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Synopsis

Riverine fish assemblages in the temperate zone generally show strong longitudinal patterns of faunal
turnover and increases in species richness with increasing stream order. We examined the composition and
structure of tropical fish assemblages across a complex freshwater/marine ecotone in Tortuguero National
Park on the Caribbean coast of Central America. Species turnover was high between four characteristic
habitats that largely corresponded with a longitudinal gradient of stream order over distances of less than
30 km. Suites of common fish species characterized each habitat: creeks, rivers, lagoons, and the sea. In
addition to the habitat endemics, several species spanned two habitat types, but only three species were
collected in more than two habitats. Multivariate gradient analysis of fish assemblages reflected a gradient of
habitats that to some extent corresponded to fluvial distances. Due to the unusual configuration of coastal
lagoons lying parallel to the coast, the ordination gradient showed little correlation with linear distance to the
coast. Environmental variables related to habitat size and salinity showed greatest correspondence with the
fish assemblage ordination gradient. Invertebrate-feeding fishes were the predominant trophic group in 15 of
16 fish assemblages, and inland creek sites contained a greater proportion of herbivores and omnivores than
other sites. The relative fraction of herbivorous and detritivorous fishes showed a monotonic decline along
the longitudinal habitat gradient from inland to coast. Patterns of species composition and richness at
Tortuguero Park appeared to agree well with earlier models of factors influencing temperate zone stream
fishes. Headwaters have low aquatic primary productivity and contain small colonizing fish species subject to
large fluctuations in local densities and intermittent competition. Lagoons contain both large and small
species, the latter being restricted largely to shallow edge habitats by predation. Lagoons exhibit more lentic
environmental conditions, experience relatively fewer periodic disturbances than headwaters, and their
assemblages are inferred to be under relatively greater influence of biotic factors. Fish assemblages of rivers
and calios (swampy side channels and braids) appear to be under less abiotic control than headwaters and
influenced less by biotic factors than lagoons.

Introduction management concerns, with a primary goal being
improved understanding of the complex hierarchy
of physical and biotic environmental factors im-
pinging on the relative success of fish populations.

Interest in the structure of natural fish communities
is rooted in both ecological theory and fisheries
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of species associations can be reduced to the ques-
tion of between-habitat (beta) diversity, where
strong longitudinal patterns of species association
generally are replaced by a more complex spatial
configuration associated with microhabitat hetero-
geneity (Gorman & Karr 1978, Angermeier & Karr
1983, Meffe & Sheldon 1988, Lyons & Schneiper

1990).
This study investigates patterns of species associ-

ation and longitudinal zonation of fishes in Tortu-
guero National Park, a region of 18 947 ha on Costa
Rica's Caribbean coast. The park contains a mosaic
of diverse terrestrial environments, ranging from
speciose lowland tropical rainforest to palm swamps
and beach communities consisting of a few colo-
nizing species. Aquatic environments span a com-
plex, feshwater/marine ecotone and include small
headwater streams within distances of 0.3 to 13 km
from the sea coast, swamps, rivers, estuaries, and
ocean beach. One hundred-thirty fish species have
been documented from fresh, brackish, and marine
waters of Tortuguero National Park (Caldwell et
al. 1959, Gilbert & Kelso 1971, Bussing 1987,
Winemiller 1987). We employ multivariate meth-
ods of community gradient analysis and note levels
of turnover in the fish fauna over small spatial
scales that are comparable to patterns frequently
observed across much larger watersheds. We then
relate species distributions and assemblage affil-
iations to physical and biotic environmental fac-
tors.

Methods

Species assemblages can be examined from several
different perspectives, including spatiotemporal
patterns of taxonomic composition, trophic ecol-
ogy, and reproductive guilds. Investigations of riv-
erine fish assemblages have resulted in general hy-
potheses of longitudinal zonation (Kuehne 1962,
Sheldon 1968, Bishop 1973, Vannote et al. 1980,
Schlosser 1987). Investigators working with fishes
and aquatic invertebrates have identified strong
gradients ranging between (1) low-diversity, head-
water assemblages subject to periodic disturbance
from high variation in water discharge levels (Fish-
er et al. 1982, Meffe & Minckley 1987), and (2)
high-diversity assemblages in low-gradient, down-
stream reaches where biotic interactions appear to
exert a relatively greater influence (Allan 1975,
Schlosser 1987). Exceptions to this general pattern
are usually associated with special geological or
historical features, including rifting (Balon 1974,
Balon & Stewart 1983) and desertification (Smith
1981). In estuaries, physicochemical gradients are
again conspicuous and either directly or indirectly
influence species assemblages. A number of par-
ameters tend to be correlated with salinity and
form gradients across the freshwater/marine inter-
face, and these in turn influence species distribu-
tions and local abundances (Weinstein et al. 1980,
Felley 1987, Rozas & Odum 1987, Odum 1988).
Some species are directly limited by narrow physio-
logical salinity tolerance, whereas other species
having broad tolerances may be restricted from
certain locations by physical or biotic factors that
are correlated with salinity (e.g., nutrients, pro-
ductivity, habitat structural heterogeneity).

Multivariate methods for ecological gradient
analysis (Hill & Gauch 1980, Gauch 1982, Ter
Braak 1986) have intensified interests in patterns of
fish species association and distribution in relation
to riverine gradients (e.g., Matthews & Robison
1988, Townsend & Peirson 1988, Ibarra & Stewart
1989). Most studies of fish assemblages have fo-
cused on patterns observed across large spatial
scales corresponding to large watersheds or entire
zoogeographic regions (Burton & Odum 1945, Saul
1975, Cashner & Brown 1977, Horwitz 1978, Gra-
ham & Hastings 1984, Matthews 1986, Ibarra &
Stewart 1989). At small spatial scales, examination~

Study region

Tortuguero National Park lies within the Carib-
bean coastal lowlands of Costa Rica's Lim6n prov-
ince between 10° 20' and 10° 35' lat. N (Fig. 1). The
region is among the wettest on earth, averaging
about 5 m of rainfall per year with two main rainy
seasons from July to August and November to
January. Rainfall in excess of? m may occur during
an exceptional year. Generally, no month receives
less than 50 mm, and temperature shows little sea-
sonal variation with an annual mean of 23-26° C
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Fig. 1. Map of Tortuguero region. Locations of 16 study sites within the Rio Tortuguero, Rio Sierpe, and Caito California drainages are

indicated by numbers. Dark shading represents Lomas de Sierpe, dashed regions represent low-lying, Raphia palm swamps.

Cano Negro, and Laguna Jalova in Fig. 1). The
coastal lagoons are actually estuaries molded by
the dynamic forces of river sedimentation and
coastal currents. The Laguna Tortuguero averages
approximately 7.5 m depth at midchannel between
Tortuguero village (depth 13 m) and its mouth
(Nordlie & Kelso 1975). Two openings to the sea lie
at, or in close proximity to, the park boundary: a
permanent northern outlet at the mouth of the
Laguna Tortuguero, and the temporary Laguna
Jalova outlet to the south. The outlet at the Laguna
Jalova mouth only opens during periods of excep-
tional rainfall. For example, the mouth was open
during the peak summer wet seasons in 1983 and
1986, but completely blocked by a sand ridge

(Hirth 1963). Most of the western area of the park
is covered by pristine, lowland tropical rainforest,
but at least four other vegetative zones have been
recognized within the reserve: cativo swamp forest,
low marsh woodland, herbaceous marshland, and
halophytic coastal vegetation (Nuhn et al. 1967).
Many of the low marsh woodlands are dominated
by the palm Raphia taedigera.

