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Demersal fIsh assemblages along the Pacific coast of Costa Rica: a quantitative 
and multivariate assessment hased on the Victor Hensen Costa Rica 

Expedition (199311994) 
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Cenler for Tropical Marine Ecology (ZMT) Fnhrenheilslralk I. D-283�9 Bremen.Germany. 

(Ree. 31-Vll-1995. Rev. 2o-XII-I995. Acep. 22-IV-I996) 

AbslMlct: During IWO CTUisc leis with the RV Vietor Hen.o;en (December 1993. Ft:bn.oary 1994). lhe demc:rul fish 
assemblages of the Golfo de Nicoya (GN). Bahia Coronado· Sierpe Temaba (ST) and Golfo Duke (GO) areas were 
assessed from nearshore (-20 m) to �Jf edge (-200 ml waters. 44 Beam· and 29 Oller lnawl collections wen: made 
on an area of 2 119 405 m', yieldinl 11 tOlal of 242 species of fish. Drc:spite the lower number of samples taken. more 
species were oollccled by the Oller InIwl (189 compared to 160), due to a wider area swept. As revealed by the species· 
llI"ea curve and a lognormal· curve conSlnlcted from the pooled (log) abulldance data. the fish assemblage appeared 
lIS well sampled and a theoretical species richness (SR) of - 306 was estimated for the whole area. Mean species num­
ber per collection and mean biomass per area were much lower in the GD - area (9.3 species. O.36g 1m') rompared 10 
the ST (15.4, 0.81g 1m') and GN (17.3.0.74 glm' J areas. indicating a depauperate fish assemblage in the former. 
LowCI;t species numbers and biomass were found in the central deep pan of GO wilh increasing values towards the �ill 
area at the opening of the gulf and towards the shallow stations above the thermocline. Average biomass was an onkr 
of magnitude higher in the interior pan of GN compared 10 the other areas with values up 10 18.1 glm'. Based on 
resullS of a multivariate analysis of the: col1ection�. the GN area can be divided inlo (I) an interior shallow arr.:a above 
lhe thermocline (<SO m) c:haBcteri.ud by seianids. sea catrlShes. stingrays. flatfishes. sea robins. (2) an outer pat! 
(>100 m) dwa::\eri.ud by cods. seorpionfishes. gobies. eutla.�sfishe.�. sclTllllids. anglerfishes and flarflShes and (lJ a 
transition zone of the: cenlriLl and lateral patIS with a mixed species assemblage with eanangids. pufferfish. snappers. 
several flatfish species and the: liucdfish as common elements. Characteristic for the deep basin of GD were s.tn:lll 
Specles of the genera CYlloJcion and ponch/hYJ. 11Iese occumd in low densities. suggesting a reduced eanying 
capacity of this deep basin for fish biomass in terms of food and oxygen. Specles occurring at the shallOVo' stations of 
GO are al50 found at a similat depth in the ocher areas. but many species are missing. namely ariids and many seianids 
found in the GN 1l/"C1I. The species assemblage of the ST area resembles that of GN. Ariids. however. are miss;nl here 
too. Biotic Station paramelers like species richness. biomass. abundance and production were not significantly conelat­
ed with nbiotic parameters (temperature. oxygen. nutrients) suggesting that other habitat factors not evaluated in this 
study lik.e habitat helerogeneity, distarw:e to the open ocean. cumn! regime and food availabilily probably are impor­
tant factors for the stru<:lUre of the fish a.�scmblage. 
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The study reported here forms part of a 
research program between the Center for 
Tropical Marine Ecology (ZMT). Germany and 
the Center for Marine and Limnological studies 
(CIMAR). University of Costa Rica, Costa 
Rica. The program was initiated with the 
employment of the German RV Victor Hensen 
in Costa Rican shelf walers from December 
199310 February 1994 (Wolff & Vargas 1994). 

In the study areas Golfo de Nicoya. Bahia 
Coronado ·Sierpe Terraba and Golfo Dulce. 

(see Fig. I), beam trawl and otter trawl hauls 
were conducted from nearshore waters (about 
20 m) 10 the shelf edge (aboul 200 m) in order 
to sample the demersal· fish and macrofauna 
along Ihis depth gradient and to investigale (I) 
if there were areas with commercially impor­
tant concentrations of fish and inveTlebrale 
species, (2) if certain arcas/slalions could be 
characterized by assemblages of a particular set 
of species. (3) if and how the two gulf systems 
(Golfo de Nicoya and Golfo Dulce) and the 
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Fig. 1. Study areas with samplins sites (upper lefl: overview; upper "liM: Golfo de Nicoya; lower right: Golfo Duke; lower 
left Bahl. Coronado-S;erpe-Ttrraba), 

Bahfa Coronado - Sierpe-Terrnba eSluary differ 
in their species composition. abundance and 
biomass and how differences relate (0 
oceanographical conditions, water depths, coastal 
mangrove cover and season. As the Golfo de 
Nicoya area had been surveyed ten years before 
by the American RV Skimmer, our findings on 
fish assemblage struclure in this gulf could be 
compared with these data 1be other two areas, 

however, had not been surveyed previously 
and our results represent the first quantitalive 
assessment of the demersal fauna in these areas. 

MATERIAL AND METHODS 

Sampling: Beam trawls and otter trawls 
were employed to sample the smaller fish and 
macroinvertebrates as well as the bigger fish. 
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At the stations (Fig. I), 15 min beam trawl 
hauls (mesh size lem) were conducted at an 
average towing speed of 1.5 knots. The catch 
was separated into fish and invertebrates. and 
the total weight of all specimens of each 
species was registered (in some rare occasions 
subsamples had to be taken). The length fre­
quencies of lIle abundant species (> 100sample) 
were recorded. Most taxonomic identification 
of the fish species was done on board by Profs 
William Bussing and Myrna l6pez (CIMAR) 
based on a fish guide published by Bussing & 
L6pez (1993). A complete list is presented in 
Bussing and L6pez (1996). Unidentified 
species (the majority represented by inverte­
brates) wcre numbered for later identification 
and preserved in 4% fonnalin. 

