Abstract We surveyed the watersheds covering

nmore than 80% of the surface area of N caragua

and review the history of deliberate introductions
and unintentional invasion of tilapias, Oeochroms
spp., into the freshwater of Nicaragua. The
speci es have becone wi dely established, with a
range of negative consequences for the rich natura
fish fauna of this Central Anerican country.

Til api as conpete directly with native cichlids in a
nunber of ways, and have al so supplanted native
species as food fish in local narkets. W suggest
that introduced tilapias nmay have been responsibl e
for the outbreak of blindness in native

cichlids. We nmake recommrendations on the
managenent of these exotic species and on further

i ntroducti ons.
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I ntroduction

Ni caragua is noted as an especially poor country
wi th dependency upon foreign influence inits
devel opnent. Diverse and often contradictory

devel opnent nodels for inproving nutrition

food security and i nconmes have been inpl enented

in N caragua during recent decades

repeatedly focussing on tilapia production, O eochronis
spp. (G chlidae), over native freshwater
speci es, 1 and often based on erroneous cl ai s
regarding tilapia inpacts on native aquatic fauna
(Hughes 2002; van den Berghe et al. 2003).

St ocki ng of Ni caraguan natural waters with
tilapia, Oeochrom s nossanbicus, (Peters, 1852)
was Initiated in 1959 with a direct release into
Lake Moyua” (Ri edel 1965), in spite of warnings
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concerning the potential inpacts on the native

fish fauna in N caragua (Myers 1955), and based

on a flawed claimthat the | ake only contai ned one
fish species (Riedel 1965; J. McCrary unpublished
data). Its introduction corresponded to the di sappearance
of water lily, Nynphaea sp. (Nynphaeaceae),

al t hough ot her expl anations were

initally given for the di sappearance (Ri edel 1965).
Intentional tilapia releases into natural waters
continued in the 1960s (for instance, Lake Asososca
Leo” n; per Villa 1982) and were approved by the

Ni caraguan governnent again in the 1980s. The
Sandi ni sta governnent approved a stocki ng program

of tilapia, Oeochrom s aureus, (Steindachner

1864) and the characid pacu Col ossoma sp. (Bayardo
Esl aqui t, personal conmunication) in Las

Canoas reservoir, fromwhich the tilapias col onized
the Lake Ni caragua- LakeManagua- San JuanRi ver

system Wthin a few years, three species of tilapia,
O aureus, O nossanbicus, and O niloticus, were
enpl oyed in aquacul ture operations in the Lake

Ni caragua wat er shed wi t hout nechani sns to prevent
their escape into the natural water system Instead
of increasing bionass and fishery resources,

this introduction actually reduced the stocks of native
cichlid species (MKaye et al. 1995).

Atilapia cultivation project was installed in

Lake Apoyo in the 1980s, using hand-sexed mal e

O aureus in floating cages. Escapes were noted
during the ensuing years, but the |ast docunented
sighting of a tilapia escapee fromthis project occurred
in 1992 (Waid et al. 1999). However, another

floating cage project, this time using
androgen-induced ‘‘all-male’’ O niloticus, was installed
in Lake Apoyo during the m d-1990s; both

mal e and fermale feral O niloticus were |ater captured
from Lake Apoyo (McCrary et al. 2001).

The escape of thousands of individuals fromthis

proj ect coincided wth di sappearance of extensive
beds of the nmacroal gae Chara sp., a preferred food
source for O niloticus, and an outbreak of blindness
anong native cichlids (McCrary et al. 2001).