Apart from the Lomas de Sierpe hills in the west
(Fig. 1), most of the park is coastal plain lying only
a few meters above sea level. Sediments of the
plain are of alluvial origin, formed by a coalescence
of river deltas. A distinctive network of narrow
lagoons lies parallel to the coast (corresponding to
Caiio Palacio, Laguna Tortuguero, Caiio Servulo,
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(fishes having almost no salinity tolerance), sec-
ondary division (fishes having limited or sometimes
substantial salinity tolerance), or peripheral divi-
sion (freshwater representatives from marine fam-
ilies). Some ichthyologists question the existence
of a high degree of uniformity within higher taxa
with respect to divisional affiliations based on salin-
ity tolerance (Bussing personal communication). A
recent test of salinity tolerance involving a small
number of Costa Rican species confirmed Myer's
divisions (Winemiller & Morales 1990). In terms of
species richness, the Central American ichthyofau-
na is dominated by secondary division freshwater
fishes of the families Poeciliidae and Cichlidae,
followed by peripheral division fishes, and primary
division fishes mostly of the Characidae. The Tor-
tuguero region lies within Bussing's (1976) Rio San
Juan fish province with about 55 reported fresh-
water species. An additional 75 marine species
have been collected from marine and estuarine
environments of the park (Gilbert & Kelso 1971,
Winemiller unpublished).

Collections

This study uses species' numerical abundances
from 16 sites that were intensively sampled from

June-August 1983, February-December 1985, and
August 1986. We combined our species numerical
abundances with primary data reported by Gilbert
& Kelso (1971) from earlier collections at many of
the same sites. Because our collections were more
frequent and intense at southern and inland loca-
tions and earlier collections were more frequent at
northern estuarine and ocean/beach sites, the two
data sets complemented one another in providing a
data set portraying regional species distributions
and relative abundances across a broad range of
aquatic habitats. Fishes were collected using seines
(6.2 x 1.9m, 4.7mm mesh; 2.5 x 1.9m, 3.2mm

mesh), dipnets (3.2mm mesh), castnets (1.9m
diam., 1 cm mesh), gillnets (25 m, 5 cm mesh; 25 m,
10cm mesh), and hook and line. In addition, Gil-
bert & Kelso (1971) used rotenone at several of the
inland stream sites. At a given site, all aquatic
habitats were sampled intensively with the primary

throughout 1985. Nordlie & Kelso (1975) observed
a tongue of saline water (8.7-10.5ppt) near the
bottom of the Laguna Tortuguero (depths> 5 m)
during both dry and wet seasons. Nordlie & Kelso
also reported high-tide salinities in surface waters
of the upper Laguna Tortuguero between 0.07 ppt
during the wet season and 0.7 ppt during the dry
season. One of us (KOW) measured surface salin-
ities less than or equal to 0.1 ppt in the same area
throughout the year 1985.

The Lomas de Sierpe are drained by small
streams that join east-flowing tributary streams
that drain the foothills of the central mountain
range lying 50-60 km to the west. Many of the
park's rivers have shifting sand substrates and ex-
hibit multiple channels, or braiding, prior to emp-
tying into the network of estuarine lagoons. Some
of the old river channels, like Cano Agua Fria
Viejo, are in excess of 3 m depth in some stretches,
and exhibit little or no water current during dry
periods. Salinity measurements never reached
0.1 ppt over the course of a year in Cano Agua Fria
Viejo (Winemiller 1987). Dense mats of floating
aquatic plants (Eichhornia, Hydrocotyl, Salvinia,
Azolla) sometimes cover the surface of these small
callOS during extended dry periods. Temporary for-
est pools and small creeks (e.g., Quebrada) lie
scattered about the eastern lowlands and barrier
islands that form partitions between sea and la-
goons. These small creeks have negligible gra-
dients and drain directly into the lower reaches of
rivers and lagoons. Salinity measurements from the
upper reaches of Quebrada and nearby forest pools
never exceeded 0.1 ppt during 1985.

The Central American freshwater fish fauna is
comprised of three basic groups: (1) a major com-
ponent of South American-derived freshwater spe-
cies, (2) a very minor component of North Amer-
ican-derived species, and (3) marine-derived pe-
ripheral species (Myers 1966, Miller 1966, Bussing
1976). The last group corresponds to species be-
longing to predominantly marine or brackish water
families that are physiologically and ecologically
adapted to live either all, or a portion, of their lives
in freshwater environments (Myers 1938,1966).
Myers (1938) classified Central American species
from freshwater families as either primary division
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phyte composition and relative coverage were re-
corded at each site. Habitat measurements were
generally made between 1200 and 1400 h on the day
the sampling effort was initiated. Complete records
of sample sites and dates are on file at the Texas
Natural History Collection of the Texas Memorial
Museum. Sample sites used in the analysis are as
follows: (1) ocean/beach environment adjacent to
the park and Tortuguero village, (2) the mouth/
outlet of the Laguna Tortuguero, (3) Laguna Tor-
tuguero between its outlet and national park head-
quarters, (4) Rio Tortuguero between Cafio Ben-
jamin and its confluence with the Laguna Tortu-
guero, (5) Cafio Benjamin, a sluggish, blackwater
western tributary of the Rio Tortuguero, (6) side
channel of the Rio Agua Fria (station 31 in Gilbert
& Kelso, 1971), (7) Rio Agua Fria, a stretch within
1 km of Agua Fria park station, (8) small west-
slope streams draining the Lomas de Sierpe and
entering the Rio Agua Fria in the vicinity of Agua
Fria park station, (9) Cafio Agua Fria Viejo, an old
swampy channel (braid) of the Rio Tortuguero,
(10) east-slope streams draining the Lomas de
Sierpe and entering old channels of the Rio Tortu-
guero northeast of the Lomas, (11) forest pool,
isolated during the dry season and approximately
100 m from Cafio Agua Fria Viejo, (12) Quebrada,
a small stream draining the barrier island and lying
on the park's northern boundary approximately
20 m north of the national park headquarters, (13)
Cafio Servulo, a deep, sluggish blackwater slough
entering the Laguna Tortuguero in the central east-
ern park, (14) Laguna Jalova, a temporary inlet at
the park's southeastern border, (15) Cafio Negro, a
narrow, winding channel connecting the Laguna
Tortuguero and Laguna Jalova, (16) Cafio Cali-
fornia, a river forming part of the park's southern
boundary and flowing into the Laguna Jalova (Fig.