On those sampling stations where coral 
pieces. tree trunks or stones appeared in the 
beam trawl. the otter trawl was not employed 
because of the danger of damage-otherwise lIle 
sampling stations of the beam trawl were repeat­
ed with the otter trawl (mesh size 2.5 cm). that 
was towed for 30 min at an average speed of 2.5 
knots. The catch was then analysed as described 
for the beam trawl. The beam trawl (opening 
width: 3 m) swept an area of approx. 2084 m!, 
while the otter trawl (opening width: 35 m. head 
rope:27.5 m; foot rope: 34 m) swept an area of 
approx. 81 025 ml per tow. During the first leg. 
the Oller trawl was heavily destroyed on a coral 
reef in the Golfo Dulce area (Sl. I, see Fig. I), 
but sampling was continued using an identical 
spare trawl. At another occasion (st. 51. Fig. I) 
the beam of the beam trawl broke and had to be 
repaired. The number of samples taken by the 
otlertrawl was lower during the second (II) than 
during the first leg (18). 

Data processing: For the data analysis the 
following steps were done: 

I. For each sample (station), a species list was 
elaborated containing biomass (8m·2). 
abundance (number) (Am·2), and a descrip­
tor (Pm-2) which combines biomass and 
number. This descriptor is given by P = 

(B/A) 0.73 • A (Warwick & Clarke 1993) 
and represents a measure for production. 

2. For an overview on the number of species 
caught in the whole study area and their 
respective contributions to the total abun-

dance and production. the species were 
ranked and a log-normal - plot was estab­
lished with the pooled data of both legs. 
from which the theoretical species richness 
(SR) was calculated. 

3. A species - area curve was established from 
the beam trawl and Oller trawl catches and 
from all samples combined by plotting the 
cumulative species number against the num­
ber of samples taken. 

4. The heterogeneity of the biomass distribu­
tion within the study area was shown by a 
histogram, in which the number of samples 
was ploned against their respective biomass 
values. 

5. To visualize the bathymetrical distribution 
of biomass. the samples were grouped into 
the following depth ranges (10-59 m. 60-
109 m. 11()..159 m, 160-209 m. 21()"259 m) 
to relate average biomass per station 10 
water depth. 

6. A station/species matrix was constructed for 
the beam trawl and oller trawl samples for 
both cruise legs separately and a similarity 
matrix using the Bray Curtis index was 
computed with the fourth-root transformed 
data by the use of the PRIMER software fol­
lowing Clarke & Warwick (1994). For this 
matrix the descriptor "P" (s. above) was 
used. Prior to the calculations. the original 
species matrix was reduced such that the 
remaining species accounted for about 95% 
of the sum of the total P -values, eliminating 
the very rare species and those having very 
low P -values. 

7. The group average linkage algorithm was 
used to construct station and species clusters 
from the similarity matrix. 

8. Species indicative for particular groups 
within the dendrograms were identified 
using the SIMPER (Similarity percentage) ­
routine of the PRIMER � package. 

9. A "station parameter table" was constructed 
for the abiotic data of all beam trawl and 
oller trawl samples taken during both legs. 
To do so. for each station. bollom tempera­
ture. oxygen. water depth, phosphate and 
nitrate were considered. 
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RESULTS AND DISCUSSION 10. A correlation matrix was calculated to find 
out if and how our biotic summary parame­
ters for each stalion (biomass, abundance, 
production, dominance) correlate with the 
above-mentioned abiotic sialion descriptors. 

Species richness, spatial and bathymetri­
cal distribution or biomass: Table 1 contains 
the lisl of all species collected during the study 

TABLE I 

Comple/I! list Qfsptcits collt!cttd during 1M enliSt! along with IMir ftSMctivt!jrt!qut!lIC)' of occurrenc#! based 
on Bussing and t..qHz ( J 996) 

_cia r . - r ....... r .�"" 
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Ad,;"." .... ':pl/''' .... e (, ''''' ........• IOI:-u",; 1 M"""I�"" dtJ",,,, 2 Rhwlclot"-''''lIr' ni/ell> 
,kltl"... 11""'_ & [)uj.\"<III. /""11'" I 101"""',,,.. _Nlipin"" 1 0 R,"p'inJ Inc"',,, 
Au",lu .... , .... t>l.,<1 2 Dw,otk>/r "",Iu.unr; 3 M�II,oiJ,. rk1llrl'w.< 2 R.·",in..J nillnpi""i, 
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" '1'. D 1 SpN",roirkJ ",,,.�I"'�' 
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A""i""p. , fllei",,,",,,....c,,,rn,,i 1 P"rn l khlhrJ ... ,.d""'ni 2 S'�IIij'" 1<'S" ..... "', 
&.irJlr/h. UnI,"'" , b('i",,,1I>fIUtJ ,mdli. � P<lmlrwrhu ..... d!tJnrrilli � S .... ci"'" ('/ 1,"'�irh' ,.<l1e 
&.Ij.,�. pril..-Irpi. , PiJlltlllriu CO,. .... "' .. "'i , Pu""rwrh�rIij rnlhbrtnl 3 S""('i�,,, Imij'",. .. 
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Cnmll","'i, "'."J1ic�I'" 2 K",hl'I""","" al'<""",,'us e I'ri""/>lu, alhim",i. 2 T'i"�"I<'.'J;",uc,,"-"I,' 
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Fig. 2. Species-area curves for lhe beamuawl·, ollertl1lwl­
and the combined coItections of boIh sampling dalel. 

