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| ntroducti on

One of the main goals of historical biogeography is to detect
causal rel ationshi ps between changes in the earth history and
distribution patterns of living biotas. Central America has received a
consi derabl e attention by bi ogeographers. Several authors have anal yzed
the distribution of particular taxa in Central Anerica, especially
fishes (MIller, 1966; Bussing, 1976), and reptiles (Savage, 1982). In
this aspect birds have received considerably |less attention (but see
Howel |, 1969). Nevertheless Central America is included in the analysis
of avian taxa widely distributed in the neotropics (Cracraft and Prum
1988; Haffer, 1985). Biogeographical studies of the Central Anerican
hi ghl ands have been limted to particular taxa, |like plethodontid
sal amanders (Wake, 1987). For taxa with reduce abilities to disperse
ei ther over water or over unsuitable habitat, vicariant events seens the
nost plausi bl e explanation for patterns of speciation and radiation.
Wake (1987) suggests that plethodontid sal amanders have coevolved with
particular habitats in Central Anerica for a very long tine, possibly
through the Tertiary (Wake, 1987). Haffer (1985) and Cracraft (1985)
have proposed a sinilar explanation for selected taxa of the neotropica
avi fauna. The nmmjor differences between Haffer and Cracraft nodels is
inthe time scale and the relative inportance of several vicariant

events for processes of speciation and radiation. Haffer invokes



climatic fluctuations during the Pleistocene, and subsequent
fragnmentation and contraction of habitats (forest refugia) as the ngjor
cause of the high degree of diversification in the neotropical avifauna
(Haffer, 1985). Cracraft (1985) has anal yzed areas of endemismin South
American | owl and birds, and suggests that some of the refugia proposed
by Haffer are considerably older, with hierarchical patterns of endem sm
established prior to that epoch. He invokes that the physiographic

evol ution of South Anerica was probably as crucial in the formation of
avi an taxa as were habitat changes caused by climatic changes in the

Pl ei st ocene.

In this paper | present a prelimnary analysis of the endenic
avi fauna of Central America restricted to | and nasses above 1000 m |
hope that this analysis can provide sone insights on the processes that
have shaped actual distributions. | set ny framework using geol ogica
and pal eoecol ogi cal information to explain actual distributions.
Finally | suggest new approaches to test the validity of a vicariant
expl anation for the distribution of the nontane avifauna of Central
America. | assune that vicariant events are responsible for present

di stributions as a franework to answer three basic questions:

1.- Is there a common pattern in the distribution of endenic avian taxa
through all the Central American highlands? For exanple, are there
several taxa with a concordant presence/ absence pattern of endemc

representatives?



2.- Is there a correlation between geological stability and degree of
endem sn? |f there is any relation | predict a higher nunber of

endem cs in geologically nore stable areas, other things being equal

3.- Can we explain the actual diversification of all avian taxa in the
hi ghl ands of Central America as a result of Pleistocene climtic cycles
exclusively? For this conparison | assunme simlar rates of evolution in
different taxa along the entire region. |If the diversification of al

t axa happened during the Pleistocene, | predict simlar degrees of

endem sm al ong the entire region

The study area

The vegetation in the highlands of Central Anerica is donmi nated by
a mxture of cloud forest and pine-oak forest. Extensive pine forest
still cover vast areas of Guatemal a and Honduras reachi ng the southern
limt of its range in the highlands of Nicaragua. In the highest parts
of Cordillera de Tal amanca the parano is the donminant formati on. Mich
of the original forest has been transformed into pasture and
agricultural |and, but none of the endenic speci es has becone extinct

(with the exception of the Atitlan G ebe Podilynbus gigas, of Guatenal a,

not included in this analysis). Hartshorn (1988) presents an overvi ew
of the najor vegetation formations, and Wyl (1980) sunmarizes the

geol ogy of the region

The effect on climatic oscillations on the vegetation has been

docunented in several localities and appears to be a generalized



phenonenon (Tol edo, 1982; Markgraf, 1989). Current evidence shows that
bet ween 35,000 and 12,000 years B.P., climtes throughout Central and
South Anerica were cool er than today by 40 to 50 C (Mar kgraf, 1989,
Bratlett and Barghoorn, 1973). Sea |evel was as nuch as 120 m bel ow
current sea |evel at about 17,000 years B. P. during the nmaxi mum
extension of the glaciers. Fossil pollen in Panama and Guat enal a
suggest that nontane trees grew at el evations 500 to 1,000 m bel ow t he

present altitudinal limt (Bratlett and Barghoorn, 1973; Leyden, 1984).