1).

goal being attainment of a sample with all species in
relative proportions approximating those of the
local assemblage. A given sampling effort lasted
from approximately 0.5 to 5 days, and the effort
was continued until an hour or more of collecting
produced no additional species for the sample (fur-
ther details given in Winemiller 1987, 1990). Obvi-
ously, some sites were more efficiently and fre-
quently sampled than others, however by summing
many individual samples into annual site totals and
conversion of species' numerical counts into frac-
tional abundances, our estimates of species' rela-
tive abundances and spatial distributions should
have minimized most strong systematic biases.
Two modifications were made on entries in the
Gilbert & Kelso (1971) data set. Gilbert & Kelso's
sample of 2689 Pomadasys crocro larvae from the
Laguna Tortuguero on August 15, 1963 represent-
ed an unusual collection from a single massive ag-
gregation of migrating fish larvae. Because this
large number would have greatly affected the en-
tire distribution of species' numerical relative
abundances for Laguna Tortuguero, it was entered
as one individual for the present analysis. This
adjustment yielded a total of 95 individuals for the
site, which we feel more accurately represented the
annual relative abundance of the species within the
assemblage context. Also, three species were listed
by Gilbert & Kelso as 'many' in the central Laguna
Tortuguero (Eleotris spp., Gobionellus fasciatus)
because they were the predominant fish compo-
nents of the tismiche (huge migrating aggregations
of postlarval shrimp and larval fishes). We entered
each of these as 250 individuals.

At each sample site during the 1983-1986 collec-
tions, stream width and depth were measured to
the nearest 1 cm with a tape (at 3-4 points in a
lateral transect). Water current velocity was esti-
mated by timing the passage of a film canister filled
half-way with water over a measured distance in
midchannel. Dissolved oxygen was estimated by
Winkler titration, salinity was measured by meter
or calculated from density measurements, pH was
measured with reagent grade pH paper, and water
color was estimated with the Hazen scale (each
performed 2-6 x per sample date). Qualitative
shoreline characteristics, substrate, aquatic macro-

Data analysis

Fishes were identified following Lopez-Sanchez
(1968), Gilbert & Kelso (1971), Villa (1982), Rivas
(1986), and Bussing (1987). Specimens were depos-
ited in the Florida State Museum, Gainesville (Gil-
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bert & Kelso 1971), the Natural History Museum of
the University of Costa Rica, San Jose, and the
Texas Memorial Museum, Austin. Species' numer-
ical abundance data were combined for sites that
were sampled repeatedly, and sample totals were
converted to species' relative abundances. Differ-
ences in relative abundances between wet and dry
seasons were recorded for Quebrada, Cafio Agua
Fria Viejo, Laguna Tortuguero, Laguna Tortugue-
ro mouth, Cafio Negro, and forest pool. Species
diversity at each site was calculated as the index of
Shannon & Weaver (1963):

H' = - L Nj/N loglo Nj/N

as well as linear distances to the coast were mea-
sured to the nearest 0.1 km on a 1: 50000 map
(Servicio de Parques Nacionales, Ministerio de
Agricultura y Ganaderia, San Jose, Costa Rica). In
addition to DCA, a direct gradient analysis was
performed with de trended canonical correspond-
ence analysis (DCCA), a multivariate technique
that ordinates sites using information from both
species abundances and a set of environmental var-
iables (Ter Braak 1986, 1988). In addition to fluvial
distance, we placed the following environmental
variables into discrete categories: average channel
width, average depth, water current, water color
(clear versus tannin-stained), salinity (calculated
from density), and substrate. Categories were
based on the measurements or estimates that were
repeated over time at each site, with the exception
of the lomas creeks which were sampled only dur-
ing June 1985. Recorded temperature, dissolved
oxygen, and pH values did not show large between-
site or temporal variation and thus were excluded
from further consideration.

Euclidean distances based on site scores on the
first two DCA axes were used as estimates of simi-
larity in clustering by a hierarchical linkage algo-
rithm (Wilkinson 1989). A jackknifing method was
used to estimate the consistency of nodes and ter-
minal units of the dendrogram (Ibarra & Stewart
1989). Consistency of nodes and site arrangements
in the dendrogram were estimated by comparisons
with a series of dendrograms in which one of the 16
sites was removed sequentially from the dgta set.
The trophic status of each species was categorized
as either piscivore, invertebrate-feeder, omnivore,
or herbivore (the latter includes varying degrees of
detritivory) based on stomach contents data gath-
ered by Winemiller (1987, 1990, unpublished,
Winemiller & Pianka 1990).

The Shannon index is a function of two compo-
nents, species richness (i.e., length of the frequen-
cy distribution of species' relative abundances) and
evenness (i.e., degree to which a distribution is
platykurtic), and here we contrast H' with species
richness as a simple comparative index of relative
evenness (Tramer 1969, Hurlbert 1971). Turnover
of species between adjacent sites along longitudi-
nal gradients was examined by calculating the per-
centage of species shared between adjacent sites
from downstream to upstream, and by plotting the
percentage of original species remaining from a
given site while moving through sequential samples
along the upstream gradient.

Detrended correspondence analysis (DCA)
served as an ordination method for identifying as-
semblage gradients based on species' relative abun-
dances (Hill 1979, Hill & Gauch 1980, Gauch
1982). We used the rare-species downweighting
option on raw relative abundances and 26 segments
for detrending site scores on the gradient axes. We
also performed DCA without downweighting and
with detrending by polynomials rather than seg-
ments using CANOCO (Ter Braak 1986, 1988).
Since very little variation was observed among tests
using the same data set, especially on the first gra-
dient axis, we report only the results from DCA
with downweighting and de trending by segments.
Correlations between fluvial distance (i.e., river
distance between site and sea outlet) and the first
DCA axis provided one indirect estimate of gra-
dient analysis (Ter Braak 1986). Fluvial distances

Results

Species richness of Tortuguero Park fish assem-
blages varied from a low of 6 in the forest pool to a
high of 80 in the Laguna Tortuguero. High faunal
turnovers (i.e., the inverse of speci~s retention),
ranging from about 60% to more than 90% re-
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Fig. 2. Species turnover (expressed as percentages of species
shared between adjacent sites moving upstream) in the RIo
Tortuguero drainage (top), Caiio Servulo drainage (middle),
and Caiio California drainage (bottom).

placement of species from the previous down-
stream station, were observed in 9 out of 14 transi-
tions in the Rio Tortuguero/Laguna Tortuguero
drainage and two of three transitions tested in the
Laguna Jalova drainage (Fig. 2, Appendix 1).
Some of these distinct faunal transitions occurred
over distances as small as a few meters, as between
the Laguna Tortuguero and the small barrier island
creek, Quebrada (20% species retention). Five of
the 21 species recorded from Quebrada (Gymno-
tus, Rhamdia, Rivulus, Synbranchus, Cichlasoma
alfari) were never collected from the adjacent la-
goon.

