymenoptera, not the ants as we
predicted, may have been responsible for
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protecting the <hoots with the sugar
treetment agang herbivores and are likdy
the principa defenders of P. vitifolia inthis
dte agang herbivory.

Short term research & La Sdva has
been equivocd about the bendfits of
extraflord nectaries (Marquis and Braker
1994). Further ressach on the
effectiveness of extraflord nectaries on
preventing herbivory should be conducted
over the long-term with genticaly smilar
individuds in a homogenous habitat. This
would control for as many vaides as
posshle ad would dlow further
invedigation into the methods and
effectiveness of extreflord nectaries in
preventing herbivory. Much of the reseerch
on extrafloral nectaries has assumed thet ant
recruitment by extreflord nectaries is the
method by which herbivory is prevented.
Our research, however, srongly indicates
that recruitment of non-ant Hymenopterato
extraflord nectaries must be consdered as
an dternative Srategy to prevent herbivory.
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Table 1. Mean number of ants and mean herbivory by treestment (n = 7 shoots per treatment)
on Passiflora vitifolia, La SdvaBiologicd Resarve, CodaRica

Mean number of ants(SD)  Mean herbivory in ent (SD)

Sugar 8.90 (12.00) 2.51 (4.57)
Nail Polish 0.88 (1.74) 12.93 (15.43)
Control 8.32 (9.68) 19.34 (24.17)
Kruskd-WdlisTes  X?=191.75 X2=234.41
df.=2 df.=2
p < 0.0001 p < 0.0001

Table 2. Differencesin number of ants by treatment (n = 7 shoots per trestment) on Passiflora
vitifolia, La SdvaBiologicad Reserve, CotaRica
** =ggnificantat a = 0.05

Trestment Sugar (g*) Nail Polish (o) Control (*)
Nail Polish 6.06**
Control -1.33 5.45%*

Table 3. Differencesin herbivory by trestment (n = 7 shoots per treetment) on Passiflora
vitifolia, La SdvaBiologicd Reserve, CotaRica
** zggnificantata = 0.05

Tregment Sugar () Nall Polish (0*) Control (g*)
Nail Polish 6.83**
Control 13.32** 2.79%*

Table4. Effect of treetment, plant location and trestment -location interaction on ant recruitment
in Passiflora vitifolia (n = 21 shoots), La Selva Biologica Reserve, CostaRica. R =0.38

df. F P
Treatmant 2 47.83 < 0.0001
Location 3 26.32 < 0.0001
Treatment* Location 6 21.17 < 0.0001

Whole Modd 11 36.64 < 0.0001
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Table 5. Effect of treetment, plant location and trestment -location interaction on herbivory in
Passiflora vitifolia (n = 21 shoots), La SdvaBiologica Resarve, CostaRica R =0.41

df. F P
Treatment 2 74.14 < 0.0001
Location 3 35.40 < 0.0001
Treatment* Location 6 33.81 < 0.0001
Whole Modd 11 4221 < 0.0001

Table6. Summary of non-ant vistors to Passiflora vitifolia during 16 5-minute observationd
periods of 21 shoots a successond plotsin La Seva Biologica Reserve, CostaRica

Hymenoptera Coleoptera  Diptera Homoptera ~ Other Totd

Sugar 46 12 24 5 10 97
Nail polish 1 9 23 2 9 44
Control 5 15 18 3 10 51

Total 52 36 65 10 29 192
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Butterfly diversity and abundance in primary and secondary tropical wet forest

Category: Independent Project

Paticipants.  Susannah Nicholson and Michdle Hersh

Site LaSdva

Key words  Buitterflies, butterfly diversty, Lepidoptera Papilionides, primary fores,
secondary forest

Introduction divergty might therefore be expected to be

Long term monitoring of catan
gpedies can a3 in identifying changes in
biodiverdty (Sparow e d. 1994).
Butterflies can serve as ecologicd indicators
of habitat disturbance. Because the larva
sage in most Lepidoptera is dependent on
a spedfic hogt plant, species richness and
abundance depend on hogt plant diversity
(DeVries 1994). Therefore  butterfly
richness can indicste the amount of
disturbance that has occurred in a habitat
and messure its effect on diversty
(Sparrow et d. 1994). Buttefliesaedsn
sengtive to changes in  temperaiure,
humidity, light, and vegetation Sructure
parameters that are frequently affected by
habitat destruction (Sparrow et a. 1994).

Primay and seconday forests
often differ in plant and insect diversty.
Because a number of biotic and abiotic
factors are involved, it is often difficult to
predict goriori  whether primary or
secondary forest has a grester butterfly
diversty. Primary forest offers undisturbed
habitat to a number of Lepidoptera by
promoting complex food web interactions
(Gilbert 1980). For ingtance each species
of Heliconiinee is associated with a different
hogt plant species of Passflora (DeVries
1994). When hogt plants are destroyed
and the vegetation dructure is dtered as in
secondary forests, certain Lepidoptera may
no longer be ale to exit. Buttefly

lower in secondary forest. In contradt,
Lovgoy e d. (1986) document an initid
decrease after disturbance but a subsequent
increase surpassed  origind numbers  of
butterflies.  They attributed this to an
increase in light, which attracted more light
tolerant butterflies and plants to the
remaning forex while numbers in the
undisurbed hebitat remained condant
(Loveoy et d. 1986). Inthiscase butterfly
divergty was higher in secondary forest.

In this sudy, we investigated the
differences in butterfly abundance and
richness, hogt plant  goedfidty, light
preference, adult feeding preference and
light levels between primary and secondary
forex in order to gan indght on the
disturbance and diversty in both habitats.
We had no agpriori predictions as to
whether or not differences in butterfly
diversty would exist between primary and
secondary forests.

Methods

We conducted the sudy in primary
and secondary growth of the tropical wet
fores a the La Sdva Biologicd Sation in
Sargpiqui, Cogta Rica from November 19-
December 4, 1998. La Sdvaislocated in
the Atlantic lowlands of CogtaRica Mean
annud ranfdl is 3991 * 748 mm and the
mean annual temperature is 29.9 degrees.
At least 479 species of butterflies have
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been obsaved a La Sdva (DeVries
1994).

We censused butterfly populations
in two 50 m x 4 m transects of trall in both
primay and seconday foreds  The
primary transect was located on the
Sendero Sura near the Taconazo Creek
about 100 m from the Arboleda The
secondary transect was located 250-300 m
on the Sendero El Atgo near the Sura
Creek. The section of secondary forest
was dlear cut in the 1970s for pasture land
but has been growing dnce that time
(McDade and Hartshorn 1994). La Sdva
purchased the land in 1981 as part of the
Sargpiqui Annex (McDade and Hartshorn
1994). We used an Extech light meter
(Extech Ingtruments, Inc., Tailwan) to obtain
light messurements for evay 25 m of
transect in both forests.

We censused the butterflies in each
transect by capturing individuals with aerid
nets and by visud dghtings We darted a
opposite ends of each transect and walked
from one end to the dher to collect data
and cover more area during the sampling
time. We collected butterflies 2 m from the
tral on both sdes and only pursued
individuas that entered the transect. We
sampled for goproximately one hour per
day a each location dternating between
transects to account for variaion in light and
dimatic condition as wel as vaidion in
butterfly activity throughout the day. We
collected datafor atotd of 12 hours, with 6
hours per location in 6 days.

We idetified, maked, and
released dl butterflies that were. We noted
the 5 m segment dong the transect where
eech individud was caught or observed.
Individuds that we could not catch were
counted as visuds. Unless visuds were
sen in groups multiple sghtings of a

particular goecies were only counted as one
individud. We used DeVries (1987) to
identify al individuds and to determine tharr
hogt plant spedificity, thar light preference,
and ther adult feeding preference. We
categorized species for host plant specificity
as. a) generdig —if they fed on two or more
hogt plant families b) specidids 1 --one
family and two or more generac) spedidids
2 --one genera or d) specidigs 3 --one
goecies.  In categorizing light preference,
pecies were @) light loving, b) shede loving,
or ¢) both. We classfied adult feeding
preference by subfamily as: &) nectar and/or
pollen feeders or b) fruit, carrion, or feces
feeders.

We condructed graphs to illudtrate
the number of species found in both
transects and the numbers of speciesfound
in each 5 m range dong the transects. We
aso condructed agraph of light levelsaong
the transect and a species-time grgph to
determine if sampling time was adeguate.

We cdculated the Shannon-Weiner
diversty index (H': Begon et d. 1996) a
subfamily and species levd as wdl as
subfamily and species eveness (J) for
primary and secondary forests. We dso
cdculated the percet smilaity (S) of
species between both forests (S Todd
Shdly pers. com.). The formulawes S =
C/(A +B) x 100, where C = the number of
goecies in common between the two
forests, A and B = the number of species
found in primay ahd secondary forests
respectively. We compared subfamily and
goecies richness between primary and
secondary  forests udng the Shannon
Weing divergty index t-test comparison
(Todd Shelly pers. com.). We used the
JMP (SAS 1997) datidtical package to
perform a t-tex comparing differences in
lignt levds and c? teds comparing



differencesin hogt plant specificity, butterfly
light preference, and  adult  feeding
preferences between  primay  and
secondary forests.

Results

We obsaved a tod of 63
individuds 43 in the primary transect and
20 in the secondary transect (Table 1).
There were Sx different subfamilies with 17
species represented in the primary forest
whereas the secondary forest contained Sx
subfamilies and 11 species (Table 2). In
both transects, we found mogt individudsin
aress of high light. Of the four species that
overlapped between forests, we found
more individiels of those species in the
primary forest (Figure 1). Individuas were
not evenly disributed dong ather transect
(Figure 2). The speciestime curve Sarted
to plaeau in the seconday forest but
continued to increase in the primary forest
indicting that are sampling time was not
adequate (Figure 2).