Met hods

| conduct ny analysis using a checklist of Central Anerican
hi ghl and birds. | consider highland species those who breed and spend
nost of the year above 1000 melevation in Central Anerica. Thus |
i ncl ude species that further North breed at |ower elevations but in
Central Anerica are restricted to the highlands. |n general highland
avi fauna tend to range | ower (700-800 n) in the nore humid Cari bbean
slope than in the Pacific slope, but these popul ations are al so
consi dered highland species for this analysis. Field guides and ot her
simlar sources were used to build species lists: | use the A O U.
checklist of North Anerican birds (A O U, 1983) for general
di stributions and systematic arrangenent of the taxa, and nore specific
sources for avifaunas of particular countries: Quatemala, Land (1970);
Honduras, Monroe (1968); El Sal vador, Dickey and van Rosen (1938); Costa
Rica, Stiles and Skutch (1989); Panana, R dgely and Gwnne (1989), and
South Anerica, Hilty and Brown (1986). For Nicaragua | used my persona

records and the informati on of specinens in several nuseuns.



The following ternminology is enployed for present |and areas:

- North Anerica (NA), the continental |and nass |ying Wst and North of
the Isthmus of Tehuant epec.
- South Anerica (SA), the continental |and nass extendi ng east and south
the Isthrmus of Panana.
- Central America, the region running southeast fromthe |sthnus of
Tehuant epec to the Isthnus of Panana.
- Nucl ear Central Anmerica, the northern portion of Central Anmerica from
the Isthnmus of Tehuantepec to the upland of Northern Ni caragua.
- Lower Central Anerica, the southern part of Central Anerica between
Sout hern Ni caragua and eastern Panana.
- Central American Highlands, are those areas above 1000 m el evati on.
For anal ytical purposes, | have group theminto seven subunits (Map 1):
- Chiapas-Guatemala (Ch & @, it includes all Sierra Madre de
Chi apas, the altiplano of Central CGuatenala, and the vol canic chain
al ong the Pacific coast of Chiapas and Guatenal a.
- Western Honduras-El Sal vador (WH & ES), includes highlands of El
Sal vador and Honduras Wst of Comayagua and Sul a vall eys.
- Central Honduras-Northern Nicaragua (CH & NN), conprises the
rest of Honduras and the highlands in Northern N caragua north of
paral | el 12° 50'N.
- Southern Nicaragua-Northern Costa Rica (SN & CR), extends
bet ween parallels 12° 50' N and 10° 30'N, including all the vol canic
peaks of Western Nicaragua and Cordill era de Guanacaste in Costa Ri ca.
- Central Costa Rica (CCR), includes Cordilleras de Tilaran and

Central, between parallels 10° 30' N and 9° 50' N.



- Southern Costa Rica-Wstern Panama (SCR & WP), conpri ses
Cordillera de Tal amanca and the hi ghl ands of Panama West of neridian 81°
30" W

- Eastern Panama (EP), including Cerros Sapo, Serrania de Pirre
and Serrania de Tacurcuna, both in the frontier between Panama and

Col onbi a.