with their respective frequencies of occurrence. 
Fig. 2 shows the species area curves construct­
ed from the beam trawl - and oUer trawl collec­
tions and for all collections pooled. The num­
ber of fish species collected (242) exceeds that 
reported by Bartels �t al. (1983), who found 
214 species during a 17 day and 3 night sam­
pling programme with the RV Skimmer in 
1979/1980. This difference can be explained 
through the wider area covered by our cruise 
(2 119 405 m1 compared to about 750 000 ml). 
the wider depth range (1()"261 m compared to 
8·60 m) but also through the different gears 
used. As seen in Fig. 2. more species (195) 
were collected by the ouer trawl than by the 
beam trawl (169). which was to be expected as 
the total area swept was about 25 times larger. 
The difference in cumulative species number 
between the two gears is not large. however. 
reflecting a higher species density of smaller 
fish that dominated the beam trawl catches. 
Fig. 3 shows the ranking of all species collect­
ed during both seasons according to the loga­
rithm of their abundance and production va­
lues and the normalized log-normal - plot 

derived from these data with the estimate of the 
theoretical species richness in the total area. 
The names of the most dominant species in 
rank order are also given. Jooging from the fit 
of the lognonnal - curve and the species-area 
curve discussed above. the demersal fish 
species assemblage can be regarded as well 
sampled. The theoretical estimate of total 
species richness (SR-306) for the whole area 
therefore seems reasonable. It must be empha­
sized. that this number concerns the demersal 
fish assemblage. as although some pelagic fish 
were caught during the lowering and lifting of 
the fishing gear. most fast swimming pelagics 
are missing in the catches. This was apparent in 
the GO area, where large shoals of medium -
sized tunalike fish were frequently seen in the 
surface waters. but not a single specimen was 
caught by the net. 

It is difficult to compare species richness 
between the study areas because of the different 
numbers of collections made in each. However. 
jf we calculate the mean species number per 
collection in each area from the data of table 4 
(GO, 9.3, ST, 15.4 and GN, 17.3), GO 'Poea<' 
as significantly poorer in species than the other 
two areas. As to be expected, the lowest 
species numbers were found in the centra] deep 
(and at least in part anoxic) part of GO. while 
numbers increased towards the sill area at the 
gulrs opening and towards the shallow sta­
tions above the thennocline. Highest numbers 
were found at the shelf edge outside the gulf. 
This pattern is not repeated in the other study 
areas. where both shallow stations and deep 
shelf edge stations had (at an average) compara­
tively higher species numbers (Table 2). 

The bathymetrical and spatial distribution of 
biomass (fable 2. Fig. 4) reveals a general con­
centration of fish biomass in two depth ranges: 
a shallower water (10 - 60 m). above or around 
the thennocline and a deep-water (160 -210 m) 
area around the shelf edge. with relatively little 
biomass found in between (60 -160 m). This is 
interesting as Bartels �taL (1984) found a gen­
eraJ decrease in fish biomass from the shallow 
upper gulf to the deeper StBtions in the center of 
the gulf. They. however. did nol sample the 
shelf edge stations considered in the present 
study. Apparently. the shelf edge region con­
tains a different faunal group (see also "descrip­
tion of faunal assemblages" further below) 
adapted to cool and little oxygenated waters. 
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TABLE) 

Correlotion ma"ix established/rom 1M I/O/iOti f'Uramtlul of Table 2 

Correlation m.trix 

waterdepth 
temper.t.. 
O"YIIM 
speciesri ... 
biornns 
abundance 
pro6.Jction 
domInaoce 

1 

-,72 
-.732 
-,034 

-,' 51 

.139 

-.018 

,DIS 

1 

,872 
,01 

,293 

-,125 

,192 

-.205 

-" 

1 

.231 1 
.225 ,367 
,,191 ,113 

,11 ,388 

,,149 -,42 

Biomass is very hClcrogeneously distributed 
in the study area. with mOSI samples comprised 
of low values (0.5 -1.5 glm1). The general bio­
mass distribution among the 73 samples laken 
underlines the above-mentioned pattern of 
species richness: average Slation biomass of 

GO was less than hair (0.36g Iml) of what was 
found in the GN and ST areas (1.5 and 0.81 
g/ml respectively). The biomass (and species 
richness) values of Slat ions 43 and 45 of the 
interior part of GN are an order of magnitude 
higher. however, (18.1 and I \.5 glm: respec­
tively) indicative for a much richer fish assem­
blage in Ihis shallow nutrient loaded more 
estuarine part of the gulf. which confinns the 
findings of Bartels et al. (1984). Species 
characteristic for estuarine environments. like 
ariids. scianids, stingrays, several flatfishes as 
well as small engraulids contribute to the fish 
diversity and biomass at these stations. 

Our biomass/area estimates are rather low 
when compared with the literature for other 
tropical shelf areas: Browder (1993) reported 
about 4.3g1ml as an average for the demersal 
fish biomass of the shelf of the Gulf of Mexico. 
For the Southwestern gulf of Mexico Arreguin­
Sanchez et al. (1993) reported values of about 
7.6 glml. while Mendoza et al. (1993) give val­
ues of about 3 glml for the Northeastern shelf 
of Venezuela excluding carangids. DePaula et 
al. (1993) report values around 8 glml for the 
Mozambique coast. These are higher than our 
averages but in the order of magnitude of our 
values for the interior and central part ofGN. 

The cOfTelation matrix established from the 
biotic and abiotic summary parameters of all 73 

I vnin"n". 