The highest light meter reedings in
the primary forest occurred & 10 m and &
15 m in the secondary forest (Figure 3).
We noted two light ggos in the primary
transect, one from 015 m and a smdler
one from 45-50 m. There were light gaps
in the secondary transect from 15-30 m and
from 40-50 m.

Subfamily and species eveness was
dightly higher in the secondary forest (Teble
2). The two transects were 28.6 % sSmilar
in gpecies compostion. The primary forest
neither differed from the secondary forest in
subfamily richness (t = -0.268, df = 40.35,
P > 0.05) nor in species richness (t=
0.597, df = 60.8, P > 0.05). The primary
and secondary forests did not differ in light
levds host plant specificty, light
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preference, and adult feeding preference
(Table 3).

Discussion

Our results and measurements of
butterfly diversty in the two transects of
primary and secondary forest a La Sdva
reveded that the two habitats were amilar
in butterfly diversty as wdl as in generd
hebitat dructure.  The late successond
gage of the secondary transect combined
with the edge locaion of the primary
transect may help explain why we found no
differences in spedies richness, light leves,
hog plant spedifiaty, light preferences and
adult feeding preferences. However,
because we observed differences in species
abundance and composition between the
primary and secondary transects it is
difficult to generdize aout diversty in
different habitats.

We found more individuds and
goedies in the primary foret but little
overlap in species composition between the
two transects  Because butterflies are
connected with different hogt plants in the
larva stage and adults prefer certain plants
for feeding, possble differences in the
vegetation structure could cause differences
in gpecies compodtion.  Competition
among Lepidoptera, variation in leves of
predation and defense drategies such as
crypss and gposematic coloration may adso
account for differences in  species
composgtion and abundance. Our ability to
e ocatan gposemaicdly  colored
butterflies such as the Ithomiinee may have
caused us to cgpture more of these
individuds then butterflies with cryptic
coloration. Three of the four species that
overlapped between forests were in the
ubfamily Satyrinee.  Mogt Satyrids are
gengdiss and prefer undergrowth
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associated with light gaps (DeVries 1987).
We found light ggps in both transects which
may provide habitat for Satyrids in both
forests. As generdigts, Satyrids do not
require a spedific vegetation which suggests
thet they could exist in both habitats

The light levels did not differ in the
primary and secondary transects. In both
transects we observed a high variation in
light due to light gaps formed by fdlen trees
and deep shade from dense canopy. High
gpecies numbers corresponded with high
light levds. Many of the species that we
found were light tolerant species that are
attracted to light ggps. These species may
find their larva hogt plants and adullt feeding
plantsin these gaps.

The species time curve darted to
level off in the sscondary forest indicating
that our sampling was adequate to give a
good representation of the species found in
that area.  However, the curve for the
primary forest has not plateaued so it is
possible that the data are incomplete. Had
we continued sampling, we may have
obtained a more accurate representetion of
the species abundance and diversty.
Butterflies exhibit veticd drdification
within the forest (DeVries 1988), which we
were unable to census and include in our
Sudy. A more thorough sudy would
include bated traps, in addition to aerid
nets, to dtract and census species from
higher dratifications in order to examine the
diversty a dl forest levdsrather than justin
the undergory.

There was amore even didribution
of species in the secondary forest than the
primary. Severd gecies seemed to
dominate in the primary forex. For
example, we obsarved a large number of
Hediconius sapho leuce, which exhibit a

pupd mating sysem, in the primary fores.

In apupd mating sysem, maes flock to the
hogt plants to mate with femdes emerging
from the pupae (Erika Deinert pers. com.).
Because H. sapho leuce have a pupd
mating sysem and are specidists 3, we may
have observed more H. sapho leuce
individuds if thar paticular hogt plant was
located in our transect. However, we
recaculated the Shannon-Weiner index and
the eveness (H' = 1.047, J = 0.673)
exduding H. sapho leuce and we found no
differences, therefore suggeding that the
large number of H. sapho leuce did not
affect our diversity or evenessresults.

Even though there wes a low
percentege of amilaity between primary
and secondary forests, the two transects
did nat differ in subfamily or in gedes
richness  The foress are consdered
primary and secondary but upon closer
examination, the forests may have been
more gmila than we redized  The
secondary transect was located in a late
successond forest and the primary forest
may have edge effects because it was
located near one of the entrances to the
Arborleda, a didurbed habitat.  Edge
effects can influence species compogtion in
gmilar ways as disurbance. Edge habitat
dlows invader species, often generdids to
enter the forest and exist and compete with
interior gpecies (Noss and Cauti 1997).

We ds found no differences in
host plant specificity, light preference, and
adult feeding preference between the two
transects. Because there was no difference
in light levels between the two foredts, it
followsthet light preference would not differ
gnce the butterflies would have access to
gmilar light environments within transects
Smilaities between habitats could alow
comparable hogt plant gpecies to grow n
both aress and aitract Smilar numbers of



generdids and specidigs.  Smilar food
sources would dlow equd numbers of
nectar/pollen feeders and fruit/carrion/feces
feedersin both transects.

In concluson, we obsarved no
differences in butterfly diverdty between
primary and secondary forests wheress the
two forests differed in species abundance
and compogtion. Butterfly diversty may
not differ between these two habitats
However, it is possble that this reflects a
gmilaity beween hebitats and indicates
that edge primary forest may be amilar in
divergty to a late successond secondary
forest. Our results demondrate that it is
difficult to generdize about diveraty among
hebitats including primary and secondary
fored.  Indead, differet successond
sages may be required to maintain butterfly
diversty.
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Table 2: Butterfly soecies diversity and evenness based on the Shannon-Weiner diversity index
for two 50 m tropica wet forest transectsin La SdvaBiologicd Station, Sargpiqui, Costa Rica

Forest Type Divesty (H')by Eveness(J)by Divesty (H')by Evenness(J) by

subfamily sUbfamily Species Species
Primary 0.583 0.357 1.036 0.643
Secondary 0.608 0.467 0.989 0.760

Table3. Mean light levelsin two 50 m tropical wet forest transectsin La Sdva Biologica
Station, Sarapiqui, CostaRica

Forest Type Mean light levd (Iux) <. Dev

Primary 1031.19 838.07
Secondary 1326.67 574.28
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Fgure 1: Didribution of individuas of the different butterfly species found in two 50 m tropical
wet forest transects at La SdvaBiologica Station, Sarapiqui, Costa Rica
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Figure 2: Species-time curve for the number of different butterfly species collected in two 50 m
transects of tropical wet forest at La SdvaBiologica Station, Sarapiqui, Codta Rica
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Sdva Biologicd Station, Sargpiqui, Cota Rica
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Fgure4: Light levelsaong two 50 m rainforest transects & La Sdva Biologicd Station,
Sargpiqui, CostaRica. Readings were taken on adightly overcast day.
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Tempord and spatid memory in the giant tropica ant, Paraponera clavata

Category: Independent Project
Paticipants  LisaStano and Margaret Yu
Site LaSdva

Key words:

Introduction

The poneine at Paraponera
clavata employs severd draegies to
exploit locdized food sources effectively.
Foragers dten rdy heavily on pheromond
cues (Breed & Bennett 1985 and
demondrate a system of graded recruitment
in regponse to food quality, food quantity
and disance of resource to colony nest
(Breed et a.1987). Loca ground cues can
dso be important for short-range
orientation to food sources (Harison e
d.1988), and visud Ilandmaks ae
paticularly essentid to long-range ground
foragers (Baader 1996). In addition to
these sensory-based foraging mechanisms,
Harrison and Breed (1987, as cited in
London 1992) demondrated that P.
clavata has a capacity for tempord
learning. Ants were trained to arive & a
feeding dte of sugar solution & specific
times of day, exhibiting tempord memory
for the amulated nectar source.  In this
sudy, we further explore both tempord and
oetid memory cgpablities in P. clavata.
We hypothesized that 1) as a colony, P.
clavata will show dronger tempord
memory for higher-qudity nectar rewards,
and 2) individud foragers led repestedly to
a dmulated nectar source will be adle to
relocate the gdte in the dosence of a
pheromone trall, thus indicating short-term
Spatid memory for nectar source location.

Methods

Learning Paraponera clavata, spatid orientation, tempord memory

We paformed this udy a the La
Sdva Biologicd Station, Heredia Province,
Coda Rica, from 20 November to 6
December 1998. Nests of Paraponera
clavata normdly occur a the bases of
large trees, and workers forage primarily in
the canopy of the hog tree or adjacent
trees for nectar or arthropod prey (Y oung
& Hermann 1980). The cdeared understory
of the La Sdva arboretum dlowed easy
accessto nests of P. clavata.
Temporal memory

To examine tempord learning, we
located a P. clavata colony nest a the
base of Warszenicza  coccinea
(Rublacese) and performed two trids
lagting 6 and 7 days respectively. Though
foraging adtivity of P. clavata generdly
pesks during the night, the colony was
active throughout the day, enabling daytime
expaimentation. We performed the first
trid from 20-25 November between 1600
and 1800 h each day. Two feeding Stes
were edablished on the trunk 14 cm on
dther 9de of the main foraging trail and 98
cm from the ground. To verify that Stes
were far enough from the main foraging trail
to avoid random ant visitation, we observed
at activity for 30 minutes no ants
gpproached dther feeding Ste during this
time. Each feeding dte condged of a vid
cap (diameter 22 cm, depth 0.8 cm)
tacked securely to the bark throughout the
entire trid. For the same 30-minute period
on four consecutive days, we filled the Stes



with 30 drops of sugar solution, and
washed out the vid caps a the end of each
period. The feeding Ste on the left Sde of
the foraging trall was designated as “low-
qudity” and filled with 02 M sugar
solution.  The other dte was designaed
“high-qudity” and filled with 1.0 M sugaer
solution. We led a different ant to each ste
a the gart of the 30-minute period, usng a
drop of sugar solution a the tip of an
eyedropper. If ants were not recruited to
the smulated nectar source within 5
minutes, we led a second ant. We
recorded the number of ant vigts during this
30-minute training period. An “ant vist”

occurred when an ant came to afeeding Ste
and collected a vigble drop of solution
between its mandibles

The four traning days wee
followed by two test days during which no
sugar sources were provided. During the
test days, we redefined an “ant vist” as
when an at  crawled onto the feeding Ste
or began probing the ingde of the vid cap
with its antennee. Each test day, we
recorded the time of each ant vigt over a
90 minute interva: 30 minutes before the
supposed feeding time (“pre-feed” period);
the 30 minutes during which ants had been
provided with sugar on previous days
(“feed” period); and 30 minutes following
(“post-feed” period).