Negati ve environnental consequences of tilapia
introductions in natural waters, including
suppression or extinction of endenic fish species,
have been increasingly recognized i n Ni caragua

and in other tropical countries (Canonico et al

2005). \Wereas tilapia cage culture, direct introductions,
and ot her aquaculture nethods with a

significant risk of release of tilapias into natura
waters is generally prohibited in warmwaters in

t he devel oped worl d2, cage aquaculture of tilapia

is expanding in Lake N caraguas. In retrospect,

the species introductions in Lake Ni caragua, Lake
Moyua” and in Lake Apoyo all constitute decisions
founded upon i nadequate infornmation

regardi ng the respective ecosystens and the

i nvasi ve character of tilapia. To exami ne the status
of tilapia in natural waters in N caragua, we
conducted a series of ecological and market surveys,
whi ch are reported bel ow

Met hods

Site descriptions and sanpling techniques

Ni caragua is divided into 21 freshwater drainages



plus 12 closed freshwater | ake systens (Fig. 1).
The Atlantic versant contains long rivers, nany
associ ated with swanpy, seasonally fl ooded marshes
near the coast, and includes the N caraguan

G eat Lakes as part of the San Juan River watershed.
Apart fromthe Estero Real, rivers in the

Pacific versant are short, with marked tenporality
in flow rates. Vol canoes whose craters contain
standi ng water constitute another set of freshwater
ecosystens that are ecol ogical ‘‘islands’

occupi ed by several endemic fishes (Waid et al

1999; Stauffer and McKaye 2002).

We sanpl ed several rivers and | akes by gil

netting and seining (Table 1; Fig. 1). W sanpled
Lake Moyua” , a natural |ake located in a depression
at 420 m above nean sea |level (MASL), a total of
five collections on the north side of the |lake, 1
Novenber 2001 and 10 Novenber 2002, and we
interviewed fishermen and identified their catch on
20 Septenber 2003. W sanpl ed Lake Apana” s, a
hydroel ectric reservoir at 660 MASL in that enpties
via spillways into both the Matagal pa River

wat ershed and a tributary of Lake Managua in the

2 Fl orida Department of Agriculture and Consuner Services.
2000. Rul e 5L-3 Aquacul ture Best Managenent

Practices, Tallahassee, FL, 77 pp.

3 Nl CANOR S. A. 2000. Docunento de | npacto Anbiental
Proyecto ‘*Cultivo de Tilapia en Jaulas Flotantes en

la Isla de Onetepe’’, Altagracia, Rivas, Nicaragua, 130 pp.
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San Juan River watershed, near Asturias on the
sout heastern corner of the | ake, on 15-16 January
2004. W sanpl ed the Bocay/ Coco Ri ver watershed

by seining at 5 points between Ayapal on

the Bocay River and Wwily” on the Coco River 6-8
February 2001 and 20-23 April 2004. The Estero
Real wat ershed, containing nore than 15 shrinpand
tilapi a-produci ng aquacul ture enterprises, was
sanpled at 3 points on 31 Decenber 2001 and 1
January 2002. W sanpl ed the Wawa- Si ksi kwa” s

Ri ver wat ershed and the Banbana- Pri nzapol ka

Ri ver watershed, in northeastern N caragua, at
four points each, at elevations not exceeding 100
MASL, during 25-30 April 2002; five points in
small rivers in the Pacific versant along the Chiquito
Ri ver - Cosi gui na wat ershed at 90-100 MASL

on 1 June 2002; the Escondido River at El Recreo
by gill netting, 6 January 2004; several tributary
streanms in the Escondido River watershed, in
central N caragua at 250 to 300 nelevation, during
1-4 May 2002. W snorkeled 1 km of the Buen

Suceso River, on QOretepe Island, inward fromthe
mout h on 19 Decenber 2001.