1 

,215 1 

,898 ,465 1 

-,16 ,283 -,167 1 

stations is given in Table 3. It shows that bio­
mass, abundance, production, species richness 
and dominance is not strongly correlated with 
any one of the abiotic variables measured. 
which has also been found by Rojas el al. 
(1994) who studied fish assemblages at three 
shallow water stations adjacent to mangrove 
areas within the GN. This indicates that other 
habitat factors not evaluated in this study like 
habitat heterogeneity, distance to the open 
ocean. current regime and food availability are 
likely important factors for the structure of the 
fish assemblage. 

Description o( (auDal assemblages: 
Contrary to Bartels et al. (1983) who first sub­
divided their study area (GO) by clustering the 
abiotic faCiOrs and then related species occur­
rence with environmental parameters. we start­
ed the procedure by "letting the species tell 
their story" first (Clarke & Warwick 1994), in 
order to find areas of common faunal struc­
tures. By doing so we did not stan with the pre­
conception Ihat our environmental variables 
measured detennine the faunal structure. 

Figs. 5 a. b and 6 a. b show the station den­
drograms and MDS-plots derived from the 
beam trawl and otter trawl catches in December 
1993 and February 1994 based on the data of 
Table 4, which gives the reduced (95%) station 
- species matrix from the beam trawl and oller 
trawl collections used for the multivariate 
analysis. By using the SIMPER algorithm of 
the PRIMER software. the species accounting 
for the groupings within the dendrograms were 
detennined and are included in the figures. In 
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sable for groups are gi�en in the Iowet right of the figun:). 
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OttcrTllwl February 1994 

Production 93 % 64 Soeci.cl 
II/gin 12 M 2:lIn31 
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AriudoYii 0 0 0 0 
Ariu.�la n 0.00 1 5  0 0 0 0262 
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all cases the MOS-plots match the cluster den­
drograms well as seen by the coincidence of 
the group numbers between the clusters and 
MOS- plots. The following general pattern 
emerges: 

(I) Groups are formed by stations of a cer­
tain depth range and! or geographical location. 
Thus in the December beam trawl cluster and 
MDS plot for example, the stations of the inte­
rior and central pan of GN (group l), those of 
the outer lateral pan of GN (group V) and the 
shallow stations of GO and ST (group VIII) 
are grouped together. A similar pattern is 
rcpeated in the other cluster. 

(2) The deepest station 54 (228 m) at the 
outcr slope of GN is separated from other sta­
tions in December, both in the Oller trawl and 
beam trawl catches. 

(3) Aatfish species (generally small sized) 
are the main components i n  the beam trawl 
catches and important for the similarity within 
station groups whereas in the Olter trawl catch­
es, round fish and rays are more important. 
Sharks and some pelagic fish like Anehoa sp., 
Selene spp. almost exclusively occur in the 
olter trawl catches; 

(4) More species account for the similarity 
within groups in the otter trawl catches, renect­
ing a general higher species richness in the 
olter trawl catches. This is con finned by the 
comparison of the species area curves of the 
beam trawl and otter trawl collections (Fig,2). 

By observing the species cluster (Fig. 7a,b 
and 8a,b) it is seen that some species occurred 
only on a few. others on many stations. In the 
otter trawl catches the following were only 
found on the central and interior stations of 
Golfo de Nicoya (45,01,06,30) and might thus 
well characterize this area: Cyclopseua quer­
na, Aehiurus mazallana, Prionolus sp., 
Prionolus horuns, Arius IrOJchelfi, Arius 
dovii, Poralonchurus dumerillii. Polydaelylus 
approximans, Trinecli!s sp., Diaplerus peru· 
vianus, Cynoscion phoxocephalus, Anisotremus 
dovi;, Rhinobates leucorhynchus. Other 
species were common on these stations, but 
also occurred in other areas, like Selene peru­
viana and Aehiurus scutum (H), Gymnothorax 
equalorialis (53), Peprilus snyderi (52,54,M) 
or Dasyatis longus (M,H), R). The following 
species occurred only on the deeper stations 
during both seasons: Mustelus lunatus 
(1.52.53,M), Hemanthias peruanus (52,53). 

Hemanthias signif�r (52.54, 12). Dipleclrum 
eurypleetrum (52,53), Umbrina bussingii 
(52,53,54,M,12). Some predominated at the 
deeper stations but also occurred further 
inshore like Trichiurus nilens (54,53.S2.M,I, 
06,30), Pontinu$ sierra (54,52.12,I,M, 3 1 ). 
Bollmania sligmantura (53,53,1. 06, 1.12,31). 
S)'f1odus evermani (53.52.M.31). 

In addition to the species mentioned above. 
there were many that occurred during one of 
both sampling dates only. Among those are 
several shoaling carangid species caught on 
station 31 (Bahfa BaHena) during February: 
Caranx vinctus, Selene brevortii. Selene oerste­
di;, Caranx otrynter, Caranx speciosus. The 
latter was also found at this Slat ion during 
December, while C. vinctus and S. oerstedi; 
(H,35.S) were also found in the Golfo Dulce 
area during December. Cynoscion nannus, a 
small scianid was the only species occurring 
exclusively in the otter trawl catches of the GO 
* area in both seasons O,L,M,B.C). Sphoeroides 
lobalus (1) and S. anulatus (H,J,K) were 
restricted to the GO catches in the rainy season, 
as were Caranx vinctus (H,I,12),  
Chlorophthalmus mentis (1,12), NeobYlhes stel­
l;feroides (12), Himantura pacifica (H) and 
Diplectrum labarum (K,H). Epinephelus 
niphobles only ocurred on station M during the 
dry season. 

The following species were those most fre­
quently captured by the ottertrawl (both sea­
sons): Synodus evermannilscituliceps ( 1 0), 
Dasyatis longus (8), Bollmannia sligmatura 
(8). Lurjanus gutralus (8). Trichiurus nitens (8), 
Selene peruviana (7) and Ra)'a "'elez; (7). 