The second trid occurred from 30
November to 6 December and was
identicd to the first except for the fallowing
modifications. Frg, because an Azteca ant
colony had intefered with P. clavata
attempts to feed a both sugar Stes and
paticularly at the “high-quality” feeder, we
relocated the Stesto 21.5 cm on ether Sde
of the main foraging trail and 118 cm from
the ground. To creste an even more
diginct difference in resource qudity, we
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increesed the sugar concentration of the
“high-qudity” feeder to 20 M. Also, the
30-minute observetion periods of trid 1 test
days gopeared insufficient for adequate
comparison of ant vigts (see results).
Therefore, in addition to recording deta for
the three 30-minute periods, we decided to
compare each entire 90-minute ssgment to
a 90-minute control ssgment earlier in the
same day (1030 to 1200 h). For each 90-
minute segment, we recorded both the time
of ant vidts to feeders and the “ant treffic.”
We measured ant traffic by recording the
number of times ants crossed the horizontal
line between the two feeders. This dlowed
us to compare the percentage of foraging
ants that visted the feeders rather than the
absolute number of ant vigts, which may be
affected by vaidion in ant activity. We
aso recorded data for a third test day.
However, at vidtaion on this day was
relaively equivdent between the two 90-
minute intervas (see  reaults), likdy
indicating loss of memory. We therefore
did not incdude these data in datidica
andyss

A pared t-tet compaed ant
vigtaion to the high and lowqudity Stes
during feading days in trid 1, trid 2, and
when daa from the two trids were
combined into one . A two-way
ANOVA was paformed on the entire set
of test days (i.e, trids 1 and 2 combined)
to determine if resource qudity affected ant
vigtation, or if at vigtaion differed
between successve test days. Thisandyss
was performed on each type of 30-minute
interva (i.e, “pre-feed,” “feed” and “pos-
feed” periods). Since nether resource
qudity nor tes day afected ant vigtaion
(see results), we combined data points for
each feeder and tet day into one data .
The Kruskad-Wallis test was then usd to



198

determine if number of ant vidts on text
days differed dgnificatly between pre-
feed, feed and post-feed periods. For trid
2, a t-tex compared the percentage of
foraging ants that visted the feeders during
the entire 90-minute test periods and the
control periods ~ All datidics were
performed usng the IMP andys's program
(Sl & Lehman 1996).

Spatial memory

We located a different colony of P.
clavata to explore dhort-term Spatid
memory for nectar sources. To tran
individuas to a specific food gte, we placed
two drops of
20 M sugar solution on the bark of the
tree, a kast 0.5 m away from the man
foraging trail to minimize interference from
other foraging ants. We led a foraging ant
to the sugar source using solution a the tip
of an eyedropper and dlowed it to feed for
3-5seconds. We then placed afunnel over
the ant and did the funnd horizontaly 13-
16 cm away from the sugar source to a
“darting point.” We removed the funnd
when the ant was oriented in the direction
of the food source, and led the ant directly
to the source. We dlowed the ant to feed
for 3-5 seconds and repeated the above
procedure, leading the ant for a totd of
three times from darting point to food
source. If an ant could not be led for three
consecutive times, we discontinued further
experimentation with the ant.

If the ant was led sucoessfully, we
proceeded with testing of spatia memory.
When the ant completed the third leed, it
was again dlowed to feed for 3-5 seconds.
We then moved the ant with the funnd to
the same darting location. When the ant
was oriented in the direction of the food
source, we removed the funnel but did not
leed it upon release. If the ant relocated the

source, it was dlowed to feed as above.
This was performed three times. We then
moved the ant with the funnd as before, but
rdeased it (unled) when oriented in the
opposite direction. If the ant relocated the
source, it was alowed to feed as above.
This was adso peaformed three times
Becaue ants tended to move in the
direction of relesse, vaiaion in release
direction corrected for random discovery of
the food source. Also, because a previous
Sudy found thet food rewards were unlikely
to be discovered a digtances of more than
10 cm (Breed et d. 1996), the 13-15cm
displacement was assumed to be gresat
enough to prohibit random discovery of the
reward. In none of the trids was the ant
obsarved to drag its gaster dong the
substrate, which would indicate pheromond
marking (Breed & Bennett 1985). Thus
successful completion of the tet would
indicate use of gpatid orientation and
memory.

If the ant successfully completed the
Sx teding trids, we recorded a “postive’
regponse. If the ant falled to rdocate the
source within 1 minute of rdesse in any of
the sx trids, we recorded a “negative’
response and a that point the experiment
was discontinued with the ant.

Reaults
Temporal memory

The number of ant vigts did not
differ sgnificantly between the high and
low-qudity Stes during the feeding days of
dther trid 1 or trid 2, or when the feeding
days from each trid were combined (Table
1). Ant vigtaion dso did not differ
between the two test days or between the
high axd lowqudity feeders, when
andyzed within each 30-minute period
(Table 2). Therefore, we could include



both feeders and dl the test days when
comparing ant vugtation between pre-feed,
feed and post-feed intervals. No Sgnificant
difference was found in ant vigtaion
between any of the intervads (Kruska-
Walis of = 2; ¢? = 3.7035; P = 0.1570).

However, because we did not
expect ants to arive pefectly on time for
the feed interva, we subdivided the 30-
minute intervas into 10-minute periodsfor a
more detalled bregkdown of ant vigtation.
This higher resolution dlowed  for
anticipation of the feed intervd and inexact
timng. A bar grgph of the 10-minue
periods (trids 1 and 2 combined) reveds
raively high ant vigtation jugt prior to the
tes period. This grgphic depiction more
accurately  characterizes the  90-minute
interva: low numbers of ants vidted the
feeders for the mgority of the pre-feed
period, and ant vigtation increased sharply
as the feed period gpproached (Figure 1).
The 90-minute tex intevas of trid 2
included this anticipation.  Consequently,
mean ant vidtation during the 90-minute test
intervds was dggnificantly grester than
during the contral intervas (test/control
ratio of ant vigtation = 3.46, SD = 2.05,
Table 3). As noted in methods, data from
the third tex day of trid 2 were not
indluded in any of the datigicd anaysss,
snce vigtation during the tes and control
intervds  was  rddivdy  eguivdent
(test/control ratio = 1.31, SD = 0.14).
Spatial memory

Out of gpproximady 50 P.
clavata individuds 21 wee led
successvely for three consecutive times to
the sugar solution ste  Of these 13
individuds (61.9 %) gave a pogtive
response by completing dl trids, and 8
individuds (381 %)gave a negdive
response.
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Discussion

Our results provide further evidence
for tempord memory in Paraponera
clavata. Though ants did not arive
precisdy a the dat of the 30-minute
feeding intervd on test days breskdown
into 10-minute periods reveds tha ants
anticipated the feeding time. Also, while ant
vigtation on test days did not decrease
immediatdy dfter the feeding time, this is
likely due to incomplete emptying of vids
Remnant sugar left in vids at the end of the
training period would cause ants to continue
vigting the Stes during bath training and test
days. Comparison of broader, 90-minute
intervals corrected for inexact timing of ants
and incomplete sugar solution remova. A
gregter proportion of foraging ants visted
the sugar sources during the 90-minutes
containing the feeding time then during the
control intervd.  This indicates that P.
clavata individuds can remember when
nectar resources will be avalable & a
paticular Ste, an ability that would dlow
more effident explaitation of this cydicaly
avalable resource (London  1992).
Evidence of tempord learning is conagtent
with dudies performed by Harrison and
Breed (1987, as cited in London 1992), in
which ants were trained to return to a sugar
water gte a specific times of day.

We further proposed that the
colony would show grester memory for a
high-qudity sugar source than a low-qudlity
source.  Because P. clavata exhibits
graded recruitment in response to resource
qudity (Breed et d. 1987), we assumed
that more ants would vigt the high-gqudity
solution during traning, resulting in grester
vigtaion during tet days The reallts
contradicted our predictions, indicating
eguivaent vigtation regardless of resource
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qudity. However, recruitment to each
feeder was dso unexpectedly equivdent.
This is likdy due to large numbers of
Azteca ., a smdl but highly aggressve
species of ant, which often swarmed the
high-qudity feeder and prevented P.
clavata individuds from reaching this
resource during training days of

trid 1. If Azteca had not interfered with
recruitment to the high-qudity feeder, more
ants would have visted the feeder on
training days and likely on test daysaswell.