Resul ts

| present the distribution of Central Anerican birds subdivided in
7 bi ogeographical areas (Table 1). O a total of 874 species of
breedi ng birds, 25% (220) are restricted to the highlands. O this
subset, 38% (83) are Central Anerican endemics. This contrasts sharply
with the percentage of |ow and endemcs: 5% (33) of the total |ow and
breedi ng birds (654 spp). Mp 1 shows the nunber of endenics by
geogr aphi ¢ subunits, although ny arbitrary subdivision of Nuclear
Central Anerica (3 subunits), and Lower Central Anerica (4 subunits)
hi de the distribution of many of them It is nore useful to display a
map superinposi ng ranges of endenic species, |ike Haffer (1985) presents
for lowland birds (Map 2). Notice the high degree of endem sm anong the
hi ghl and birds of Lower Central America (Map 1). Forty eight non
endem cs (35% of the total) are present in both sides of the N caraguan
Gap. However, only 6 endenmics (7% of the total) have simlar
di stribution. This suggest that the endenic avifauna of the Central
Anmeri can hi ghl ands have poor dispersal abilities conpared with the non

endeni ¢ avi f auna.



The hi gh degree of endemismin the highlands of Lower Central
Anmerica nay be the result of an old isolation (ol der than Pleistocene)
and subsequent speciation. Mre surprisingly, birds in the contiguous
| oWl ands have al so nmany endem ¢ species (Map 2), and the ratio
hi ghl and/ | ow and endem cs is al nbst identical for Nuclear Central
America (2.14) and Lower Central Anerica (2.17). Do these nunbers nean
anything ? At the tinme of the Gacial/lnterglacial climatic changes in
the Pleistocene, the Central Anerican | ow ands were interconnected and
served as corridors for the faunal interchange between North and South
America. Wy didn't these endemics disperse further North or South?
There are several possibilities: They are species of recent formation
and they have not had enough time to disperse. O they have been
restricted in their ranges by specific habitat requirenents, or by
conpetitive exclusion with other species. There explanations are not
nmut ual Iy excl usive and not all the species nmust fit the sanme one. The
origin of the endenic avifauna of the highlands could be in sister taxa
of the I owl ands. Wen the nountains becane appropiated habitat, they
occupied this enpty niche. Cdimatic oscillations isolated sone
popul ati ons that evolved in new species. Qher possibility is that the
sister taxa are in other highlands further North or South. Cool er
tenperatures during the glacial periods in the Pleistocene expanded the
range of sonme nontane species that becone isol ated during subsequent
war ner periods. |If low and and hi ghl and endenics are sister taxa, this
could explain why | get simlar ratios between Nuclear Central Anerica

and Sout hern Central Anerica.



Cracraft (1985) has suggested that nany taxa within the
subtropi cal nontane biota of South Anerica have sister-group
relationship with taxa restricted to other nontane forests that lie
either North or South, and not with the tropical biota of the adjacent
| oWl ands. Using the taxonomic criteria of the A O U (1983) | checked
for sister taxa for the endenic avifauna of the Central American
hi ghl ands Thirteen species have their sister taxa in the Andes of
South Anerica, 21 species in the highlands of Central Anerica, 6 in the
hi ghl ands of North Anerica, 1 in the South Anerican |lowl ands, 1 in the
North Anerican |ow ands, and none in the Central Anerican |ow ands. |
was unable to find sister taxa for 26 species, including six nonotypic,
but nunbers seens to indicate that highland endenics evol ved from ot her

hi ghl and avi f auna.

Di scussi on

| have been unable to explain the simlar ratio highland/|low and
endem cs, the only pattern | detected. Endem c species seemto be a

random subset of the | ocal highland avifauna.

The geol ogy of this region is extrenely conpl ex. Rosen (1985) has
recogni zed 8 events of fragnmentation and 7 of hybridization for Centra
America and the Cari bbean. For this reason he suggests that it could be
nore useful to conpare biological area cladograns with specific
geol ogi cal periods rather than try to natch present distribution with
features of the actual geography of the region. Mp 4 shows the region

inthe early Mocene (21 Ma), according to Rosen (1985). Notice the



chain of volcanic islands between North and South America. Al the

vol cani ¢ centers appears to have a sinilar age. However, Wyl (1980)
presents a geol ogical map of the region with ages for the ngjor