The general paltern of species groups of the 
ottertrawl cluster are repeated in the beam trawl 
catches, although many species differ. The fol­
lowing were found on the stations of the central 
and interior parts ofGN on both sampling dates 
(some of those were also found in the other 
study areas): natfish: Aehiurus klunz.ingeri 
(31), Syacium latifrons (31,C, 51 ,  53, F, H, N). 
C)'clopsetta quernD (30,35,P). Symphunu elon­
galus (30, 35, 01. P, Q, 06, 43). Syacium ovale 
(06,35.F,50,P), Etropus crassotus (35). 
Symphurus chabaudi (30,35,01.45,43); round 
fish: Synodus scitulieeps (35,P,D,F,E, 
R06,OI ,50). Sphoeroides lobalus (30, E, Q. H, 
06,01,50,P), Porichthys green; (01, 45, 30, 35, 
G,52, 06.50.P). During December, the follow­
ing additional species were caught at these sta-
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r---- Syacium laOi'm ... (01.51.53) 
_________________________ ,---l. Achirul tJurmnceri (31) 
� Diplobatil ommaoo (31) 

Mooolene $p. (ll) 
, ________________________ -===: SYmphUNS Icci IJ I .P2) 

Camaroncs (D) 
Camaron liere «i) 
Camaron rojo (G) 
Galatheidae (G) 
(lphisoma prorigerum (G) 
Neobilh)'l stdUfcnIides (G) 
Pontious sierra (O.N) 
Sy>llIhurus calloplm,Is (G.54) 
Decodon melasma ?7 (N) 
Lonsjmanus fascillllus ?7 (N) 
Menlhicinus panamensis (N) 
Ponlinul fusari_ (N) 
�UIi muitifascilllis (N) 
Physiculul "" .... IOp\I. (F,P2) 
� eos(N.3I) 
Oli!ocoager labiarus (H.G) 
SyrnphufUI oIigomen.l tN.G) 

I r--C= LophiodesClulin.is (N,Gl 
MonoIe"" macuJipinna IN,G,O) 

_____ -':=== Synodus eYel'1TWlni (N.O'p,Q.51) 
I'" PoridllhYI marpitatus ( ..... B.C.P,Q,s3.S1,G) 

I----------
L

---
f��� 

OiplobaJes 0ItIIIlIU (C.Fl 
eam.o..e. &p. II (0 
PriOftOlWl �anophrys (e) 

r---- Syrnphurus atramentalUs (A,B.C,F) 
GylTlJlOlhoru lip. (f) 

L_-{== Qtharidltbys gilbeni (F,O,P) 
Prionows a1birostri$ (F,P) 
So;orpaen. russull <D,F,S 1..s4.P.Q) 
Synodu. sciwli<qll ro.E.F.JS,Pj 
Bollmanni. chlamydc:$ (D.E.S4.N.O) 
Cye1opse111. panameMis (0,[.30) 
Dip�m macropoma (P.Qj 
Sphoeroideo Iot.tua (E.JO,Q) 
Achinls nawlanllS (D.f..jS.Q) 
Otharidtthys giDxm (0.E.01.Q) 

L ___ Spboeroides annulallls (D.E.QJ 
SylK:ldlill sedlUflIe (0.0) r ________ -{====���C)'clopae!Ul qucma (lO.JS,P) 
Symph\W\l$ donplUl (01 ,3(l,)S,P ,Q) 
SYlOCium ovale (F.06.JS) 
PomadaslYS nitidus (01,35) 

BRAY-CURns SIMlLARfIY (RANKED) 

Ettopw CfOUOOU (3S) 
Diplecuum auyplectrum (35) 
CitharichlhYI gilberti (3S) 

, ____ Symphunu mclananas (3.1) 
Symphorus ehabaunadi (OI.30.3S.4S) r---� Mcnlhicinus naslll (OI.4S) 
Ophioscoa typicus (0I,4S) 
Narclne brui1ieMi. (01) 
ParaIondlllNl wmcrilli (01) 
Urotrygon chilenU. (01) L _____ 

-I=== Poridllh)'S &reeni (G.01.30.3S.4S) 
UrotrylO'l mundu. (4S) 

Fig. 7. Species dendrograms for !he beamlrawt (this page 59 spcdes) and ottcrtl1l.w\ (I'Ie1:t page 79 species) collections during 
Deccrnbc:l" (stalions of species occurn:nce ate given in parenthesis). 
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BRAY -CURTIS SIMILARITY (RANKED) 

r-; 
Arothron ilpiculul (JI,3S,R) EuciIlOlUlmUI �I (H,1.31.3S) OiaplCnll pmlvianus (4S.3.5.30) 
Hlemulopais lnocisaal (35) 
�llOnMUl (3�) 
Oiaplmll .ureoll (35) 
Cynoscion reticull1'1J OS) J, MuUoide:l dcllWlal (3S) PomadaIl' !e\w;iK\lS (0) 
C.a/IlI Vlnctus (H. I.12) 
Himanwra patifka (H) 
CIIWI,oidtf; ouynter (H,I.S) 
Selene ocn�i (H.35,S) 
Pqwil .... snyderi (52..54.06.4'j 
Boll ......... MiInww. (I.12. U16) .-! EuciDO&lon-. aureolUf (06) ,--( , �Iul medilll (06) 
Cycl�ta '1uema (06.35.3O,S) 
Selene peruv,an. (H,06,45,35,3O) 
Synodul lcilulic:cps (K.S2.SJ,OIS.3'.30S) 
A nchoo. lllddl{O.30) 

re: � , 

Lutjlnul JUIIIl\II (3I,06.45.30.RS) 
CynooontlCep:I � (30) 
Cyna.cion .tolllNnm (301 
Opistopherul dovi; (45.30 
TricbiU1\lI nitens (I.M,52,53.54.06.3O) 
Mcnd!;cirrus panamensil (01) 
C)'IIOIciOll lJbus (4'.01) PrionocuI hormu (45.01.30) 
T,..hino!ul paitenlis {31.01.35,30 
Polydactylu. Ippro1imans (4'.01.35.30) 

�ilNI allipinnil (06,45,0 I .30) MUI troscheni (45.01) 
�! 