Nonetheless, our results may aso
uggest that individuds ants remember dl
food sources equdly, regardless of qudity.
This would cause equivdent vidtation to
Ugar Steson test days, assuming equivaent
recruitment on feeding days However,
because Azteca intefeence gredly
afected our results variaion in memory
drength among individuds should not be
disregarded. Differencesin resource quaity
may cause differences in memory srength:
high-qudity dtes may dict sronger and
more lagting memory than lowquality Stes.
This could be investigated by examining the
decrease in the number of ant vigts through
uccessve test days If memory for ahight
qudity gte is longa-lading, ant vigtaion
will decrease & a lower rae for a high
quaity dte than for a lowqudity gSte
Future dudies could examine this by
marking individua ants and observing the
numbers that returned to the Site across test
days.

As we expected, some P. clavata
individuals dso showed the capability to
remember location of sugar Steswithout the
ad of pheromond cues This indicates
accurate short-term spatid orientation and
memory, a least for nearby sugar sources.
However, the extent to which spdid
memory depends on visud cues or an

innate sense of direction isundear. Though
the surface of the trunk was highly uniform
in both color and texture, and visud cues
were absent from the sugar Ste, the ants
may have been ale to discriminate
between smilar bark surfaces to reocate
the ource. Ants might aso rdocate Stes
smply by remembering the correct direction
to locate the reward; this may be more
likdy, as ants that gave a “pogtive’
response moved rgpidly and immediately to
the sugar dgte gopaently  without
methodica evauation of surroundings

However, though P. clavata
gopears to have the capacity for spatid
orientation and memory, the mgority of
ants could not relocate the sugar gte.
Because dl tested individuds were actively
looking for food prior to manipulaion, we
presumed that the sugar source would be
equdly vduable to each individud. Thus
differences in desre to relocate the reward
were not likely. Other sources of variation
may explan the ability of only some antsto
rdlocate the sugar Ste  Individuals may
vary both in capadity to remember dte
location and in foraging experience. Better
goatid memory andlor grester foraging
experience (Baader 1996) may enable
some individus to better remember visud
cues or direction.

Furthermore, type of foraging
adivity may influence gatid memory
cgpabiliies and utilization of visud cues
Baader (1996) demondrated that ground
foragers, paticulaly  individuds that
foraged for long ranges, relied heavily on
visud landmarks for orientetion on the
forest floor and relocation of the colony
nest. Harrison et d. (1988) aso found that
ants foraging near the tree base preferred to
ue visud ground cues than pheromone
tralls. Canopy foragers, on the other hand,



likdy depend on both pheromond and
visud cues for short-range orientation to
food sources (Harison e d. 1988).
Pheomone trals may be paticulaly
essentia for travel on trunks and branches,
where diginct visud landmarks are lacking.
Because dl individuds we tesed were
canopy foragers found on the trunk, spatid
orientation and &bility to remember visud
cues may be relatively unimportant for these
individuds Experimentation with a grester
sample sze of both canopy and ground
foragers would darify the importance of
goatid memory in different types of foraging
activity.
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Table 1. Resultsof paired t-test comparing number of Paraponera clavata viststo high and
lowquaity sugar solutions during training, & La SdvaBiologicd Saion, Costa Rica

n Mean numbe SD t-test P-vdue
of vigts
Trid 1 (High) 4 36.79 10.08 1.5988 0.2082
(Low) 4 61.00 25.07
Trid 2 (High) 4 75.75 16.42 3.1485 0.0513
(Low) 4 28.75 13.72
Overd| 8 56.25 24.36 0.6818 0.5173

Table 2. Reaults of two-way ANOVA examining effects of sugar solution qudity and test day
on the number of Paraponera clavata vidtsto feeding Stes, a La SdvaBiologicd Station,
CogaRica Antswere observed a the same time on two test days following feeding days
Reaults are given for three intervas 30 minutes before the supposad feeding time (“pre-feed”);
the 30 minutes during which ants had been provided with nectar during feeding days (“feed’);
and 30 minutes following (“ post-feed”).

n P-vdue F-rdio

Pre-fead (Qudity) 8 0.7878 0.0806
(Day) 8 0.7878 0.0806

Feed (Qudlity) 8 0.4810 0.5792
(Day) 8 0.2488 1.7021
Post-fead (Qudlity) 8 0.5909 0.3293
(Day) 8 0.1667 2.6157

Table 3. Reaults of t-test comparing percentages of foraging Paraponera clavata antsthat
vigted feeders during two 90-minute intervas: the test period containing the feeding timeto
which the ants were trained and the control period earlier in the day. Study was performed at
LaSdvaBiologicd Station, CosaRica

n Mean % Standard ttes P-vdue
Vigtaion error
Test period 4 45556 0.544 3.852 <0.0084

Control period 4 1.5921 0.544
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Figure 1. Paraponera clavata vidtation to feeding sites over a 90-minute period, on days
when sugar solution was not provided. The 90-minute period is subdivided into nine 10-minute
intervals. Each bar represents the mean number of ants that visited the feeding Sites during the
10-minuteintervd. Intervas 4-6 represent the 30-minute period during which the ants were
provided with sugar solution during feeding days. The 30-minute periods before and after this
feeding time are represented by intervas 1-3 and 7-9, respectively. Study was performed & La
SdvaBiologicd Station, CostaRica
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Introduction

Ants (family Formicidee) ae a
magor component of biota in the tropics.
They comprise nearly one third of the
animd biomass of the forests (Erika
Denert, pas comm.). They ae socd
insects, and use chemica sgnds within their
colonies for purposes of emigration to new
gtes, new nest condruction, defense of the
colony, and to communicate informetion
about food sources (HAlldobler and Wilson
1990). Communicating about food sources
for retrieva purposes is cdled recruitment.
Ants use pheromones for recruitment, as
well as viaud displays Pheromones ae
chemicas secreted by exocrine glands near
the tip of the abdomen in ants (Bradshaw
and Howse 1984). There are two forms of
recruitment. One is a more primitive form,
cdled tandemrunning. Thisis the process
by which the scout of the ant colony returns
to the nest after finding a food source and
recruits a Sngle worker. As they go back
and forth between the nesx and food
source, pheromones are laid on the ground,
and more ants ae recruited (Preston-
Mafham and Preston-Mafham 1993). A
more advanced form of recruitment is a
mass recruitment system. This sysem isone
in which a scout finds a food source, then
reports back to the net leaving a
pheromone trail from the food source to the
nest. At the nedt, some species peform
“waggle’ ggnds, which cues other
individuds to fallow, and a number of ants

Ants, foraging, Formicidae, pheromones recruitment

leave the nest in search of the food source.
The initid number of workers is typicaly
too high for the amount of food due to
cowding, O some ants leave without
leaving atral. The antstha successfully get
the food return to the nest leaving a trall

gnce trals tend to lagt only a few minutes
(Holldobler and Wilson 1990). Whereas
the primitive sysem recruits one at & a
time, the more advanced sysem of
recruitment atracts many ants & once. In
addition to dtracting net mates
pheromones aso function to orient othersto
the food source (Bradshaw and Howse
1984). Hdlldobler and Wilson (1990) dso
date that ants have the ability to control the
number of individuds recruited by the
amount of trall pheromones excreted.

This sudy focuses on recruitment
behaviors of ants based on food qudity and
quantity. The two hypotheses of this Sudy
ae tha 1) ants will prefer protein to
carbohydrates, and that 2) recruitment will
be higher to high densty food sources than
to low dengty food sources. | predict ants
will choose protein over carbohydrates
because in genad, proten is found in
insects, which requires that the ants locate
and then kill ther prey. This takes more
energy then returning to a known nectar
source. Similarly, since ants have been
shown to contral recruitment rates, | predict
they will sgnd for higher recruitment a
high-density food sources.



Methods

The study Ste was the arboleda a
La Sdva Biologicd Reserve, Sargoiqui,
CogaRica Sugar and tunafish were used
as food baits, each at 1g and 2g dengties.
The sugar sarved as a source of
carbohydrates while the tuna served as a
protein source. For each trid, bait was
weighed in dishes and placed gpproximatey
one foot off the tral a random, unique
locations in the arboleda. The sets of four
dishes were placed eguidigant from the trall
in arow with about one cm between dishes.
The order of dishes dternated between tuna
fish and sugar to dealy separate the
different densties Each of the trids had a
duration of one hr. All trids were
performed between 23 November and 2
December 1998 between the hours of 7:30
am and noon due to decreased afternoon
activity. | recorded the time of the firg
ariva to each dish to see if regponse time
vaied between trestments to see which
baits were mod étractive to the ants
Theredfter, the number of individuds of
each morphospecies to vidt each dish was
recorded, dong with the time they visted,
to measure recruitment rates.  After one
hour, the dishes were taken back to the lab
and weighed to cdculate the weight taken
or eaten from each dish.

Number of vigts to tuna or sugar,
and number of vigtsto high or low dengties
were compared for four morphospecies of
ants with chi-square tests performed by
hand. Time of firg arriva to each dish was
compared between bats and dengty
trestments with nonparametric  Wilcoxin
rank sum tedts, and t-tests were used to
compare weight of bait taken between high
and low dengty trestments for tuna and
ugar usng IMP (Sal and Lehman 1996).
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Reaults

There were four most common
morphospecies that vidted the dishes
secies of the genera Ectatomma,
Aphaenogaster, and two species of
Pheidole, denoted Pheidole red and
Pheidole black. Ectatomma ae large
black ants, Pheidole red are tiny red ants,
Pheidole black are amdl black ants, and
Aphaenogaster are large red ants.  Two
morphospecies, Pheidole red and
Aphaenogaster, showed no preference for
tuna or sugar, however Ectatomma
prefered tuna while Pheidole black
preferred sugar (X2 = 22,5, df = 3, P <
0.05; Table 1). Ectatomma, Pheidole
red, and Pheidole black dl preferred high
dendties of bat, while Aphaenogaster
preferred low-dengity baits (X2 = 109.4, df
=3, P<0.05; Table2). Overdl therewas
no difference in the number of individuds
vigting tuna vs sugar (Table 1).
Interestingly, however, 28 times more
individuals visted high-density baits than
low dengty baits even though there was
only 2 times more bat in the high-dengty
dishes (Table 2). Waeghts of tuna and
ugar teken or egten did nat differ among
dengity trestments (Table 3). Initid time to
arivd was not rdaed to bat or densty
treatment (Teble 4). Mean arivd times
were, however, quicker for high-dengty
dishes than low-dendty dishes, and aso
quicker for tuna than sugar (Table 5). The
cumulative number of individud vigts to the
dishes was highest for Pheidole red and
lowest for Aphaenogaster (Figure 1).