We eval uat ed t he abundance of subnerged
veget ati on, Chara sp. (Characeae) and incidence

of blindness anong fishes in two isolated vol canic
crater lakes with hard, alkaline water (Waid et al
1999), Lake Xiloa” and Lake Apoyo, nonthly

from January 2001 through Cctober 2003. W

i nspected Lake Apoyo for tilapia breeding activity
by observation of bowers, exam ned the eyes

of several blind specinens of the native cichlid
fish A c.f. citrinellus (G nther, 1864) for determ nation
of the cause of a sustained outbreak of



Table 1 Natural water ecosystens of N caragua containing tilapias (Oreochroms spp.)
Wat ershed Til api a speci es present % Surface area of Nicaragua
Ri verine systens

Estero Reala O niloticus 2.80

Coco/ Bocay Riversa O niloticus 15.16

Lacustrine/riverine systens

Great Lakes/San Juan Riverb O spp. 22.50

Lake Apana’ s/ Mat agal pa Riverag Hybrid? 14.01

Lake Moyua  (Matagal pa River)ae O nossanbicus 0.02

Crater |akes

Lake Asososca Leo  nc,d O nossanbi cus 0.00

Lake Apoyoadf O aureus 0.03

QO niloticus

aThi s study

bMcKaye et al. (1995)

cVilla (1982)

dWaid et al. (1999)

eRi edel (1965)

fMcCrary et al. (2001)

gRene” Cassel |l s (personal conmunication)

Fig. 1 Map of watersheds of Nicaragua. 1: Estero Real; 2:
Chiquito River/Cosiguina;, 3: Geat Lakes/San Juan River;
4: Indio River; 5. Escondido River; 6: Matagal pa River; 7:
Banbana/ Pri nzapol ka Ri vers; 8: Kukal aya River; 9: Wawa/

Si skiskwa” s Rivers; 10 Coco River
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blindness. W filned tilapia activity above
breedi ng bowers on four occasions in 2002 and
2003. Tilapias captured in this study were | ogged
according to date and | ocation captured, preserved
in 10% f or mal dehyde and subnitted to the
collection of cichlids at the University of Central
Anerica in Managua.

Fi sh market and producer assessnents

We reviewed the nunicipal fish markets in

Masaya and Granada and interviewed several
riverside fishernmen/vendors along the San Juan

Ri ver from San Carlos to El Castillo, on 24-30
May 2002. We estinmated fish biomass by subsanpling
and interviewed the vendors at seven

sal es stands in Masaya and at eight stands in
Granada. This represented approxi mately 50—

75% of the vendors in each narket. W interviewed
a fishermen’s cooperative in San Carl os,

on the southern edge of Lake N caragua, on 30

May 2002, and in Mraflores and Puerto Mnotonbo
on Lake Managua, 24-27 March 2001. W

conducted interviews at the fish market and with
two fishermen and two exporters in Bluefields on
24 May 2004.

Resul ts

We found tilapias inhabiting watersheds that

cover 54.5% of the surface area of N caragua
(Table 1). W found tilapias in abundance in the
Coco/ Bocay, Matagal pa, Estero Real, and Buen
Suceso River watersheds, and in Lake Myua |,

and as mnor species in Lake Asososca Leo'n and
Lake Apoyo. They now appear in the conmerci al
catches in the brackish Pearl Lagoon in the | ower
Mat agal pa Ri ver watershed, at |east 350 km
downstream from Lake Apana’ s, where they were
apparently introduced. No til apias were encountered
in the watersheds listed in Table 2, which
constitute 28.5% of the surface area of N caragua.
We filmed tilapias in pairs over bowers in Lake
Apoyo on four occasions, at depths of 2-6 m over
sandy bottom Tilapias near bowers acted



aggressively toward A c.f. citrinellus (which
conpete for this habitat as foraging area) in two

of the four observations, as earlier reported by
McCrary et al. (2001). Bowers neasured 40 cm
maxi mum depth and 1-1.2 min dianmeter. Bowers

were reported in every nonth of the nonitoring

peri od.