The first DCA axis described a longitudinal gra-
dient running from low-order tributary streams
containing relatively few species (low scores) to
more speciose downstream sites and finally the
ocean (Fig. 3, eigenvalue = 0.84.4). The second
DCA axis (eigenvalue = 0.328) was much more
difficult to interpret, but appeared to order trib-
utary stream sites along an east (high scores) to
west (low scores) gradient when all sites were in-
cluded in the analysis (Fig. 3a). When the isolated
forest pool (site 11) was eliminated from the analy-
sis, the ordination of the remaining sites on the first
DCA axis was virtually unchanged (Fig. 3b), and
ordination of sites on DCA axis 2 yielded no gener-
al pattern of interpretation (Caiio Servulo, Negro,
and Laguna Jalova with high scores versus Caiio
California and a side channel of the Rio Agua Fria
with low scores).

The longitudinal pattern of zonation implied
from the first DCA axis can be seen clearly in the
spatial pattern of distribution of the most common
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Table 1. Common species characteristic of each of the four major faunal zones and ubiquitous species common in two or more adjacent
zones (I) of the aquatic environmental gradient in Tortuguero National Park.
-
Creeks

-
Rivers Lagoons

-
Ocean

Astyanax fasciatus

Bryconamericus scleroparius
Gymnotus cylindricus
Rhamdia guatemalensis
Rivulus isthmensis
Priapichthys annectens
Cichlasoma septemfasciatum

Astyanaxfasciatus :.
Alfaro cultratus
Phallichthys amates
Cichlasoma alfari
Cichlasoma nigrofasciatum
Gobiomorus dormitor . . . . . . . . . .. . .. Gobiomorus dormitor
Eleotris amblyopsis . . . . . . . . . . . . . . . . Eleotris amblyopsis
Eleotris pisonis

Atractosteus tropicus

Brycon guatemalensis
Roeboides guatemalensis

Brachyrhaphis parismina
Cichlasoma dovii
Cichlasoma nicaraguense
Cichlasoma rostratum

Belonesox belizanus
Poecilia gilli
Melaniris milleri
Strongylura timucu
Cichlasoma centrarchus
Cichlasoma citrinellum
Cichlasoma loisellei
Cichlasoma maculicauda

Herotilapia multispinosa
Pomadasys crocro

Lutjanus jocu
Centropomus pectinatus
Oostethus lineatus
Achirus lineatus

Citharichthys spilopterus
Trinectes paulistanus
Dormitator maculatus
Evorthodus lyricus
Gobionellus boleosoma
Gobionellus fasciatus
Gobiosoma spes

Anchoa lamprotaenia
Anchoviella elongata

Myrophis punctatus
Hyporhamphus roberti

Centropomus parallelus
Diapterus plumieri
Diapterus rhombeus
Eucinostomus melanopterus
Bairdella ronchus

Micropogonias fumieri
Microdesmus carri

Bathygobius soporator
Sphoeroides testudineus

Megalops atlanticus
Mugil curema
Caranx hippos
Caranx latus

Oligoplites palometa
Centropomus undecimalis

Harengula jaguana
Odontognathus compressus
Opisthonema oglinum
Pellona harroweri
Coleotropis blackbumi

Polydactylus virginicus
Conodon nobilis

Pomadasys corvinaeformis
Larimus breviceps

Ophioscion panamensis
Stellifer colonensis
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Fig. 4. Dendrogram based on average clustering algorithm
showing site groupings based on DCA 1 and 2 scores. Horizon-
tal axis is the average Euclidean distance between samples and
nodes. Numbers by nodes indicate percent consistencies based
on the jacknifing technique. Seven basic clusters were indenti-
fied: a single isolated forest pool, an inland stream group, two
inland river sites, two heterogeneous groupings comprised of
downstream river sites, and a coastal group.

Tortuguero and the lower Rio Agua Fria (including
Quebrada) plus Cafio California, (2) Cafio Servu-
10, Cafio Negro, Laguna Jalova, and the Rio Agua
Fria, (3) the two Lomas creeks, and (4) the forest
pool. The Rio Agua Fria assemblage's affiliation
with southern coastal systems arises from similar
loadings on DCA axis 2 (Fig. 3). Although sub-
stantial differences between the two assemblages
were apparent, Rio Agua Fria and Cafio Negro
shared several species in similar relative propor-
tions (e.g., Brycon guaternalensis, Roeboides gua-
temalensis, Cichlasoma dovii, C. rostraturn).

Site scores on the first DCA axis showed weak
negative correlations with linear and fluvial dis-
tances from the coast (Fig. 5). Species diversity was
not significantly correlated with DCA axis 1, and
species richness showed a weak positive correla-
tion. Species richness showed a general decline
with increasing distance from the sea within the Rio

Tortuguero/Laguna Tortuguero drainage (Fig. 6).
Laguna Tortuguero contained the greatest number
of species (N = 80), followed by the swampy side-
channel, Cafio Agua Fria Viejo (N = 58) located
approximately 8 km upstream. Species diversity
(H') showed no consistent trend and relatively lit-
tle variation (range = 0.68-0.89) over the course of

the flow between the lomas headwaters and the
ocean. Species richness and diversity were uncorre-

fish species (Table 1). A large number of species
were characteristic of only one type of aquatic hab-
itat in the region. For example the characid, Bryco-
namericus scleroparius, and the poeciliid, Priap-
ichthys annectens, were only found in the small
streams of the Lomas de Sierpe, and the killifish,
Rivulus isthmensis, was only taken in flooded for-
ests, isolated forest pools, and the upper reaches of
Quebrada (also forested). Similarly, the characid,
Brycon guatemalensis, and the poeciliid, Brachy-
rhaphis parismina, were common in rivers but ex-
ceedingly rare or absent from feeder creeks and
lagoons. A large number of species were found
only in the marine environment (Table 1, Appen-
dix 1), whereas another group of essentially marine
species were almost always encountered in the es-
sentially freshwater (with brackish layer beneath)
lagoons (e.g., Eucinostomus melanopterus, Sphoe-
roides testudineus). Another large group is com-
prised of species that were common in two different
habitats, but generally not more than two. Exam-
ples include Alfaro cultratus inhabiting creek-pools
and river-edge habitats, and the pike livebearer,
Belonesox belizanus, common along shorelines of
both rivers and lagoons. Only three of the 130
species collected from the region could be consid-
ered common components of the fish assemblages
of more than two general habitat types. The pri-
mary division fish, Astyanx fasciatus was abundant
in nearly all aquatic environments of the park, with
the exclusion of lagoon outlets and the marine envi-
ronment. The sleepers, Eleotris amblyopsis and
Gobiomorus dormitor were taken in small trib-
utary streams, rivers, callOS, and lagoon littoral
zones. Eleotris amblyopsis, was thought to be the
first or second most important larval fish compo-
nent of the tismiche (huge aggregations of postlar-
val palaemonid shrimp and larval fishes) entering
the Tortuguero lagoon (Gilbert & Kelso 1971,
Winemiller unpublished).

Clustering based on similarities of scores on the
first two DCA axes produced large separations
between fish assemblages of the ocean, Laguna
Tortuguero outlet, and the other 14 sites (Fig. 4).
Within the freshwater/estuarine cluster, four sub-
groups are identified at distance of 63 DCA units:
(1) sites running along a gradient between Laguna
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Fig. 5. Plots and correlations of site scores on the first DCA axis with site distance from coast, fluvial distance, species diversity, and
species richness.