Aphaenogaster took larger chunks
of tunathan did Ectatomma. Ectatomma
and Aphaenogaster dso vaied in the
manner in which they consumed the sugar.
Ectatomma dtayed in the dish and ate the
sugar, while Aphaenogaster rolled the
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sugar into balls and took the balsaway. In
addition, Ectatomma initidly visted the
tuna dishes, but switched to sugar laer
during the trids, usudly in the second hdf of
the hour. Another interesting observation
was tha both Ectatomma and
Aphaenogaster occasondly jumped awvay
from dishes when those dishes contained
gther Pheidole red or Pheidole black.
Thee sndler ants peform phragmoss
which is the process of keeping others out
of an area by pushing them out with ther
heads (Hdlldobler and Wilson 1990). The
two large morphospecies, Ectatomma and
Aphaenogaster, sometimes shared the task
of carrying back large chunks of bait with
another individud of the same pedies. This
occurred when one individud was dearly
having difficulty picking up and carrying a
chunk. In addition to the four
morphospecies in this sudy, there were a
least four other species of ants that visted
the dishes, but a a much lower densty.
Other vigtors to the tuna bats included
Coleoptera, Diptera, and Orthoptera.

Discusson

The data show equivoca support
for the hypotheses that ants will prefer tuna
to sugar, and that ants will have higher
recruitment to higher dengties. Bait and
densty preference was dependent upon the
Species visiting the bat. Bat preference
could depend upon the energy needs of the
particular pecies. Ectatomma, who chose
tuna, may need a higher protein diet due to
colony activities, while Pheidole black may
need less protein because of its amdl sze.
Aphaenogaster  preferred  low-dengty
trestment whereas the other three species
vidted high-dengty trestments more often.
Thee may be affident bat for
Aphaenogaster in the 1g samples so it can

gpecidize on the lower-dengty baits. For
gndl spedes such as Pheidole red and
Pheidole black, larger samples may dlow
for higher recruitment due to the larger area
covered by the bat, thereby resulting in
more room for collecting food s€nce
recruitment is partidly due to avaldbility of
goace for individuds (Bradshaw and
Howse 1984). Even though there was no
relationship between mg of bait taken and
dengty of bait in the dish, cumulaively more
mg of high-dengity bait was eaten than low-
dengty bait. For tuna, 71.0 % more weight
was teken or eaten from the 2g samplethan
from the 1g sample. Likewise, 62.2 %
more sugar was egten from the 2g sample
then from the 1g sample  Arriva times
were not related to bait choice with respect
to bait type and bait densty. This could be
due to the dose proximity of dl the dishes
to each other.

Thee wee dfferences  in
recruitment for different soecies over time.
Ectatomma exhibited a dow and seady
initid  recruitment, but recruitment rete
increased & 20 minutes. Pheidole red had
high recruitment overdl, but & 15, 25, and
35 min, recruitment levels off for those 5
min intevas At 40 min, Pheidole red
seem to have equilibrated the number of
individuds vigting the bats sending no
extra individuds who cause plateaus in the
dope of the grgoh by not returning.
Pheidole black dhow a dow initid
recruitment with an increase in number of
individuds dter 35 min for 10.
Aphaenogaster showed a dow increase in
number of vistors to the bats. They had
reldively congant recruitment for the full 60
min.  Recruitment dso varied with bait
(Figures 2 and 3). Pheidole black showed
a jump in number of vistors but then the
number leveded off for tuna, however



recruitment continued to sugar after the
intid riee in recqutmet.  Ectatomma
showed Seedy recruitment to tuna from
ealy on, but bardy visted sugar until 25
min, and then had adightly lower dopethen
to tuna  Nether Aphaenogaster nor
Pheidole red show much difference in
recruitment to tuna.or sugar.

The difference in dopes of the ants
may reflect variation recruitment Srategies
Pheidole black may have a primitive
recruitment method, darting out tandem-
running and therefore leading to a dow,
Seady incresse in vigtaion. Then, when
enough of a pheromone tral is in place, a
gonificant increese in vidtation  results
presumably when the pheromone trail had
been fully crested. Pheidole red, on the
other hand, may use a mass recruitment
sydem, evident by a few initid vigtors to
the food sources, then a stegp increase in
the number of vigtors. Mass recruitment
may be beneficid to this gpecies because
they tend to forage in large groups. These
groups tend to stay and eat a the food
source ingead of bringing the food back to
the net a Ectatomma ad
Aphaenogaster do. Because of this, itis
mogd efficent to the aits to have a
mechanism to communicate food sources to
the entire nest a once insead of wading
time, and therefore energy, by going back
and forth between the nest and the food
source  dowly  recruiting  individuds
Recruitment of Ectatomma may result from
tandemrunning, with dow  intid
recruitment, and then an increese in
recruitment rae. Likewise,
Aphaenogaster  recruitment may be
tandemrunning recruitment, with a Steady
increase in vigtors for the entire duration of
the trids  This deady increase without a
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change in dope may dso be partidly due to
alimited populaion sze, where dl avaldble
individuds are repeatedly visting the food
SOUrces.

At La SdvaBiologicd Reserve, ant
recruitment patterns seem to vary among
goecies.  Each gpecies seems to have a
unique recruitment sysem within the two
mgor types which corresponds to foraging
habits and population szes of the species
In generd, ants eat tuna and sugar equdly,
however they tend to be attracted to larger
amounts of baits
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Tablel. Numbersof visitorsto each bait for each gpecies of ant a La SdvaBiologica
Reserve, Costa Rica

Ectatomma Pheidole red Pheidole black  Aphaenogaster Totds

TunaFsh 181 271 80 32 564
Sugar 112 269 115 39 535
Totas 293 540 195 71 1099

Table2. Numbersof vigtorsto high and low bait dengty trestments for each species of ant at
LaSdvaBiologicd Resarvein CodaRica

Ectatomma Pheidolered Phedole black Aphaenogaster  Totds

High 179 464 138 28 809
Low 114 76 57 43 290
Totals 293 540 195 71 1099

Table3. Summary of t-tests comparing high and low dengty baits with respect to mg of bait
taken by antsa La SdvaBiologicd Reserve in Codta Rica

t-tex of SE P Densty Mean SD

Sugar 0692 10 412 05048 Low 458 538
High 743 854
Tum 0543 10 865 05987 Low 1595 1505
High 2065 149.1

Table4. Results of Wilcoxin rank sum test comparing the effects of type of bait and dengty of
bait with time to firgt arrival by ants at La Sdva Biologicd Reservein Coda Rica

Z P

Sugar vs Tuna Low -0.721 0.4712
High -1.041 0.2980
Low vs High Sugar -0.400 80.689
Tua -0.881 0.3785
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Table 5. Means and gandard errors of time, in minutes, of firg arriva of ants a four types of
bats 1) low-densty tuna, 2) high-dengty tuna, 3) low-dengty sugar, and 4) high-dengty sugar
a LaSdvaBiologicd Resarvein CosaRica

Tua Sugar
Mean SE Mean SE

Low 11.82 313 16.11 434
High 10.22 4.69 13.34 218
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Figure 1. Cumulative number of vigtors of four ant morphospecies to tunaand sugar baitset La
SdvaBiologicd Resarve in CotaRica
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Rhizobium nodulation of Pentaclethra macroloba seedlingsin varying light regimes

Category: Independent Project
Paticipants:  Ravo-Erik René Vihman and Athena Dodd
Site LaSdva

Key Words:  Light availahility, legume, nitrogen fixation, nodulation, Pentaclethra

macroloba, Rhizobium

Introduction

Mog legumes engage in mutudidic
raionships with Rhizobium a genus of
nitrogen-fixing bacteriawhich forms nodules
on the roots of ther hogt plant. While the
hog plant gans a continuous supply of
metabolizable nitrogen from the nodules, the
Rhizobium obtains carbon in the form of
carbohydrates from its hogt (Raven et d.
1971). Roughly 90% of mimosoids, 70%
of caesdpinoids, and 98% of pailionoids
have been found to engage in rhizobid
symbioses (Allen and Allen 1981). The
ability to form rhizobid assodiations, dong
with mycorrhizal assodaions dlowing for
increesed  minerd  uptake,  dlows
leguminous plants to grow and thrive in
nutrient-poor soils. In Neotropica lowland
ranforests, legumestypicdly condtitute 12-
15% of totd tree flora (Rundd 1989).