We nonitored the status of subaquatic vegetation

in Lake Apoyo, which previously consisted

of extensive Chara beds, which had di sappeared

after release of O niloticus (Linnaeus, 1758) in

the lake in the 1990s (McCrary et al. 2001). W

found on four occasions small patches of Chara
(approximately 4 cmdi aneter) inside the nest

sites of A c.f. citrinellus and Parachrom s managuensi s
(@™ nther, 1869), in 2004. Chara sprouts

rapi dly di sappeared, however, after the nest sites
wer e abandoned, suggesting strongly that the

native cichlids deterred tilapias fromconsuning

the Chara while on nest. Several small netacercarial
cysts of trematodes were found in the soft

connective tissue at the posterior of the eyeballs

in the blind fishes exani ned from Lake Apoyo.

Wher eas several blind fishes were found during

all 22 excursions in Lake Apoyo, only two blind
fishes were seen in the 22 dives in Lake Xiloa’
during this period.

Fresh fish sales at the two narkets surveyed

included the cichlids A c.f. citrinellus, Astatheros
| ongi manus (Qu" nther, 1869), P. nmanaguensis, Parachronis

dovii (@ nther, 1864), and Oreochroms
Tabl e 2 Revi ewed wat er sheds of N caragua in which
tilapi as have not been encountered

Wat ersheds % OF surface area of

Ni caragua i n watershed

Ri veri ne systens

Indio Rivern1.69

Escondi do Rivera 8. 85

Kukal aya Rivera 2.97

Banbana/ Pri nzapol ka Ri versa 8.57

Wawa/ Si ksi kwa” s Riversa 4.08

Chi quito Ri ver/ Cosi gui na

wat er shed system

2.24

Crater |akes

Lake Tiscapac < 0.01

Lake Asososca Managuaac < 0.01

Lake Xiloa" ac< 0.01

Lake Masayaac 0. 02

Lake Apoyequec < 0.01

Lake Monte Gala’ nc < 0.01

aThi s study

bFabi o Buitrago (personal conmuni cation)
cWaid et al. (1999)
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spp. (tilapia); the eleotrid Gobi onorus dormtor
(Lace” pe de, 1800); the el opid Megal ops atl anticus
(Val enci ennes, 1847) (tarpon); and the pinelodid
catfish Rhandi a guatenal ensis (Gu ' nther, 1864). Til apias
constituted 31%f the freshfishbiomass in the

Masaya fishmarket and 42%f the G anadanarket

(Fig. 2). Tilapias were the second-largest cichlid in
the Masaya narket and the largest cichlid in the
Granada market (Fig. 3). \Wereas the Masaya

mar ket, largely serving |ocal consuners, was dom nated
by the cichlids A c.f. citrinellus, P. managuensis
and tilapias in approximately equa



proportions, tilapias andM atlanticus dom nat edt he
G anada market. Three tilapia vendors in G anada
reported sales of cleaned and gutted tilapia to
whol esal ers for resale in Guatemal a, Sal vador and
Honduras, which was not reported in Masaya. Al

ei ght vendors interviewed In Granada reported that
sizes of A c.f. citrinellus for sale have dropped in the
past years, reducing the marketability of the fish. The
San Carl os fishing cooperative handl ed only frozen
tilapia and M atlanticus, for international sale.Loca
fishernen on the San Juan River sold native cichlids
but not til apias.

Di scussi on

Ti | api as have continued their southward progress
of colonization of Lake Nicaragua to the southern
shore, where few tilapias were captured in the
early 1990s (McKaye et al. 1995). Al though many
wat ersheds in the Atlantic versant appear to be
free of tilapias, three of the largest, the Coco
River, the Matagal pa River and the San Juan _
River, all now contain tilapias. Tine will tell if
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tilapias mgrate fromone watershed to the next

along the Atlantic versant via brackish | agoons

and intra-coastal canals, which interconnect many

of the rivers seasonally. Another inportant ecosystem
is the volcanic crater |ake systemin which

there continue to exist |akes without til apia.

