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ABSTRACT: The Gulf of Nicoya is a tectonic estuary on the Pacific coast of Costa Rica (10~176 
extending about 100 km from the Tempisque river to the 500 m isobath. A dry season (December- 
April) and a rainy season (May-November) exert a significant impact on its water characteristics. 
The estuary is the most important fishing ground of Costa Rica, and the main Pacific ports are located 
within it. Coastal zone development has increased in recent years. In 1979 a research programme to 
study the Gulf was established at the University of Costa Rica, and foreign scientists were invited to 
work jointly with local experts to achieve the goals of the evaluation. More than 80 papers have been 
published to date, making the Gulf one of the best known tropical estuaries. The study of soft-bottom 
communities is an important component of this research programme. Past benthic research focused 
on the description of the structure of communities, while future efforts will find an unexplored field 
in the study of energy flow and commuriity interactions. More than 200 species of fish, and 400 of 
benthic invertebrates have been identified. Future cooperative research is most welcome in larval 
ecology, interactions be tween size groups, and physiological tolerances. Considerable experience 
has been accumulated in the experimental manipulation of soft-bottom communities of high 
latitudes. This branch of ecology however, remains little explored in the tropics. Future cooperative 
efforts in the Gulf of Nicoya will be established on solid ground, formed by a data base that has been 
improved since 1979, the existence of a marine research centre and a group of active, local scientists 
who have experience in working together with foreign expertise. 

I N T R O D U C T I O N  

Ecologica l  d a t a  on  t rop ica l  e s tua r i e s  a re  s ca rce  a n d  f r a g m e n t a r y .  This  i n f o r m a t i o n  is 

e s sen t i a l  for t he  c o n s e r v a t i o n  a n d  m a n a g e m e n t  of s h a l l o w  t ropica l  m a r i n e  e c o s y s t e m s  

(Ha tche r  et  aL, 1989). O n e  excep t ion ,  h o w e v e r ,  is t he  l i te ra ture  ava i lab le  on  the  Gulf  of 

Nicoya,  an e s t u a r y  loca t ed  at 1 0 ~ 1 7 6  on  t h e  Pacific coas t  of Cos ta  Rica Cen t r a l  

A m e r i c a  (Fig. 1). T h e  Gulf  is t h e  m a i n  f i sh ing  g r o u n d  (finfish, p e n a e i d  shr imp,  shel l f ish)  of 

the  country .  In add i t ion ,  coas ta l  z o n e  d e v e l o p m e n t  (ports, h o u s i n g  c o m p l e x e s ,  tourism} 

has  i n c r e a s e d  dras t i ca l ly  over  the  pas t  t e n  years .  T h e  conf l ic t ing  n a t u r e  of t h e s e  exploi ts ,  

t o g e t h e r  w i t h  the  l ack  of ecologica l  i n fo rma t ion  to a id  in pol icy mak ing ,  p r o m p t e d  the  

Unive r s i ty  of C o s t a  P ica  to c rea te ,  in  1979, t he  C e n t r e  for R e s e a r c h  in M a r i n e  S c i e n c e  a n d  

L imno logy  /CIMAR).  A r e s e a r c h  p r o g r a m m e  to c o n d u c t  a l o n g - t e r m  mul t id i sc ip l ina ry  

e v a l u a t i o n  of t h e  Gulf  w a s  also e s t a b l i s h e d  in  t he  s a m e  year ,  a n d  fo re ign  sc ien t i s t s  w e r e  

i nv i t ed  to w o r k  joint ly w i t h  local  e x p e r t s  to a c h i e v e  the  goa ls  of t he  eva lua t ion .  M o r e  t h a n  

80 p a p e r s  h a v e  b e e n  p u b l i s h e d  to da te .  m a k i n g  t h e  Gulf  one  of t he  b e t t e r  k nown  t ropica l  

e s tua r i e s  w o r l d w i d e .  C o o p e r a t i v e  r e s e a r c h  w i t h  fo re ign  r e s e a r c h  l abo ra to r i e s  p l ayed ,  

�9 Biologische Anstalt Helqoland, Hamburg 
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Fig. 1 Gulf of Nicoya estuary, Pacific coast of Costa Rica, Central America. Note ciose proximity of 
deep waters of the Pacific Ocean to the shallow waters of the Gulf 

and continues to play, a key  role in the deve lopmen t  of the data base. On the  occasion of 

the Centenary of the Biotogische Anstalt  Helgoland,  the title of the Sympos ium "The 

Chal lenge  to Marine  Biology m a Chang ing  World" bears special  s ignif icance for the 
tropical marine biologist, as mankind  is mak ing  serious efforts to p rese rve  and  m a n a g e  

tropical mar ine  biodiversity. These  efforts require  increased cooperat ion b e t w e e n  scien- 

tists from tempera te  and tropical institutions. The  nature of this cooperat ion wilI take 

shape faster if past research efforts are known and research priorities identif ied.  Thus. the 
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o b j e c t i v e  of th i s  p a p e r  is to p r e s e n t  a n  o v e r v i e w  of t h e  r e su l t s  of r e s e a r c h  c o n d u c t e d  in  t he  

Gu l f  of N i c o y a  o v e r  t he  p a s t  d e c a d e .  