Pentaclethra macroloba
(Mimosacese) is a canopy tree with
Rhizobium-nodulated roots, dominant in
the Atlantic lowland rainforests of Coda
Rica (Hartshorn 1983). Pentaclethra
macroloba tends to be abundant on poor
s0ils but aasent from richer, recent dluvid
s0ils, gpparently because it is not able to
take advantage of nutrient-rich soils to the
same extent as other species (Oberbauer
1983). However, Oberbauer (1983) found
thet in dd dluvid soils, P. macroloba can
be limited by nitrogen. Although nitrogen
was sufficient for dow growth retes of fully

sheded seedlings, it was limiting for faster
growth rates of seedlings growing in partid
shede or full sun. Where nitrogen is limiting,
rhizobid associaions can be expected to
increase growth rates and vigor of legumes.
However, hog plants growing under low
light condiitions in nitrogen-poor soil may be
more limited by carbon then nitrogen and
will therefore be undble to dlocae
cabohydrates to rhizoblaa. We can
therefore expect a spectrum of nodulation
(totd nodule mass) across plants from
different  light  ewironments  with
correspondingly  different  carbohydrate
production abilities.

In this dudy we examine the
vaidion in Rhizobium nodulaion of P.
macroloba seedlings growing under a
gpectrum of naturd light environments. We
hypothesized that seedlings growing in light
gaps would show more nodulation than
seedlings growing under dense canopy, and
that nodulation would be corrdated to
canopy cover. Seedlings under dense
canopy ae expected to have insufficient
cabohydrate production to mantan
rhizobia On the other hand, seedlings
growing in light gaps are expected to have
aufficdent carbohydrate  production to
support rhizobia and would in turn require
the nitrogen provided by the nodules for
increased growth and metabolic rates.

Methods



This sudy was conducted a La
Sdva Biologicd Station, Heredia Province,
Codta Rica in November 1998. Forty-Sx
P. macroloba seedlings were located in a
gpectrum of light conditions throughout the
forest. Thirty-nine of the seedlings were on
redud, ultisol soils which comprise
roughly two-thirds of the La Sdva forest
(Parker 1994). Reddud soils are highly
wegthered, and rdatively less fetile and
more acidic than the dluvid inceptisols and
entisols which comprise the remaining land
area  Stes on ultisol soils were chosen
because nitrogen content is generdly lower,
and therdfore potentidly more limiting in
thee s0ils then in dlwid soils The
remaining seven seedliings were on old
dlwvid soils

To control for plant mass, only
seedlings which lacked cotyledons and
were shorter than 0.65 m tall were sdlected.
Seadlings with cotyledons  ill  atached
were rgjected because seedlings can persst
on the high nutrient content of the cotyledon
for a dgnficat potion of thar
establishment time (David Clak, pers
comm.). Seedlings tdler than 0.65 m tdl
were rgected to minimize the confounding
effects of plant mass on nodulation.
Seadlings were excavated with a shove by
cutting a drde of roughly 0.5 m diameter in
the soil around the seedling, then loosening
the soil around the roots carefully with our
fingers until the seeding came free
Although care was taken not to bresk any
rootlets, some inevitably broke off in the
process of loosening the soil. Thus vaues
we obtaned for nodulation should be
regaded as minimum. Densometer
reedings were collected (by the same
invedtigator throughout the study) in four
directions a the crown of each seedling,
then averaged to get an edtimate of canopy
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coverage. Canopy coverage is assumed to
be a measure of light-availaaility, with no
coverage representing 100 % of full sunand
full coverage representing 0 % of full sun.

Roots were washed in water, then
examined for nodules  Nodules were
counted and weighed fresh, then examined
uder a microscope for evidence of
nitrogenfixing activity. Nodules with pink
coloration in the interior were consdered
active.  RAink coloration indicates the
presence of leghemoglobin which creates
the anaerobic environment necessary for
nitrogen-fixaion (Vema and Sanley
1986). Inactive nodules gppeared whitish
ontheindde Pant heights were measured
in the lab. Seedlings were weighed after
drying for fifteen hours a 80° C in drying
ovens.

The effects of light regime and plant
meass on nodule mass were andyzed usng a
multiple regresson with two explanatory
vaiables. Although we tried to control for
plant mass by sdecting seedlings of smilar
dze, we saw vaiaion among seedlings
We expected variaion in plant mass to be
pogitively reaed to nodule mass, but it was
possbly related to light regime aswdl. To
test for non-independence of plant mass
and percentage of full sun we usd
Pearson’'s corrdaion coefficent.  We
found a pogtive but week rdaionship
between light regime and plant mass ( <
05; e Reallts), s0 we incuded plant
mass as an explanatory vaidble in the
modd. Vaues for percentages of full sun
were naurd-log trandformed prior to
andyss.

Soil cores were collected down to
adepth of 30 cm next to each seedling and
tested for phosphorous and nitrogen to
account for possble effects of soil nutrients
on nodulaion. Soil nitrate and ammonium



214

are known to decrease nodule mass and
nitrogenfixaion eactivity (Vema ad
Stanley 1986). Conversdly, phosphate can
increase nodulaion as Rhizobium requires
two to three times more phosphorous than
the host root (Schenk 1986). Fifteen
sanples were andyzed for phosphate,
ammonium, and nitrate content by
colorimetric  andyds  dexcribed by
Anderson and Ingram (1989). Ten percant
of full sun was arbitrarily chosen as dividing
line between high and low light regimes. Alll
5 samples from seedlings growing under >
10 % of full sun were andyzed, as wdl as
10 randomly sdected samples from the
seedlings growing under < 10 % of full sun.
Inappropriate  blanks were used which
contained only KCl, so absolute soil
nutrient  concentretions could not be
determined. Since dl samples contained
the same proportions of reagents, however,
vaidion between absorbances was
nevertheless assumed to be due to variation
in nutrient concentration, so absorbances
were recorded and compared using a
Wilcoxon Rank Sum test.  All daidtica
andyses were peformed usng the MP
datigicd program (Sdl and Lehman 1996).

Results

Rhizobium-nodules of P.
macroloba  seedlings showed the
indeterminate growth patterns described for
other mimosoids (Sprent et d. 1986).
Smdl nodules examined were phericd to
oblong, wheress larger nodules were highly
branched, with diginct gpicd merigems.
Mogt nodules were active, and no nodules
weighing more than 0.45 g were inactive.
No nodules were found on any seedlings
growing under lessthan 2 % of full sun.

Light regimes ranged from 1 to
305 % of full sun. Thexe vdues ae

derived from densometer esimations of
percent canopy coverage;, because these
are subjective meaurements, they are useful
asrddive, not absolute values, and may not
be directly comparable to other measures
of light availability. Mean (S. E.) plant mass
(dry wt) was 4.16 (0.24) g. Mean (S. E.)
plant height was 45.58 (1.28) cm.

The rexlts of the mutiple
regresson ae given in Table 1. A
sgnificant amount of variaion in nodule
meass is explaned by both light regime and
plant mass (R = 0.39, P =0.0006). Use
of plant mass as an explangtory variadle in
the modd was judified by its week
corrdation to % of full sun (Pearson’'s
corrdation coefficent, r = 0.3916, P =
0.0078). The podtive rdaionship between
light regime and nodule mass is shown in
Fg. 1. The two outliers with high
nodulation a 8.3 % and 10.7 % of full sun
were larger seedlings than mogt athers with
masses of 6.9 and 6.3, respectively.

The Wilcoxon Rank Sum teds
reveded no dgnificant differences in the
levels of phosphete, nitrate, and ammonium
between high and low light regimes
(phosphorous. Z = 048, P = 0.6321,
nitrate Z = 0.69, P = 0.4919; ammonium:
Z=0.69, P=0.4922).

Discusson

To a legume, rhizobid associaion
represents a trade-off of carbohydrates for
metabolizeble nitrogen.  Under conditions
where photosynthetic rates are high and
nitrogen is limiting, it can be expected thet
the symbioss will flourish, with rapid
growth rates of both Rhizobium and host
plant. High photosynthetic rates dlow for
increesed  carbohydrate production  to
support increesed nodulation.  In return,
Rhizobium nodules dlow for incressed



growth rates in its hogt plant in a podtive
feedback loop. However, environmentd
conditions that limit photosynthess and
thereby create carbon dress in the plant,
such & drought, high odinity, low
temperatures, defoliation, and low light
avalability can be expected to limit
noduletion.

Our findings are conagent with this
modd of Rhizobium-light interaction
mediated through the host plant. Nodulation
in naturdly occurring P.  macroloba
seedlings a@ La Seva was found to increase
with incressng light availability. Moreover,
no seedlings growing under less than 2 % of
full sun had nodules Nodulaion was aso
corrdated with plant mass  This is as
expected, as larger plants tend to have
larger photosynthetic capadities than smadll
plants, independent of light availability.

A posshly confounding factor in
our data collection was our ignorance of the
higory of the light ggos in which some
seedlings were collected. Root rodulation
would be expected to show a deayed
reponse to increesad avalable light.
Seadlings of smilar Sze collected under
light gaps of equa sze would be expected
to show a gradient of root nodulaion
related to the age of ther regpective light
gaps. This pattern would help to explain
the digribution of seedlings with no nodule
meass across dl light environments (see FHg.
1). Further study is necessary to ducidate
the response rate of root nodulation to
incressss in light availability, such as those
provided by light ggps formed from branch
or treefdls.

Mycorrhizae fungi, which ooccur
dmutaneoudy with Rhizobium in mog
legumes, could be a further confounding
factor. Pentaclethra macroloba hasbeen
shown to be obligady mycotrophic,
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meaning that it cawnot survive to
reproductive maturity at naturaly occuring
fertility levds without — mycorrhiza
asociaion (Janos 1980).  Mycorrhizd
infection has been shown to incresse
number of nodulated seedlings, as well as
nodule awundance and dze on may
tropicd legume species, induding P.
macroloba (Janos 1980). The most likely
bendfit rhizobia gan from mycorrhizae is
increased phogphorous uptake by the plant,
dthough other factors are implicated as
nodules often respond more to mycorrhizee
presence than to fertlization with
phosphorous (Daft and El-Giahmi 1974).