Hel mMinth parasites introduced with their cichlid
hosts into aquatic ecosystens have the potentia

to switch hosts and i nfect endem c species, and
dramatically affect a native fish popul ation



followi ng a species introduction (Jine nez-Garcy a
et al. 2001). This is illustrated by extensive nortality
in popul ations of the local sturgeon

Aci penser nudiventris (Lovetsky, 1828), follow ng

i ntroduction of the Caspian sturgeon, Acipenser
stellatus (Pallas, 1711) into the Aral Sea (Conbes
1996). The helmi nthic parasites of fishes should be
included in an overall biodiversity assessment in

Ni caragua before nore severe disruptions in their
communi ties occur (Brooks and Hoberg 2000). W
suggest here that the outbreak of blindness anong
native cichlids in Lake Apoyo (see McCrary et al
2001) is caused by trematode infection. The

tremat ode issue in Lake Apoyo currently is under
further investigation.

We show here that Chara beds, once abundant

from3 to 18 mdepth (Barl ow 1976), have di sappeared
from Lake Apoyo. The Chara beds,

preferred breeding habitat for sone of the native
fishes, have been essentially elimnated fromthe

| ake for nore than 5 years, nuch |onger than the
expected lifetinme of these fishes. Tilapia nay be
edgi ng out nolluscivores fromthe | ake, thereby
pronoting popul ational instabilities and propagation
of trematode infections (Stauffer et al

1997). Chara furthernore serves as inportant

refugia for juvenile cichlids and serves inportant
functions in substrate stability and water quality
and its loss creates a risk of endem c cichlid species
extinction. The ecosystem effects caused here

by the tilapias coincide with theories of introductions
(Fryer 1991) and in sone cases were, in

fact, predicted decades earlier (see Myers 1955;

Ri edel 1965).
Davi es (1976) nmentioned the presence of the
cichlids P. managuensis, P. dovii, Parachronms

friedrichsthalii (Heckel, 1840), A c.f. citrinellus
and Hypsophrys ni caraguensis (Agassiz, 1859) in

| ocal fish nmarkets, of which two species were not
found in our fish market surveys. Tilapias conpete
for breeding and/or feeding resources directly

with H nicaraguensis, P. dovii and sone

fornms of A c.f. citrinellus (MKaye et al. 1995).
Both P. managuensis and P. friedrichsthalii and
some forms of A c.f. citrinellus likely breed upon
macr oal gal mats, which are reduced or elimnated

by feral tilapias (see MCrary et al. 2001), which
could explain the absence of P. friedrichsthali

and the reported snaller sizes of A c.f. citrinellus
fromour present narket survey. El asnobranchs

Car char hi nus | eucas (Val enci ennes, 1841) and
Pristis perotteti (Linnaeus, 1758), now practically
nonexi stent in Lake N caragua, were once the
principal comrercial fishery products of the |ake,
and both species were sold in the |ocal narkets
(Davies 1976). Gar, Lepisosteus tropicus (GII,
1864), continues to be sold dried and salted in the
| ocal markets, nost notably during the dry season
(Decenber—April). We did not encounter any

sal es of dried Atherinella sardina (Meek, 1907)
fromthe G eat Lakes, once common in N caraguan
markets (Villa 1982).

Ti |l api as have clearly succeeded in the N caraguan
Great Lakes ecosystem and their presence

has corresponded to a reduction in the nunber of



species and in the market share of native species.
The perceptions of vendors coincide with the

earl1er denonstration that native cichlid bionass
correlates negatively with presence of tilapias in
Lake Ni caragua (MKaye et al. 1995), although

the link between tilapia introduction and the size
reduction in nojarras is not proven. The dangers
that tilapia my present in natural waters in

Ni caragua are especially difficult to eval uate because
native species inventories are not adequate

in virtually any watershed. Wthout nore

detailed information on the niches of feral tilapias
and native fishes in N caragua, the potential inpact
of tilapia introductions cannot be estimated
conservatively, as recommended by Stauffer

(1984).