(e.g., Caiio Servulo). In general, clear headwaters
gradually gave rise to increased levels of staining
from leached organic compounds in the downstream
direction. Fast water currents (> 0.35 ms-l) were
only observed on the ocean coast and in rivers
during periods of high rainfall. The transition be.
tween freshwater and saline water is apparently
rather abrupt near the surface of the water column
(i.e., lagoon salinity measurements never exceed-
ed 1.0ppt over 10 months in 1985) whereas most
mixing probably occurs near lagoon mouths. Bot-
tom salinities in coastal lagoons exhibit a much
more complex pattern of variation. Salinities at
bottom depths ranged between 8.7 and 10.5 ppt
during both wet and dry seasons over a distance of
5 km in the lower Laguna Tortuguero (Nord lie &
Kelso 1975). During the dry season, lagoon bottom
salinities ranged from 8.7 to 10.3 between low and
high tides.

lated within the Rio Tortuguero drainage (r =
0.09).

Plots of percent species remaining at successive
upstream sites starting from three initial down-
stream sites in the Rio Tortuguero drainage
(ocean, mouth, lagoon) show a rapid initial turn-
over of species within the first 10 km (Fig. 7). Be-
yond 10 km, the rate of species deletions and re-
placements falls off sharply until all of the original
ocean and lagoon outlet species are replaced in the
creeks on the western slope of the lomas. Only one
lagoon species, Gobiomorus dormitor, was found
both in the lagoon and small creeks on the western
slope of the lomas.

Environmental characteristics of the 16 sample
sites varied widely, often over very short distances
between adjacent habitats (Table 2). Substrates
were generally sandy with vegetative litter and silt
collecting in forest pools and deep, sluggish canos
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Fig. 6. Relationship between species richness and diversity plot.
ted by fluvial distance in the Rio Tortuguero drainage (longitu-
dinal course from mouth to western lomas streams).
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Fig. 7. Percentages of fish species from the initial assemblage

remaining in comparisons of successive longitudinal samples

moving upstream from the ocean/beach (a), Laguna Tortuguero

mouth (b), and Laguna Tortuguero (c).

chus were more abundant in Laguna Tortuguero
during the dry season.

Relative percentages of species assigned to four
trophic categories (herbivore/detritivore, omni-
vore, invertebrate feeder, piscivore) exhibited in-
tersite variation (Fig. 8). Contingency table analy-
sis for frequencies of species in four trophic cate-
gories in 16 sites was nonsignificant (X2 = 39.3,
45 df, P = 0.71). Invertebrate feeders were the

most species rich group at 15 of the 16 sites. The
omnivorous cichlid, Cichlasoma nigrofasciatum,
was a numerically-dominant species at Calio Servu-
10, a blackwater site with low fish density and spe-
cies richness (N = 14). When fish assemblages

were grouped by basic habitat (4 creeks,S rivers,S
lagoons, 1 ocean), significant associations emerged
for both the number of individuals collected and
number of species collected within the various
trophic categories (Table 4). Mean relative per-
centages of individuals in different trophic cate-
gories was significantly associated with habitat
(X2= 81.5, 9df, p< 0.0001). Sampling in a down-
stream progression, herbivorous fishes dropped
out of assemblages, from a high of 30% in creeks to
a low of 5% in the sea. Omnivores were not a
dominant group in any habitat and were entirely
absent from the sea. Much of the decline in these
two groups was associated with a reciprocal in-
crease in invertebrate-feeding fishes in lagoon and
ocean environments. Mean relative percentages of
species in different trophic categories showed the

Canonical correspondence analysis (DCCA) re-
sulted in the same ordination of sites along the first
gradient axis (eigenvalue = 0.782) with coastal
sites having low scores and headwaters having high
scores. A Monte Carlo test of statistical signif-
icance employing 99 null randomizations (Ter
Braak 1988) resulted in p < 0.025 for the first axis
with an overall trace at p < 0.05. Of the 7 physical
variables listed in Table 2 (water type = salinity,
clarity), channel width (- 185), depth (134), and
salinity (144) had high loadings on the first gradient
axis (fluvial distance - 63, current - 79, clarity
- 62, substrate 79). The second axis (eigenvalue =
0.323) was also influenced primarily by channel
width (- 91) and depth (83) plus substrate (109).
Loadings of the other four environmental variables
on axis 2 ranged between - 77 (clarity) and 2 (flu-

vial distance).
When data were broken down by season, several

common species in Laguna Tortuguero showed
substantial seasonal shifts in their relative abun-
dances (Table 3). Melaniris milleri, Eucinostomus
melanopterus, and Eleotris amblyopsis had the
greatest relative abundances during the wet sea-
son. Wet season increases in the numbers of E.
amblyopsis in the Laguna Tortuguero were due
largely to downstream rafting in floating mats of
aquatic vegetation torn free from swampy up-
stream locations by fast water. M. milleri had high-
er levels of reproduction during the wet season at
Tortuguero (Winemiller unpublished). Marine
species Centropomus pectinatus and Bairdiella ron-
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same trends as individual percentages (X2 = 43.3,
9 df, P < 0.0001). The absolute number of different
species revealed no consistent pattern between
trophic categories and habitats (X2 = 16.46, 9 df,
P = 0.058).

Discussion

Fish assemblages of the Tortuguero region exhibit
a strong pattern of longitudinal zonation over a
fluvial distance of only 28 km between creeks
draining the Lomas de Sierpe and the sea. This
longitudinal zonation is similar to patterns observ-
ed in temperate zone coastal faunas (Felley 1987,
Rozas & Odum 1987, Odum 1988) and is accompa-
nied by a series of species replacements and dele-
tions in successive downstream locations. Yet, the
site clusterings that combined two drainages in-
dicated that fluvial zonation does not always have a
high correspondence with spatial coordinates. The
complex mosaic of waterways within Tortuguero
Park resulted in poor correlation between zonation
of fish assemblages and minimum linear distance to
the sea coast. Streams on the western slope of the

Lomas de Sierpe flow west before joining the Rio
Agua Fria, which in turn flows north to join the
northeast-bound Rio Tortuguero. Streams drain-
ing the eastern slope of the lomas flow either north
to join the Rio Tortuguero drainage, east to palm
swamps associated with Cafio Servulo, or south to
the Rio Sierpe. The unusual arrangement of la-
goons, parallel and in close proximity to the coast,
is a dominant feature of the region, and one which
greatly reduces correlations between linear dis-
tance and fluvial distance. In addition, the coastal
lagoons receive effluent waters from numerous in-
dependent tributaries that vary greatly in size and
environmental conditions. For example, the Lagu-
na Tortuguero/Laguna Jalova network has six ma-
jor western tributaries plus an unknown number of
small forest creeks entering from the west and from
the barrier island to the east. Due to the high and
fairly evenly distributed annual rainfall, the small
creeks, even those under tidal influence, are essen-
tially freshwater environments throughout the

year.
At least six of the common species from creek

assemblages appeared to be largely restricted to
creek environments (Table 1). Quebrada is sep-

Table 2. Some physical features of the principal sample sites during the wet season. Water current was classified as slow (S, 0-0.10 m
S-I), moderate (M, 0.10-0.35 m S-I), or fast (F, > 0.35 m S-I). Water type was classified as clear (C) or tanin-stained (T) and saline (S,
salinity 10-35 ppt), brackish (B, 1-10ppt), or fresh (F, < 1 ppt). Substrate type was classified as fine silt/mud (M), sand (S), or vegetative
litter (L).