Under cetan conditions
mycorrhizae can be detrimenta to both host
plant and Rhizobium by acting as a carbon
drain. The carbon required by mycorrhizee
and Rhizobium has been edimated to be
aound ten pecent of the totd
photosynthate produced by the host plant
(Schenck 1989). When the photosynthetic
cgpacity of the hogt plant is low,
mycorrhiza plants can have reduced growth
redive to non-mycorrhizal plants (Furlan
and Fortin 1973). It has further been
shown that under conditions of carbon
limitation, mycorrhizae will parss & the
expense of rhizobia (Bayne et d. 1984).
This suggests that in legumes engaging in
both symbioses smultaneoudy, rhizobia are
more sengtive to changesin light avallability
to the hogt plant than mycorrhizee.

In high light environments rhizobia
may bendiit from mycorrhizae through
increased phogporous uptake and increased
plant growth. In low light environments
mycorrhizae may be detrimentd to rhizobia
due to its superior &bility to sequester
cabohydrates during periods of low
photosynthetic rates in the hogt plant. Thus
mycorrhizae may increase the digparity in
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nodultion between high and low light
environments.  This hypothess could be
teded by compaing nodulation on
seadlings inoculated with Rhizobium and
seedlings inoculated with - Rhizobium and
mycorrhizee under a range of light
environments and comparing nodulation.

Pentaclethra macroloba isusudly
classfied as a shade-tolerant species. That
P. macroloba is cgpable of growing well
under low light conditions is wdl-
edtablished (Huston 1982). However, the
generdized dassfication becomes dubious
when its growth patterns are examined in
detail. Pentaclethra macroloba has been
found to be a common condituent of
successond foress of dl agesa La Sdva,
with growth rates comparable to those of
early successond species (Werner 1985).
Oberbauer (1983) observed surprisng
plagticity in growth rates of P. macroloba
in response to increasad light intensties in
controlled growth experiments. Condgdering
the high frequency of light gaps and the
heterogenaty of light environments found in
the forest a La Selva (Sanford 1986), this
plagicty may hdp explan the unusud
abundance of Pentaclethra macroloba at
this Ste, where it conditutes 51 % of
individuds in the canopy (Lieberman and
Lieberman 1987). The flexibility of the
rhizobid asociation obsarved in this Sudy
is probably an important component of the
aility of P. macroloba to maximize
growth in varying light regimes
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Table 1. Results of multiple regresson using In (% full sun) and plant mass (g dry wt) as
explanatory variablesfor Rhizobium nodule mass (g fresh wt) in Pentacl ethra macrol oba

seedlings & La Sdva Biological Stetion, CodaRica

Tam Edimate SE t-retio P

I ntercept -0.27 0.07 -3.71 0.0006
Ln (@6 ful aun) 0.09 0.04 2.67 0.0108

Pant mass 0.05 0.02 315 0.0030
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Fig. 1. Scatter plot of Rhizobium nodule mass as afunction of percentage of full light in
Pentaclethra macroloba seedlings a La Sdva Biologicd Sation, Cogta Rica
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THE BACK OF THE BOOK

Quotes

“I’'m dangerous when I’'m hydrated.”
—Sophia

“Hard work sucks”
—Jon

“Devil’ s Hole pupfish beanie babies, get them before they go extinct.”
—Greg

“Y esgh bring your bins, definitely bring your bins”
—Chris

“I have ashdagued seaturtlein my basement, | don’t know why.”
—Sophia

“Bon Jovi’s my man”
—Kristen

“I dreamt | was the kingdom Mycelium and when | tooted | knew al of the phyla because
| created them.”
—Lisa

“Bug out”
—Chris

“It turns out”
=Jon

“Y ou can be the punch and ‘ other activities committee.”
—Chris

“Wdl | waslooking for a congratulaions Sgn and a bunch of chikis a the top”
—Michdlle, after reaching the summit of Cerro Chal & Las Alturas

“How many of you have taken halucinogenic mushrooms? That'sgood, | take them
whenever | can.”
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—L_uis Diego Gomez

“Man, it would suck to be aproditute in thistown.”
—Jessica

“I like the plants that make me think of sex, like lilies scream fuck me fuck me fuck mel” —
-Sophia

“I think we should dl get naked.”
—Cory

“Why do insects go to flowers? Maybe for food, maybeto get laid.”
—Chris

“Thelittlemousy ... just went down the curtain and into my bed.”
—Naamd

“The nature of our experiment was Smilar in nature but different.”
-Andy

“I remember shining the flashlight in Ethe’ seyes”
—Margaret

“I'm awoman, | can do what | want.”
—Cory

“When you mix orange tang with mango tang you get orangutang”
—Sarah

1) Greg makesweird noises.
2) Serena shut up or I’ll kick your assl
3) Greg: Isthat what they teach you to say to boys at awoman's college?

“Maybeif we st Meffe and Carall to musc’
—Sarah remarking on her ingbility to  remember any MC but she knows every song
on theradio.

“Totaly oataly.”
-Chris

“My hovercrat isfull of eds’
—Carl
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“Jugaron mejor, solo que perdieron més puntos’
-Oscar, comparing the USAP team’ s style in the 22-0 loss againgt the Huertos team to
our gylein the 14-0 loss againg the Tdler team

“Don't fuck with the duck”
—Sophia

“I'm glad | don't have a boyfriend”
—Andy

“| followed a coati around for 45 minutes today waiting for it to poop. And it never did!”
-Serena

“Thet bird has issues.”
-Abbey, while watching a Blue-headed Parrot pacing back and forthdonga  branch
a Las Cruces

“The high-light plants experienced more light than the shede plants”
-Anonymous author

“Let’' skeep ‘em out of double-digitd!!”
-Greg, a hdf-time during the soccer game againg the La Sdva Tdler team (hdlf-
time score 8-0; we didn't).
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Y ou know you’ve been on the USAP cour se too long when...

...you dream of processed food like Kraft macaroni and cheese

...only getting ten mosquiito bites is congdered a good day

...you think ‘ovipositor’ when you see asign reeding “ Ovi Ovi Restaurant”

...wetching flowers while Stting on a.codler in the rain with an umbrelaisanorma day
...you design and perform a dance cdled the “ Agouti Booty”

...rpping off butterfly wingsin the name of scenceis okay

...you note that the Creamas in the comedor taste “especidly good today”

... dfter not eating beans and rice for two days, you begin to suffer withdrawa symptoms
...you bresk into a cold swest & night after redizing you left your heedlamp behind
...Insett repdlant containing less than 50 % DEET just won't cut it

...you diss amovie because it does not follow correct pallinaion biology

...chicky’ sand peanut butter is considered gourmet food

...you pay money to play on aN64 for an hour

...words such as Tukey-Kramer, ANOV A, and Wilcoxon non-parametric make sense
...you use“Pdo Verde' asacurseword

...hot showering and wearing the same st of dothesfor five daysin arow isacceptable
and even normd

...you get tired 2 9:00 pm and wake up a 6:00 am

....killing mosquitoes becomes your favorite pagime

...you match your socks according to the degree of mud coloration

...the vegetarian option conags of fried cheese and afunky gtring-bean omdlete
...fights break out over the last scoop of ice-cream

...you know more about hummingbird pallination than the latest news

...you think Dan Janzen iswrong

...Méeffe and Carroll becomes the bane of your exisence

...Qetting access to emall becomes your lifdong quest

...you can identify the owners of your coursemates laundry piles
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Bumpsin thenight at Cerrodela Muerte

by SerenaBlack and JessicaLynch

Didamer:

Thisisagory that you probably don't want to hear, but we assure you it is soldy for your own
protection and, of course, reproductive success from an ecologica perspective. We aretdling
you what the OTS jefes have tried to stifle with bribery and death threats. Of course, we can't
revedl our SOUrces...

Once, along, long time ago, a group of undergraduates with OTS traveled to Cerro de
la Muerte to spend arudtic week freezing a high devation. Things were tough for them on the
mountain. Many students were experiencing periodic convulsons from email withdrawal.
Worse till, secret chiky stashes were being raided in the night. Cerro delaMuertewasa
londly and eerie place. Vegetation was sparse, and one young student was having avery hard
time finding cute 19 year old Ticosto dance with. Limited cooking capacity meant rations were
low; sudents were dways hungry and scavenging was fierce a med times. Reverberating
across the rocky landscgpe were the echoes of chattering teeth and growling somachs. Despite
the miserable conditions, sudents were devoted to the pursuit of biological knowledge- never
hestating to ask questions and lengthen lecture times

The morning of the second day dawned bright with not acdoud in the sky. The Sudents
knew of course that this did not mean thet it would not rain. After bregkfast the group st off,
adorned in high-tech hiking gear for aplant identification walk thet they expected would take
them no more than 50 feet from the building. Asthey set out, afew students noticed a sSrange
st of footprints- hoofed like a peccary but anormaly large... Being new to the paramo, they
dismissed it as normd and thought nothing more. A little farther down the trail they noticed a
crumpled chiky wrapper suffed under arock. They removed the wrapper and stashed it for
proper disposal. The hike and the rest of the day went as planned. Nothing unusua occurred.
Late that night however, one of the sudents was awakened by asrangenoise. A dow
dragging followed by scrgping againg wood.  The moon outside the window was dmod full. A
paelight soilled across the floor dongating shadows and degpening the blackness. Squinting,
the sudent peered into the depths of theroom.  She didn’t want to turn on her flashlight for fear
of insect bombardment so when she didn’t see anything right away she gave up and went back
to deep.