geol ogical formations (Map 3) with sonme interesting congruences between
t he degree of endem sm and the age of mmjor geol ogical formations. |
have highlighted in red those areas with Quaternary deposits of vol canic
rocks. Alnost all the highlands in the subunit Southern N caragua-
Northern Costa Rica are covered with these vol canic rocks. No endem cs
have been recorded here, and the number of highland species is extrenely
poor. Are the highlands in this subunit too small or too | ow to provide
enough habitat for highland birds? Hi ghlands in the subunit East Pananma
are |lower and | ess extended and still provide habitat for 10 endenic
speci es. However, the region is conposed by Mesozoic and Tertiary

vol cani ¢ rocks, between 50 and 130 Ma. Vol canic rocks in the highlands
of Southern Nicaragua-Northern Costa Rica are less than 1 Ma old (Veyl,
1980). Both Nucl ear Central America (subunits Ch&G WHRES, and CH&NN)
and Lower Central America (subunits CCN and SCR&WP) have extensive

geol ogi cal formations of Tertiary origin (50-65 Ma). The distribution
of geologically "stable" areas match well with areas of high endem smin
t he hi ghlands of Central America. This evidence support Cracraft's
clains that areas of endenismcan be explained prior to Pleistocene
climatic changes (Cracraft, 1985), and it answers my second question on

the correl ati on between geol ogical stability and degree of endem sm

The third question on the power of Pleistocene events to fully
explain actual differentiation of avian taxa cannot be answered with a

si nmpl e conparison of checklists. W can use nolecular techniques to
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assess degrees of differentiation anong isol ated popul ati ons and si ster
species. Mtochondrial DNA is very useful to assess |evels of
differentiation between populations. This nolecule is maternally

i nherited wi thout reconbination, and is highly conserved in function and
gene arrangenent across diverse taxononic groups (Brown, 1983). Besides
t hese characteristics, the nolecul e evolves very rapidly, and nunerous
st udi es have shown high | evels of intraspecific heterogeneity (Ashley
and Wlls, 1987). MDNA has been used for analyzing patterns of

col oni zati on and gene fl ow anong insular and mai nl and popul ati ons
(Ashley and WIlls, 1987), island populations (Phillips et al, 1989),
conti guous mai nl and popul ations (Ball et al, 1988) and isol ated nainl and

popul ati ons (Ri ddl e and Honeycutt, 1990).

Meanwhi | e a better know edge of the geology of the region and a
nore conplete fossil record will help us to understand mechani sm of
speci ati on and di spersion in the region. In Central Anerica, ranges of
many bird species are not well defined, especially in N caragua and
Honduras. | cannot rule out the possibility that sone of the patterns
presented here are pure artifact of our inconplete know edge of the

ranges of nany shy and secretive speci es.
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Map 1.- Endemismin the highlands of Central America. Areas in black

i ndi cate el evations above 1000 m Dotted lines are the limts of
zoogeographi c subunits: NA, North Anerica; Ch&G Chi apas- Guatenal a;
VWH&ES, Western Honduras-El Sal vador; CH&NN, Central Honduras-Northern
Ni caragua; SN&CR, Sout hern N caragua-Northern Costa Rica; CCR, Central
Costa Rica; SCR&WP, Southern Costa Ri ca-Western Panama; EP, Eastern
Panama; SA, South Anerica. Nunmbers in parenthesis indicate endemics
restricted to a particular subunit. Nunbers underlined represent

over | appi ng ranges of endenmics restricted to the highlands, excluding 6

species with ranges in both sides of the N caraguan Gap.



Map 2.- Areas of endemismin the | ow ands of Central Anerica, with
superinposed ranges of endem cs species; nunbers indicate how nmany
speci es rages overlap in a particular area. A Caribbean Northern
Central America; B, Caribbean Southern Central Anerica; C, Pacific
Sout hern Central America. Mountains above 1000 m el evation are

i ndicated in black (From Haffer, 1985).
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Map 4. -

(21 Ma).

Central

Anerica and the Cari bbean region in the early M ocene

Bl ack dots represent prinmary sites of volcanism Vertical

hatching is land, and cross-hatching is shall owwater shelves with

sedi nentary deposits (from Rosen, 1985).
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