Site Fluvial distance Ave. width

(m) (m)

Ave. depth

(m)

Current Substrate typeWater type

F
F
MIS
F/M
MIS
M
F/M
SIN
M
MIS
N
S
S
S
S
M

C,

B,

B,

B,

B,

T/(

C,

C,

T,

C,

C,

C,

T,

T,

T,

T,

S
S
S/L
S/L
SlUM
S/L
S/L
S/L
S/L
S
UM
S/L/M
UM
S
S/L
SIL

-
110
300
40
4.0

20
7.0
1.7

26.3
1.5
6.0
2.5

50
100
50
60

-
6.0

10.0
2.0
1.0
1.5
1.1
0.3
1,5
0.5
0.4
0.4

10.0
6.0
2.0
2.0

Ocean
Mouth Laguna Tortuguero

Laguna Tortuguero
Rio Tortuguero
Caiio Benjamin
Rio Agua Fria Arm
Rio Agua Fria
West Lomas Creeks
Caiio Agua Fria Viejo
East Lomas Creeks
Forest Pool
Quebrada
Caiio Servulo
Laguna Jalova
Caiio Negro
Caiio California

0
0.1
3.5
9.5

10.5
18.7
24.5
28.2
11.7
16.0
11.8
5.5

25.7
0.1
1.9
5.6

S
SIB
BIP
F
F
:, F
F
F
F
F
F
F
F
B
BIP
BIP
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freshwaters upstream from lagoons and dropped
out altogether in the smaller rivers and streams
(e.g., Centropomus spp., Eucinostomus spp., Ca-
ranx spp., Mugil curema). Similarly, most if not all
of the species from freshwater families cannot tol-
erate salinities at levels encountered at the lagoon
It)outh and sea coast. Yet, a number of freshwater
species were firmly established components of the
upper and middle reaches of coastal lagoons
throughout the year. The characid, Astyanax fas-
ciatus, was a dominant species at a large number of
sites, including coastal lagoons. A. fasciatus is a
generalized omnivore (Winemiller 1982, 1987,
1990) with a very wide geographic distribution. As
the species is currently defined, A. fasciatus ranges
throughout much of the neotropics from northern
Argentina to central Mexico (Miller 1966). Where-
as A. fasciatus was the most numerically abundant
species within the region (comprising approximate-
ly 10% of the total regional fish sample), two pe-
ripheral freshwater species from marine-affiliated
families, Eleotris amblyopsis and Gobiomorus dor-
milar, showed the widest distributions along the
longitudinal stream gradient. Gobiomorus and sev-
eral marine species (Carcharinus leucas, Pristis pe-
rotteti, Tarpon atlanticus) have established stocks
as far inland as Lake Nicaragua (Villa 1982, Buss-

ing 1987).

arated from the coast by only 200-300m (linear
distance), but its faunal composition was a blend of
species characteristic of inland creeks and small,
edge-dwelling lagoon and river species. Hyphes-
sobrycon, Gymnotus, Rhamdia, and Rivu/us ex-
hibited large gaps in regional distribution between
lomas streams and Quebrada. The Rio Tortuguero
and lagoon environments apparently inhibit inva-
sion by these and other inland species for reasons
that are currently unknown. Salinity alone does not
restrict freshwater fishes from invading the la-
goons, because the upper water column layer is
generally < 1 ppt and is essentially freshwater
«O.lppt) during the 7-8 wettest months. Oppor-
tunities for dispersal from inland to coastal creeks
would abound during wet seasons in the form of
drifting rafts of Hydrocoty/ and other floating aq-
uatic macrophytes.

Inland penetration and establishment of many
marine fish species is clearly a consequence of limi-
tations in physiological mechanisms for dealing
with a hypotonic environment. Sixty-two percent
of fishes comprising the ocean assemblage were
never found beyond the mouth of the lagoon, and
86% were never encountered further inland than
the coastal lagoons. Several essentially marine spe-
cies with obvious capabilities for adjusting to the
freshwater environment were extremely rare in

Table 3. Fish species showing seasonal shifts in relative abundance in Laguna Tortuguero in the region of the national park headquarters

during 1985.

Species Wet months Dry months

No. sampled Relative abundance No. sampled Relative abundance

Melaniris milleri

Centropomus pectinatus
Eucinostomus melanopterus
Bairdella ronchus
Eleotris amblyopsis

Primary division species
Primary div. individuals
Secondary div. species
Secondary div. individuals
Peripheral & marine species
Peripheral & marine indiv.
Total species
Total individuals

84
81
41
9

76

2
13
10
75
37

589

(0.122)
(0.118)
(0.059)
(0.013)
(0.110)

(0.04)
(0.02)
(0.20)
(0.11)
(0.76)
(0.87)

34
330

9
146

4

(0.044)
(0.429)
(0.012)
(0.190)
(0.005)

(0.02)
(0.02)
(0.20)
(0.06)
(0.78)
(0.92)

17
9

42
36

710
49

679
46

769
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14 1513

Sample site

Fig. 8. Distributions of percentages of total individuals collected
from four trophic categories in 14 Tortuguero Park fish as-
semblages. Numbers above bars are total number of species
collected in each category at each site (fractional values resulted
from species exhibiting major ontogenetic feeding shifts that
received half assignment to two different trophic categories).

cies encountered in greater abundances in drainag-
es to the west of Tortuguero Park (Bussing 1987,
Winemiller unpublished). Similarly, Cichlasoma
nicaraguense, C. septemfasciatum, and C. tuba
were much more abundant in forested regions to
the west of the park. Several related taxa have very
similar ecologies and seemed to replace one an-
other in different habitats. As stream size increas-
es, Alfaro cultratus replaces Priapichthys annectens
as the dominant insectivorous poeciliid. In some of
the smallest forest streams, Priapichthys may be
joined by a second insectivorous poeciliid, Brach-
yrhaphis holdrigei. In rivers and callOS, Alfaro in-
habits quieter and shallower waters than another

surface-dwelling insectivore, Brachyrhaphis paris-
mina. The algae-grazing poeciliid Phallichthys
amates was more abundant in smaller streams, and
the larger Poecilia gilli was more prevalent in la-
goons. The two species coexisted in large numbers
in intermediate environments such as river back-
waters and callOS. Cichlasoma tuba is a large detri-
tivorous/algivorous cichlid of clearwater rivers,
such as the Rio Agua Fria, Rio Sierpe, upper Cano
California, and higher gradient rivers lying to the
west. Cichlasoma tuba is entirely replaced by the
deeper-bodied C. maculicauda in the lower reaches
of rivers, callOS, and coastal lagoons.