Rhi""'*<:s lcuoootIynchul (45.01) 
Aochoa Ip. (06.45,01')5) 
o.yatil ionlYi (1.4'.01) 
Paralonchrul dumcri!1i (45.01) 
Ariul do"i; (4'.01) ';=: Achi"", k'ulUm (H.4S) 
Menth.icirrus AUul (0) F : Ariul dasytthalul (4') 
liu. fllJ1hii (0) 

CctengrauUI mYllicctul (4S) 
Animostmnu. padtid (45) 
Opi5lopbenil rquatorialil (45) C)tDOSdon 1Iho1""""PhlJu1 (4') 
PomadaIyskuc:iK\lI (45) Trinec\CI fonM'ttn.i. (45) 
Calamul brachYllOmis (ll) 
C ....... lpeciotu( 813) 
EucinostO<ro.lI JIlICiUl (K.L.3J) 
Gymnodxn.o. equ.loriaJi, 131,j4) 
OphichthidK (L.UJ 

,-c=! 
LE i 

�ojium prorates (31.06.3O.U) 
Poriehthys rrwrpritatUS (H.3U2.U) 
Cynase,on nannUI (I.12,L.M) 
Oiple<:uum l<>barum (K.M,S) 
Oiplecuum Ctiryplectnam ( I 2,54.45) "'Ientina _[;ee. (1,12.) I ,52) 
Monolene mec:ulipinna (1.12) 
Phys;o;ul�J nemallOplCI'U1 (1.12.31) 
POlllinul liemo (I.12,M,31 ) 
OolorophthalmllJ mento (I, [2) Neobidl)1el stelliferoide:l (11) 
�eos{].12.M.JI .53) 
Mundul Iu .... latul (12,I,S2.5J) 
Oiodon hlilrio (lJ) '4=l poeroideJ ann"latus (H).K) 

poeroideJ Iobatus (J) 
R_ji. ...,leli (52.53.S) Oiharichthys pillophry. (52.53) 
Diplecuum eumdum (52.53) 
Hil'P"llo&aina 1Cll'lllo!)/nhalmul (S2.53,31) 
Caulolatllu • •  ffini, (32,S) 

rC ! 
� ! - (Ci 'I=! 

lemanthi u peruanul (52,S3} Pomadasp bnlnklU; (52.53) HemaaIhW Ii,";f .... (S2,12) 
Lo�,o .... (S2, 
Umbrina buu,n,,; (52,M) 

Fig. 7 (continued) 
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SRA Y -CURTIS SIMIUr.RITY (RANKED) 

Cvnoscioo IWUIIIS <il's) 
Myridnhyl lJ). (01) 

[, 
Diap4Cnll aureolus (01) 
PoIydaaylus appn;IKi ........ (01) AchiN.J ICV(UIIl (H.45) 
Cyck>PlClJ.l � (H) 
S1ellikr illeoetJrosvs (01.43) r-' .... rill$ '*""'" (0) 

-

HiruanlUno plcifica (43) 
AliIlS "p. b ("3) 
Alius ",.a(") Ddoc:rops 1)n (43) HaemJIon K1Ideri {OJ Haemu.�JCUI (43) 
{lphio$coa ..:icn (43) 
.... ni�dcMi (43) Sc\deapI �ni (0) 
SIellifer 'P. ("3,.5) �. CynoscioII phoxoa:phalus (43.<'5.01) 
Ariul keultri (43,4j) 

'""= 

= -;= C:: 

Symphurvs �nadi (4),45,01) Sc:o:!rpKaa russula (51.c16.3S.sl) 
Poriduhyl green; (8.D.G,06.45.0I.3O) Prionot\l$ hto'mIs (06.01.43) 
Raja cquKOriaii. (06) 
Symphwvs elonlalUS (06,43) 
S� atIINWu. (35.0) Euopu. aouonrs (35) 
Euopus $p. (3S) 
Symp/IunQ: PlDDaO: (G • .s4.01.3,S.N.O) 
OiplecO'um I'tIICI'OpOfID (D.E.GI .P) Euc:iIlOSlOfl'NI ItJC:IHCUI (OJ 
Gyrnno(hon..>: equaloriali. (D,06.P) 
BoIlmannia c:hlamydes (D,GS2S4.06.30JO.PJ 
PorichthYI ITlal'JrilaQo. (S2.06.3S.30.SO,P) 
Sy.:ium 0'" (06.3S,SO,PJ .-I ,........... , --L-

Y F: 
S)'DOdIts icilll liceps (D.H.06.01.35.30,P) Spboeroides JClbanu (H.06.0I.SO.D) 
Cr:1opsnta quemI (35.P) 
OiplectnJm $p. (PI 
Syacium sp. (1l.5LP) I...- Synodus � ()I.P) 
Achirus kJunziteri (31) 
Syacium 181ifrom (F.H.31.jI.N) 
Hippo&Jossin.a tcUaOpht/'L:Ill1'lld (5 I ) 
Pw:ri"ias �f(51) .-I� l- , Synchiropus aaibbiarus (0.H.51.$).54.so.0) 
BoltllWlia W,maNno (N.O) 
BcIIll«�I(51.$2.0) E 

� 

rq' 