The next morning more chikys were missing than ever before. Everyonewasinan
uproar and everyone was innocent. Lacking sufficient forensic evidence, they were forced to
give up and go about thelr day. That night they set up awatch. Students switched off every
two hours. It was nearly four in the morning and one of the Sudents, one of the few young men
in the group, had volunteered for the next shift. He struggled awake despite the fact thet his
dam had gone off fivetimes. The effects of the last nights rum were fogging his senses. He
sumbled through the cold to the bathroom and nudged the door which cresked dowly open. It
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took him a moment to redlize that he was not done. As soon as he did he was jerked awake,
finding himsdf confronting something nat of thisworld. It was huge and hulking. In the faint
light its festures were blurred. 1t good in front of the toilet doing something undeterminable. It
turned gleaming reddish eyes and gave him apiercing look that lasted only seconds before it
legpt into the toilet and swirled away, along scaly tail dithering behind it. (This gave the toilet
mongter awhole new meaning!) The student was parayzed with fear and till ganding frozenin
the doorway when hisimpatient shift mate discovered him.  Everyone was avakened and an
acoount of the experience was given but the details were S0 vague that many did not believe him
and some secretly suspected that it was a chiky cover-up.

The next day the sudents were in such desperate need of entertainment — because
chessisonly atwo person game — that everyone joined in, even the disbdievers, to designa
trgp. They ddiberated al day. Many people had many different ideas and consensus within the
group was difficult to reach. Findly, they settled on building an daborate sructure of butterfly
nets and heavy bird books. The whole thing was hung precarioudy above astash of chikys—
the perfect bait. A problem arose when it came time to donate chikys but in the end everyone
contributed with only minor dissention. Night fel dowly with the mounting anticipation. The
students were too nervous or excited to study or even play guitar. They were however, ableto
drink cervezas without reservetion. People went to bed early but were unableto degp. Thefull
moon drifted dowly acrossthe sky. Mot everyone was awake when it happened. The noise
has been described asacrash followed by athud and a moaning-screeching noise that struck
terror into the heart of even the bravest OTS sudents. They rushed into the kitchen and what
they saw there changed each and every one of them forever. They dl agreethat it was huge,
but after that the details become foggy. Some people saw wings covered with scay fegthers
somewhat like the BFF spotted flegtingly on Cerro Chai. Other saw antennae festhered and
huge; they were reminded of descriptions of the mythica both. Others till saw aforked tongue
and smooth chest somewheat resembling the dusive bushmagter. One girl observed muscular
legs with hoofed feet and a snout like apeccary. A long dinky tail and furry head resembling
the endemic toilet mouse found & Las Cruces have aso been described in later accounts.

Before anyone could act, the cregture tore through the nets and sprung from the trap. It
fled from the cabin, mdting into the night- the chikys were gone. It has never been identified,
but loca people tell the sories of a powerful beaest that roams the paramo late a night, and
occasondly a srange hoof-print is found.
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Recuerdos

LaSdvapart |
-Rafting down the Sarapiqui
-Svimming with the caiman
-Thefruit lab: pgibaye with mayonnaise- thisisfruit?
-Spanishinterviewswith CPH
-Theterciopdo on thetour. Ummm... arethey dl thet big?

Santa Anaand CPH
-El Bosue
-Watting for bagds
-Birding in acoffeefam
-Wadking Yhour to dass
-Volcén Poas
-Dancing in the aides of the bus on the way back from the beach
-Birding in knee-deep water at Carara
-Forced to dance at CPH
-Jen wins the dance contest
-Buying the course guitar

Las Cruces
-S0 those dectric shower unitsrealy do work .
-So those dectric shower units really can shock you.
-The garden tour thet never toured
-Everything you ever wanted to know about CAM photosynthesis and so much

more.

-“ Are there any native plantsin this garden?’
-Raul’s Toucan obsession
-“Can the chef travel with the course?
- Luis Diego' s amazing botanicd pharmecy
-Email troubles, take one
-The Both
-Beginning to recognize everyone' s underwesr
-Casa Wilson gymnasum
-The“X-files’ (What'swith the corn?)
-Discomoviles
-The tdent show
-The sgnificantly uneven digribution of insect bites on Sophid slegs
-Flant walks
-Fdling in the water downgtream from the matadero
-Carl comes out of the dosat about his juggling skills
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LasAlturas
-The*cooked” spaghetti
-Eduardo in the toyotona
-Theré sabushmagter out there somewhere
-Hiking inthe rain.
-Sliding downhill in therain
-Chips and guacamole and studying
-Backrub chains and degping on the porch
-The hammock

Cerro delaMuerte
-Daren in his degping bag
-Marteen's “ Gentry transects’
-Only the foolish brave the showers
-Computers availabl e only when the generator’ s running
-Chris and Erika buy Chickeys
-Huddling next to the fire: we weren't warned that it would be this cold!
-Are these guys ticos? Where re the beans?
-Research seminars with Maarten: “Okay, very good, sit down.”
-The perfect morning on the paramo
-Looking for quetzalsin therain & 5:30 am

Pdo Verde
-The mosquitoes.
-Theran
-The faculty indsting that the mosquitos are “not so bad.”
-More mosguitoes
-Moreran
-Margaret’ s boot disgppears into the Mangrove Mud . Andy heroicaly rescuesit.
-Carl says dean and pressed in the mangroves. How did he do that?
-lce Cream
-Wondering if the laundry will ever return
-Looking for your matching sock when it did
-The crema- chickey debate begins
-Hiking through crocodile infested waters (i.e. the road)
-Carlos driving on the flooded road with everyone packed into the car.

Rincon delaViga
-The raw meatbdls
-“How can you belogt if you're a aranger Sation?’
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-“Pease, laundry only from those who are redlly dirty.”
-Cory tekesafacid mud bath

LaSdvapart Il
-Everyone becomes a vegetarian
-“Ask Orlando, he'll know”
- USAP- O, Tdler - 14
-Pizzaand video night
-Inveded by Carleton College
-Still moreran
-Email troubles take two: the server’s down!
-Suddenly everyone wantsto see aterciopeo
-The banana plantation
-the Sdon in LaGuaria
-Hummingbird foraging behavior, intherain
-Isthis the dry season?
-Chickeys thrown over for cremas
-USAP -0, Huertos— 22
-Theinterlink bill arrives
-Erika s vodoo frogs
-Playa Cahuita
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INDEX

Acacia collingi, 53, 57, 85, 94

Acacia cornigera, 94
Acdimetion, 23
Aggresson, 101

Agouti, 154

Agroforestry, 166
Alouattapalliata, 98
Amazlia tzacatl, 113
Animd behavior, 69
Anisoptera, 89

Ant morphology, 140
Art-acacia, 85

Ant-plant interactions, 175
Ants, 199

Aposematic coloration, 73
Aquatic insects, 62
Araneidae, 159

Atta, 140

behavior, 113

beltian bodies, 94
Biodiversty, 146

Birds, 105

Bradypus variegatus, 134
Butterflies, 182

butterfly diversty, 182
Catonephele mexicana, 73
Cerro delaMuerte, 41
Cloud forests, 41
colonization, 57, 127

core habitat, 146
Dasyprocta punctata, 154
defecation srategy, 134
Dioecy, 121

Dipteryx panamens's, 154
diversty, 62

dragonfly, 89

drip tip, 127

dung vigtation, 134
ecologicd niche, 89

edge effects, 146

Eichhornia crasspes, 80

epiphyllae, 127

Eurema dina westwoodi, 73

extreflora nectaries, 53, 175

folivory, 98

forage, 113

foraging, 98, 199

foraging behavior, 140

forest structure, 41

Formicidage, 199

gender differences, 101

herbivore defense, 53

herbivory, 85, 175

Hyeronima al chorneoides, 166

insct diverdty, 146

Jacana spinosa, 69, 101

kleptoparasitiam, 159

LaSelva, 101, 113, 121, 127, 134, 140,
146, 154, 159, 166, 175, 182, 191,
199, 207

LasCruces, 23, 27, 31, 34

leaf Sructure, 127

leaf surface, 127

lesf-cutter ants, 140

Learning, 191

legume, 207

Lepidoptera, 182

Lepthemis versiculosa, 73

Light availability, 207

light environment, 27

mating sysems, 69

Monte Carlo smulation, 121

mutudism, 94

nearest-neighbor rdationships, 121

nectar, 113

nectar production, 53

Nectar robbery, 31, 34

Neea psychotrioides, 121

Nephila clavipes, 159

nitrogen fixaion, 207



nodulation, 207

nutrient retention, 166

Odonata, 89

Palo Verde, 53, 57, 62, 69, 73, 80, 85,
89, 94, 98, 105

Papilionidea, 182

Paraponera clavata, 191

Parkinsonia acul eata, 62

Passiflora vitifolia, 175

Pentaclethra macroloba, 207

perching behavior, 89

pheromones, 199

photosynthes's, 23

photosynthetic rate, 27

plant diversty, 146

pladticity, 27

pollen load, 31

pollination, 31

polyandry, 69, 101

polyculture, 166

Pouteria caimito, 23, 27

prey preference, 73

primary forest, 182

primary seed dispersdl, 154

primates, 98

productivity, 166

Pseudomyrmex, 57, 85, 94
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rain fores, 127

recruitment, 199

red-talled squirrel, 154
reproductive success, 34
Rhizobium, 207
Sciurusgranatensis, 154
secondary forest, 182
secondary seed dispersd, 154
sdf-compatibility, 80

sex rdios, 121
shade-intolerance, 23

s0il compostion, 134

gpatid digribution, 121
Spoatid orientation, 191
pecies diversty, 105
spiders, 159

Sachytarpheta jamaicens's, 31
succession, 41

tempord memory, 191
territoridity, 69, 101
Thunbergia grandiflora, 34
Trigona, 34

trigyly, 80

Typha dominguensis, 62
Typhusdomiguensis, 105

wetland management, 105
wetlands, 62