These observations lead us to the general ques-
tion of whether regional patterns of species turn-
over reflect fishes' physiological responses to their
physicochemical environment, or response to the
biological forces of predation and competition?
For example, Matthews (1987) found good corre-
spondence between the responsiveness of North
American cyprinids to harsh conditions in labora-
tory tests and their distributions in the wild. Three
out of seven physical environmental variables that
we included in DCCA had high loadings on the first
ordination axis. Among these, the physiological
effects of salinity level are obviously of major im-
portance in structuring fish assemblages across the
lower reaches of the freshwater/marine ecotone
(i.e., from deep waters of lagoons to the ocean).
Salinity was probably not a major factor influen-
cing fish assemblages further inland. The other two
dominant variables in DCCA, stream width and
depth, are components of habitat size. Of course

Zonation of Tortuguero fish assemblages corre-
sponded to four basic habitats: creeks, rivers, la-
goons, and the sea. Even though creek habitats
exhibit an irregular spatial arrangement within the
region's mosaic of winding, low-gradient water
courses, fairly distinctive fish assemblages can be
mapped over a general longitudinal pattern of flu-
vial habitat zonation that in large part correspond-
ed to the first axis from DCA. Lomas creeks con-
tained three species that were encountered in no
other region of the park. Apparently, the Lomas de
Sierpe constitute the eastern-most limit of suitable
habitat for Bryconamericus scleroparius, Priapich-
thys annectens, and Brachyrhaphis holdridgei, spe-
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many variables, both measured and unmeasured,
might be expected to covary to some extent with
habitat size within a fluvial gradient. Yet, the most
species rich assemblages were not necessarily asso-
ciated with the largest habitats. Laguna Tortugue-
ro yielded a richer ichthyofauna (80 species) than
the ocean/beach (42 species). Some of this differ-
ence could have been associated with lower effi-
ciency in sampling the deeper and more turbulent
waters of the coast. Cafio Agua Fria Viejo had the
second highest number of species (N = 58) but
only ranked eighth in size of habitat (Table 2).
Species richness in this swampy channel is probably
influenced by a habitat edge effect (i.e., 'mass ef-
fect' of Shmida & Wilson 1985) that fosters ele-
ments associated with both river and lagoon envi-
ronments. In effect, callOS and backwaters repre-
sent an additional kind of ecotone involving a tran-
sition between (1) small clearwater rivers
dominated by freshwater division fishes and (2) the
predominantly lentic environment of lagoons con-
taining many marine faunal elements. Several fish
species common in either rivers or lagoons, but not
both (Table 1), coexisted in Cafio Agua Fria Viejo.
In addition, cafio and lagoon habitats contained the
greatest structural heterogeneity in the form of

diverse aquatic vegetation, submerged trees and
limbs, coarse detritus, and leaf packs. Species di-
versity of fishes and other vertebrates is often posi-
tively correlated with habitat structural heteroge-
neity (Gorman & Karr 1978).

Compared with physicochemical parameters,
the relative influence of biotic interactions on the
structure of Tortuguero fish assemblages is some-
what more difficult to infer. However, additional
ecological information concerning two of the as-
semblages indicates that biotic interactions prob-
ably assume a greater relative role in structuring
more species rich assemblages. Winemiller (1991)
performed an ecomorphological analysis of the
core species from the Quebrada and Calio Agua
Fria fish assemblages, plus eight other freshwater
fish assemblages from three continents. The total
range of estimated morphological space was
greater in the more species-rich Agua Fria Viejo
assemblage compared with Quebrada fishes, and
the average distance between species was not sig-
nificantly smaller in more diverse systems. These
patterns suggest greater levels of ecological special-
ization in the Agua Fria Viejo assemblage in associ-
ation with either an expanded resource base, spe-
cies packing, or a combination of both. In addition,

Table 4. Mean percentages of individual fishes and species in four trophic categories collected from four creek sites, five river sites, five

lagoon sites, and ocean beach sites in the Tortuguero region.

Mean percentages by number of individuals collected

Herbivores Omnivores Invert.-feeders Piscivores Total no. indiv

30%
26%
10%
5%

4,549

15%

2ZO/o

7%

0%

3,405

39%
39%
60%
85%

9,684

16%
13%
23%
10%

3,376

Creeks
Rivers

Lagoons
Ocean

Total no. indiv. 20,914

Mean percentages by number of species collected

Herbivores Omnivores Invert.-feeders Piscivores Total no. spp.

Creeks
Rivers
Lagoons
Ocean

Total no. spp.

14%
10%
9%
2%

7

21%
13%
9%
0%

11

51%
55%
51%
60%

74.5

14%
22%
31%
38%

37.5

37
66
94
42

130

2,545
12,151
5,485

733



44

Winemiller & Pianka (1990) employed a null model
to statistically examine two forms of trophic orga-
nization in the Quebrada and Cafio Agua Fria Vie-
jo assemblages. Both assemblages showed signif-
icant community-wide resource segregation during
both wet and dry seasons. Significant guild struc-
ture was observed among Cafio Agua Fria Viejo
fishes during both seasons and among Quebrada
fishes during the wet season. Non-random guild
structure and resource segregation, in particular,
strongly imply a major effect of biotic interactions
on community structure (Lawlor 1980, Winemiller
& Pianka 1990).

Relative proportions of both individuals and spe-
cies in the four trophic categories reflected a major
longitudinal gradient in the utilization of benthic
detrital and periphyton resources. Percentages of
herbivore-detritivores declined montonically along
a headwater to ocean gradient. In contrast to
stream herbivores, which generally are dominated
by insects plus a significant number of algae-scrap-
ing fish species in the neotropics (Power 1984,
Winemiller 1990), phytoplanktivorous microcrus-
tacea assume dominance in the role of primary
consumer in lentic freshwater and marine envi"-
ronments. Fruits and seeds are additional re-
sources available to freshwater herbivores and om-
nivores that are essentially unavailable in the sea.
The sharp decline in the number of individual her-
bivorous and omnivorous fishes at sea was associ-
ated with a large increase in the relative fraction of
invertebrate feeders, mostly in the form of zoo-
planktivores. While the relative proportion of pis-
civores was actually smaller in the sea than fresh-
water habitats, the fraction of species that were
piscivorous was greater. Marine piscivores were for
the most part large species (e.g., Tarpon, Thunnus,
Sphyraena), and the disparity between numerical
and specific proportions could be attributed to
sampling error associated with the high mobility
and patchy distributions of these species in the
nearshore marine environment. Even so, data for
trophic categories clearly reflect major differences
in the resource base in different Tortuguero hab-
itats. Most primary consumption is by zooplankton
in the nearshore marine environment, and the
great importance of this resource for fishes can be

seen in the dominance of the marine assemblage by
invertebrate-feeders.