Erll)'Ophrys WlCtilaumltii (S 1.0) 
Synodll5 �ni (D.$I.06.50.0.P) 
Citharidlth)1' plJllop"ys (52.06.01) KathelOSlOtnl ._� (G.$2) 
Rhynchocon,.:r ni�", (O.S4.P) S)'1"9hurus eallopmis (G.$2.S3.$4.so.N.0) l.optIiocb sPrulus (G54) 
0pItic:hlh)1' $po (G.5<4) 
OphiSlOll1lo proricerum (0.5<4) 
Symphurw Ieci (G.}'.C.P) NeOOinhes scelifcroides (G.S4) 
Ponti ..... sima (G.31.$I.S3.5<4) f'ronotograrnrn COl (G.S2.N.O) 
M""'*r.o mICU�pi_ (G.$2.N.0) 
Phyliculu:s r.o�rus (G.52.53.S4.N.0) 
MorIOlene ISIed&i (G.N) 
Symp.urus �JOI1'CfW (OJ 1.$2.53.06.43.50) 
An�nnari ... ...aloncs (S2.S3.N) 
Hemanthias lipftt (31.50.N.0) CIl\oroplllhalmus meno (N) 
I'b)'$kvlus rtilrClJirer (N) Pit., 1onV� (N) Pominus i'urc1nhinul (N) 
Gyrnnodloru sp. (G.5I.N.O) 
ZalieuleS dater (31.5 1.52.S3.N.0) 

Fig. 8. Species dcl'ldrogTlm5 for the Ix:anllrawl (lhis page 68 species) and oneflrawl (next page 64 'PCcies) coIleaions during 
February (stalions of species occurrence are given in parenthesis). 
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BRA Y -CURTIS SIMILARITY (RANKED) 

EJlincephalul niphobln (M) 
MU!.Ielul lunulltul (M,,3) 
Oymnothoru equMori.lil (0ti..53) 
Syacium lltifrotu (06.31) 
Syacium ovUe (0ti.31) 
Cyclopsoetta qema (06.0'5) 

I'orichd!y. 1I1Ift,Ii- (06"2) 
Diplectrum 111I1Ct'OpOO'". (Oti) 
I'rionoIuI $p. (06) 
Selene pmMlIII (06.0'5) 
S)'IlOIM KilUlicepi (06J I) 
BoIlmani. w,1l'IIIIIt1 (06.5UJ) 
HemanthW perIIlnUi ClUJ) 
Pqlrilusonyderi. (0ti>l.52,M) 

lophiodet CllUIi_ (06)1,53,52,12) 
Pmstedion barbiler (54,53.52,12) 
R�. �Le:zi (0ti..53,M,I) 
Oiplecuum euryplecaum (S4,53) 
PnlkhthYi woolnwti (52,H) 
PrionoQll llbiroilril {.S31 
Cilharidllhys pbIophrrp (0ti,,2.531 

Synodw: evemannii (5l.53J I,M) 
MUI p1MYJIOIOII (54JI,M1 
Hanandlias lipifer (54.52) 
Ponti_ siena (54.52.12) 
Trio;hiunu lliteat (54) 
Umbrina buuiJii (54,53.11) 
Adtirul mautLanw ("5,31) 
"-IlondIuntl dumerilU ("5) 
Neophi.thopcerul tropitol ("') 
A�hint'lC1Irum ("') 
Polydactylul 1ppl'01imani ("5) 
Stt:lIifer illebrosul ("5) 
Trineclel lJl. (45) 
MUI trosdoelti ("') 
DilIpIeruI pentvianw ("5) 
CynoIciOlt phou)(qlhaltll (45) 
Mus dovii I"') 
UfOtrnon ...... ("5) 
Pomadasyl brani�kii (H) 
c.an.. OU)'nter{H,31) 
N.mne tnsiliensil (H,3I,M) 

Cllaru speciO&uI (H,JI) 
Lu�"'UI IUUI\IlIa (H,31) 
SpoeroIdeJ lobatUI (H,31) 
DasyMi1 loniuS I"S.31.M.H) 
PrionoflII � (",,31) 
AnimoctraJa/l dovii (45.31) 
RhinobMtls \eucortIync:hw (31) 
Caianul bndIiJOmiI (31) 
Aro::yclopsoetta dmdoilica (31) 
c...tl vincIUI (31) 

CyI'lOlcion ,!bus (31) 
Hoplopagurus IUotberi (31) 
EuciIlOiIlO ...... crxilil (31) 
Oems einernq () l) 
Lutjanw M'gentriventil (31) 
LutjIDW peru (31) 
Selene tnvO<tii (3]) 
Selene oentedii (3l) 
Cyclopoewo panamellli. (31 .M.H) 
Albull nemartOplerl (31,H) 
SphoeroideJ annulMus OI.H) 

"""" ........ 
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lions: Dip/aba/is ommato (31). MOllo/ene sp. 
(31), Symphurus lei (3I,P). Promntogrammos 
eos (31 ,N). Achiurus mazatlanus (35.E,D,Q), 
Citharychthys gilberti ( 0 1 ,  D. E, Q), 
Pomadnsys nilidus (35,01). Diplectrum eury­
plectrum (35). Symphurus melanudus (35), 
Menticirrhus nasus, Ophioscion rypicus 
(10,45). Narcine brasiliensis, Paralonchurus 
dumerillii, UTotTygon chilensis (01)  and 
Urotrygon mundus (45). The shallow water sta­
lion 43 ( 1 0  m) was only sampled during 
February and provided three new ariid species 
and severa] further species only found here. 

Few species were restricted 10 deep water 
stations in both seasons: Ophisoma pang ina 
(G,54), Neobythites srelliferoides (G.54), 
Pontinus fusarius (N). Pronotogrammu.s multi­
fasciatis (N.G.52.0). The genera Porichthys. 
Symphuru5. Synodus, Bollmania and Syacium 
contributed with several species to the catches 
on several stations during both seasons. 