Principle Il of the Principles of Conservation of
Wld Living Resources (Mangel et al. 1996)
states: ‘‘The goal of conservation should be to

secure present and future options by naintaining
bi ol ogi cal diversity at genetic, species, population
and ecosystem | evels; as a general rule neither the

resource nor other conponents of the ecosystem
Environ Biol Fish
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shoul d be perturbed beyond natural boundaries
of variation’’. In N caragua and in many ot her

devel opi ng countries, tilapia aquaculture is not
consistent with this principle, given that tilapia
are known to colonize tropical lacustrine and
estuarine ecosystenms with great ease, to cause

mar ked changes in vegetation structure where

they colonize, to acconpany inportant changes in
ecosystem structure and to depress local fish
popul ati ons (Canonico et al. 2005). The presence

of the A c.f. citrinellus species flock with dozens
of endemi c species in waters potentially or already
coloni zed by tilapia (MKaye et al. 2002)

underscores the inportance of adherence to this
principle. The principle of avoidance of introductions
as an extension of the precautionary

approach is not new to biologists and aquacul turi sts.
Prevention of practices that may lead to
introductions is the nost effective measure in al nost
any scenario of human activity (MNeely

2001) and has been specifically reconrended for

the aquacul ture industry (FAO 1995a, b; |ICES

1995; Bartley and M nchin 1996). Yet in poor
governnental 'y weak countries such as Ni caragua,

avoi dance of externalities is not well-devel oped,

| eaving the country open to risk-taking

activities without accountability when environmental
damage occurs (Jenkins 2001). Aquacul ture

activities are actively advocated by firstworld
academ cs, businesses, and forei gn governnent

donors in N caragua (Engle et al. 2002),

al t hough bi ol ogi cal invasions are generally an

over| ooked consequence of international trade

(Low 2001) in spite of docunmented and potenti al

i mpacts on biodiversity of rel eases of exotic species
into natural freshwaters in the tropics (e.qg.

Har greaves and Al ston 1991).

Anong the dangers of tilapia introductions is

the difficulty of elimnating them once they are



est abli shed. Mbdst nmanagenent techni ques to

control undesired fish populations are not effective
for control of tilapia (Stauffer et al. 1988),

al t hough a managenent programto increase the
abundance of potential predators of large til apias
such as alligators, Crocodrilus acutus (Cuvier

1807), gars and el asmobranchs, all vastly reduced

in Lake Nicaragua fromjust a few decades earlier
has been recommrended (McKaye et al. 1995).

There is potential for reducing the tilapia popul ations
in Lake Apoyo by targeted netting given its

| ack of vegetation, limted tilapia habitats, and
relatively small size. The sizes of tilapias encountered
in the Masaya and Granada markets far

exceed the sizes sought by the aquacul ture

i ndustry, suggesting resource under-exploitation

in Lake Nicaragua and its tributaries. Increased
fishing pressure on tilapia would likely elimnate
the larger fishes, which nmight aid in naintaining

ni che availability for native species without

harm ng the marketability of the caught til apia.

We agree with Riedel (1965), who stated nany

years ago regarding tilapia introductions in Ni caragua:
“* A successful eradication programe, if so

desired, appears extrenely difficult, if applicable
at all, when the financial requirenents for such an
action are taken into account.’

W recommend an i mredi ate moratorium on

activities that carry risks of tilapia introductions
as per international guidelines, via the follow ng
steps: (1) totally closed systens should al ways be
used when cultivating tilapia, and only in watersheds
where til apia have already penetrated; (2)

tilapia aquacul ture should be banned from
wat er sheds and | akes in which tilapia have not
becone established; (3) augnmentation of fishing
pressure on tilapias in Lake N caragua to reduce

the average fish size and thereby free niche space
for other fishes; (4) limtation of use of tilapia in
Ni caragua to those varieties proven to be already
introduced into its natural waters, thereby liniting
the genetic diversity of its feral stocks.
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