Patterns observed in the Tortuguero fish fauna
and their relations to characteristics of the region's
aquatic environments generally agree with recent
conceptual models of factors influencing longitudi-
nal stream succession reviewed recently by Van-
note et al. (1980), Fisher (1983), Schlosser (1982,
1987), and Odum (1988). The few fish species in-
habiting small feeder streams and forest pools
were, for the most part, small species capable of
rapid colonization of periodically disturbed hab-
itats. Viviparity and rapid maturation make poeci-
Ii ids particularly efficient colonizers. The cyprino-
dontid killifish, Rivulus isthmensis, may be the
most effective colonizing species at Tortuguero.
Rivulus exhibited continuous reproduction, small
clutches, and very rapid maturation, traits associ-
ated with a high intrinsic rate of population growth
and colonizing ability in fishes (Winemiller 1989).
These disturbances occur in the form of seasonal
dessication of ephemeral, forest pool habitats, and
short-lived but turbulent flash floods in the higher
gradient streams of the lomas. Generalist insecti-
vores and herbivores/detritivores predominate in
these small creek assemblages. The rainforest ca-
nopy is generally quite dense, blocking much of the
sunlight. As a consequence, a very large fraction of
the total energy consumed by fishes and aquatic
invertebrates is of terrestrial origin in these small
forest streams. Ants and other terrestrial insects
were a principal fish food resource in forest streams
and pools. Although competition among fishes for
limited space and food resources is probably im-
portant in these small oligotrophic systems, it is
probably intermittent due to periodic disturbances
followed by episodes of recolonization.

Downstream, aquatic environments become
larger and relatively more stable in terms of the
disruptive effects of increased discharge rates dur-
ing the rainy season. A large portion of the aquatic
vegetation mats in canos are swept out during the
periods of highest rainfall. Dense rafts of aquatic
plants, some as large as 50 m2, were commonly
observed floating down the estuary toward the sea
during summer wet seasons. These rafts transport
invertebrates and fishes, especially eleotrids, from
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tions to this general spatial segregation by small
fishes are seen in schooling midwater planktivores
(i.e., Melaniris, Anchoa, Anchoviella) and cryptic
and burrowing benthic fishes (e.g., Citharichthys,
Microdesmus). The lotic/lentic ecotone embodied
in the cafios seems to harbor high numbers of spe-
cies from adjacent creek and river habitats by pro-
viding excellent structural refugia for small fishes,
and stable deepwater habitat for large species such
as gar, Atractosteus tropicus, and tarpon snook,
Centropomus pectinatus. A blend of Schlosser's
(1987) conceptual framework for the role of preda-
tion, competition, and physical disturbance in tem-
perate zone stream fishes and Odum's (1988) gen-
eralizations about abiotic factors influencing coast-
al marsh communities appears to explain many of
the patterns produced by tropical fish assemblages
across the complex freshwater/marine ecotone at

Tortuguero.
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inland locations to the estuary. Although floods
certainly alter the structural features and primary
production base of rivers and canos (Winemiller
1990), their effects on these inland fish communi-
ties are probably small compared with headwaters.
In these low-gradient regions, flood waters tend to
be much more evenly distributed over both time
and space than floods of higher gradient streams.
Many of the smaller species of rivers and canos
moved into the flooded forest during the wet sea-
son. A number of these fishes exhibited a seasonal
burst of reproduction, leaving hundreds of off-
spring in the flooded forest where predators were
encountered at extremely low densities (e.g., As-
tyanax, Rhamdia, Poecilia, Cichlasoma nigrofas-
ciatum, Herotilapia multispinosa). To some extent,
seasonal reproduction by fishes influenced assem-
blage composition in lagoons as well. Large aggre-
gations of croakers, Micropogonias furnieri, with
ripe gonads were caught from the Laguna Tortu-
guero by villagers during the late November of
1985. A dense aggregation of juvenile croakers,
Pomadasys crocro, was encountered in Laguna
Tortuguero in June 1963 (Gilbert & Kelso 1971).
As noted previously, at least some of the seasonal
shifts in relative species' abundances in Table 3
were due to reproductive behavior. Several preda-
tory marine species appeared to enter freshwaters
primarily for reproduction. KOW collected tar-
pon, Tarpon atlanticus, and snook, Centropomus
undecimalis, with ripe gonads at the mouth of the
Laguna Tortuguero during irregular intervals
throughout the year. These species feed while in
the estuary and undoubtedly influence community
structure. In addition, the periodic arrival of the
tismiche (huge aggregations of postlarval shrimp
and larval fishes originating from the sea) into
coastal lagoons must have a major effect on com-
munity trophic interactions.

River and lagoon assemblages contained more
species of much greater average size and showing
greater levels of ecological and morphological spe-
cializations compared with headwater faunas.
Small fishes within these ecosystems are restricted
primarily to shallow littoral zone habitats, presum-
ably in response to predation on a proximate and
perhaps even a coevolutionary time scale. Excep-
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Appendix 1.

Sample sizes and trophic classifications for fishes collected from 16 sites in Tortuguero National Park, Costa Rica. Abundance data are
pooled samples from Gilbert & Kelso (1971) and Winemiller (1987 and unpublished). Sample sites are as follows: I-Ocean or beach, 2-
Mouth of Laguna Tortuguero, 3- Laguna Tortuguero, 4- Rio Tortuguero, 5-Caiio Benjamin, 6-Arm of Rio AguaFria, 7 - Rio Agua
Fria, 8- Creeks on west slope of Lomas, 9-Caiio Agua Fria Viejo, 10-Creeks on east slope of Lomas, ll-Forest pool near Caiio Agua
Fria Viejo, 12 - Quebrada, 13 - Caiio Servulo, 14 - Laguna Jalova, 15 - Caiio Negro, 16 - Caiio California and tributaries. Trophic
categories are: H - herbivore, I - invertebrate feeder, P - piscivore, 0 - omnivore.
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Appendix 1. (Continued).
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Family Sciaenidae
Bairdiella ronchus
Bairdiella sanctaeluciae
Cynoscion jamaicensis
Larimus breviceps
Menticirrhus americanus
Menticirrhus littoralis
Micropogonias furnieri
Ophioscion costaricensis
Ophioscion panamensis
Stellifer colonensis
Umbrina broussoneti
Family Cichlidae
Cichlasoma alfari
Cichlasoma centrarchus
Cichlasoma citrinellum
Cichlasoma dovii
Cichlasoma loisellei
Cichlasoma maculicauda
Cichlasoma managuense
Cichlasoma nicaraguense
Cichlasoma nigrofasciatum
Cichlasoma rostratum
Cichlasoma septemfasciatum
Cichlasoma tuba
Herotilapia multispinosa
Family Eleotridae
Dormitator maculatus
Eleotris amblyopsis
Eleotris pisonis
Gobiomorus dormitor
Guavina guavina
Leptophilypnus j1uviatilis
Family Gobiidae
A waous tajasica
Bathygobius soporator
Evorthodus lyricus
Gobionellus boleosoma
Gobionellus fasciatus
Gobionellus pseudofasciatus
Gobiosoma spes
Family Echeneidae
Echeneis naucrates
Family Dactyloscopidae
Dactylagnus peratikos
Family Microdesmidae
Microdesmus carri
Family Batrachoididae
Batrachoides gilberti
Batrachoides surinamensis
Porichthys pauciradiatus
Porichthys plectrodon
Family Tetraodontidae
Sphoeroides testudineus
Family Uranoscopidae
Astroscopus y-graecum
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