An in detail comparison of our collections 
with those of Bartels et al. ( 1984). Leon 
(1973), Phillips (1983) or Rojas et 01. (1994) is 
difficult as most sampling stations. timc of the 
collections as well as sampling gears used were 
different. In addition. they did not give biomass 
per swept area estimates for direct comparison 
with our data. The latter three authors concen· 
traled their sampling to the shallow upper 
region of ON. while the first also included the 
central pan of the gulf. but their sampling did 
nOI exceed 60 m water depth. Consequently. 
many of the deeper water species found in this 
study. namely those mentioned in the above 
paragraph (and others). were absent in their 
collections. In addition. our large otter trawl 
had a highcr capturability for larger sized fish 
which resulted in comparativcly higher propor· 
lions in the catches of rays. sharks. large con· 
grids and carangids. However, the general find· 
ings of the above authors regarding the domi· 
nant groups of the upper GN (sciaenids. sea 
ctafishes and natfishes) and the lower GN 
(flounders. gobies. morays and congers among 
others) are confinned by the present study. In 
addition. the subdivision of Bartels et al. 
(1983) of the ON based on abiotic factors (dis­
solved oxygen, temperature. salinity. depth. 
distance to the ocean), coincides quite well 
with our subdivision based on the stations simi­
larity based on the slation - species matrix. All 
species that were shared between the first twen-

ty (in tenns of percentage of occurrence) of the 
three cruises reported by Banels et al. (1983). 
were also among the first 20 (in tenns of pro­
duction) in our beamtrawl andlor ottertrawl 
catches. These were: Synodus scituliceps. 
Prionotus horrens, Ponchthys sp .• Cyclopserra 
querna, Syacium ovale, Diplectrum pacijicum, 
Sphoeroides Jurthii, Symphurus sp., 
BolltTWnnia chlamydes. 

Although some species only occured in the 
December and February samples and others 
more frequently at one sampling date. the sta· 
tion groupings derived fonn the station species 
·matrix were similar in both seasons. This con· 
finns the statement of Bartels et af. (1983). that 
the position of the "assemblage zones" (station 
groups in the present study) did not change sig· 
nificantly between seasons indicating stable 
estuarine configurations from a biological per­
spective. 
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RESUMEN 

Durante un crucero con el BC Victor 
Hensen en diciembre 1993 y fcbrero 1994 la 
comunidad de peces demersales fue evaluada 
en las areas de Golfo de Nicoya (ON). 8aMa 
Coronado · Sierpe-Terraba (ST) y Golfo Dulce 
(GO) a 10 largo de transectos desde aguas 
somcras (20 m) hasta aguas del bor�e de la 
platafonna (200 m). Se tom6 44 muestras con 
una draga y 29 muestras con una red de arrastre 
de un area total de 2 1 19 405 ml, recolectando 
un lotal de 242 especies de peces. Aunque el 
numero de muestras fue menor para la red de 
arrastre, se recolect6 mas especies (195 com­
parado con 169 de la draga). Las curvas de 



V. HENSEN: Expeditioo to Costa RiCi 213 

especies vs. tirea muestreada y logarilmica-nor­
mal indican que la comunidad de peces fue 
mueslreada y se calcul6 la riqueza especffica 
le6rica (SR) para eI �rea lOla I (306). Los 
promcdios del numero de especics y biomasa 
por mueslra fueron muy inferiores para el GO 
(9.3 especies. 0.36 glml) al los de ST (15.4. 
O.S1) y GN (17.3. 0.74), indicando una comu­
nidad de peces demersales muy empobrecida 
en el area de GO. Los val ores mas bajos del 
numero de especies como tambien de la bio­
masa fueron los de la parte cenlral profunda 
(200 m) del GO. incrementando hacia el �rea 
de la entrada ("sill area") y hacia las estaciones 
someras sobre la lermoclina. La biomasa 
promedio fue un orden de magnilud superior en 
la parte interior del GN comparado con las 
olras areas con valores muimos de IS . lglml. 
Con base en los resultados del an41isis multi­
variado de las colccciones. se puede dividir eI 
GN en las siguientes zonas: ( I )  una zona 
somera inlerior « 50 m) caracterizada por 
escilinidos, bagres, rayas l:ttigo, lenguados. 
cabros. (2) una zona exterior (>100 m) carac­
terizada por moras, lapones, gobios. cinlas, 
cabriIlas. bocones y lenguados y una zona de 
transici6n de las partes centrales y laterales del 
golfo con una comunidad mezcJada de peces 
con car:tngidos. chayotes, pargos. algunos 
lenguados y garrobos como elementos 
comunes. Muy caracterfslico para la parte pro­
funda del GO son las especies peque�as de 
Cynoscion y Porichrhys, de los cuales el 
primero solo apareci6 aquf. Estas especies 
aparecieron en densidades muy bajas. indican­
do una capacidad de carga muy reducida de 
esta zona para biomasa de peces en cuanto al 
alimento y oxfgeno. Muchas especies carac­
terfsticas de esta profundidad para Olras areas 
estuvieron ausentes aquf. Las especies que 
aparccieron en las estaciones someras del GO 
tambien se encontraron en las otras ueas, pero 
fahan muchas especies. como los bagres y 
muchas de las corvinas del lirea de GN. La 
comunidad de especies en el lirea de ST se 
asemeja la del GN. pem los bagres lam bien 
faltan. Descriptores bi6ticos para las esta­
dones tales como biomasa, abundancia, pro­
ducci6n y dominancia no se correlacionaron 
en forma significativa con faclores abi6ticos 
(temperatura, oxfgeno, profundidad) indican­
do que otms factores del habitat. que no medi­
dos, tales como heterogeneidad ambiental, 

distancia al oceano abierto. corrientes y 
disponibilidad de alimento pueden ser de 
gran importancia para la estructuraci6n de las 
comunidades de pcces. 
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