R E S E A R C H  O V E R  T H E  P A S T  D E C A D E  

D u r i n g  t h e  first  y e a r s  of t h e  r e s e a r c h  p r o g r a m m e  s u p p o r t i n g  the  e c o l o g i c a l  e v a l u a -  

t ion  of t h e  Gul f  of Nicoya ,  a k e y  ro le  w a s  p l a y e d  b y  a j o in t  effort  b e t w e e n  C I M A R  a n d  t he  

U n i v e r s i t y  of D e l a w a r e ' s  C o l l e g e  of M a r i n e  S t u d i e s  (CMS).  This  effort  i n c l u d e d  t he  

t r a n s f e r  to C I M A R  of a C M S  r e s e a r c h  vesse l ,  t h e  t r a i n i n g  of t h e  loca l  c r e w  a n d  t e c h n i c a l  

p e r s o n n e l ,  a n d  t h e  e x c h a n g e  of f acu l ty  a n d  s t u d e n t s .  T h e  jo in t  p ro j ec t  w a s  c o n c l u d e d  in 

I982;  h o w e v e r ,  c o o p e r a t i o n  b e t w e e n  i n d i v i d u a l  sc i en t i s t s  c o n t i n u e s ,  to d a t e  (Tab le s  1 

a n d  2). A n  i m p o r t a n t  fac to r  l e a d i n g  to t h e  s u c c e s s  of t he  v e n t u r e  w a s  t h e  p a r t i c i p a t i o n  of 

s c i en t i s t s  a n d  s t u d e n t s  f rom b o t h  i n s t i t u t i o n s  in  all  s t a g e s  of p ro j ec t  d e v e l o p m e n t ,  f rom 

Table 1. Main topics of research in the ecological evaluation programme of the Gulf of Nicoya and 
selected publications, including those resulting from past cooperation between the University of 

Costa Rica (CIMAR) with similar institutions 

Topics Selected references Institutions 

Estuarine flow Voorhis et al. (1983) 1, 2, 3, 4 
Murillo (1990) 1 

Nutrients, dissolved oxygen, Epifanio et al. (1983) 1, 2, 3 
trace metals Dean et al. (1986) 1, 3, 3, 5 

Fuller et al. (1990) 1, 6 

Fish diversity and distribution, Bartels et al. (1983, 1984) 1, 2 
mass mortality, artificial reefs, Campos et al. (1984) 1 
ichthyoplankton Thorne et al. (1989) 1, 7 

Szelistowski & Garita (1989) 1, 10, 8 
Campos & Gamboa (1989) 1 
Ramirez et al. (1989, 1990) 1 

Crab larvae, lunar  rhythms, dispersal, Epifanio & Dittel (1982) 1, 2 
hermit  and blue crabs, seasonality DeVries et al. (1983a, b) 1. 2 

Dittel & Epifanio (1984) 1. 2 
Epifanio & Dittel (1982. 1984} 1, 2 
Dittel et al. (1985, 1991J 1, 2 
Borjesson & Szelistowski (1989) 1 
Wehr tmann  (1990) 1, 9 
Wehr tmann  & Dittel (1990) 1, 9 

Mangroves,  marine fungi, red tides Soto (1988) 1 
Perry (1988) 1, 10 
Gocke et al. (1990) 1, 11 
Ulken et al. (1990) I, 8, 12 

1: Universidad de Costa Rica ICIMAR); 2: University of Delaware. Lewes (USA); 3: California 
State University, Long Beach IUSA); 4: Woods Hole Oceanographic  Institution. Woods Hole 
(USA); 5: Mount  Ida College, Boston (USA); 6: United States Geological Survey {USA); 
7. University of Washington {USA); 8: Universidad Nacional. Heredia  (Costa Rica); 9: Universit6t 
Hamburg  (Germany); I0: University of California, Los Angeles  (USA); 11: Institut ftir Meeres-  
kunde,  Kiel (Germany); 12: Alfred Wegener  Institut. Bremerhaven  (Germany} 
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Table 2. Main topics of soft-bottom research in the ecological evaluat}on programme of the Gulf of 
Nicoya and selected publications, including those resulting from past cooperation between the 

University of Costa Rica (CIMAR) with similar institutions 

Topics Selected references Institutions 

S u b t i d a l  b e n t h o s  
faunal surveys, diversity, latitudinal 
comparisons, polychate seasonal abundance, 
feeding guilds, stomatopods 

I n t e r t i d a l  b e n t h o s  
oxygen consumption, meiofauna, macro- 
fauna, seasonal abundance, predation, 
cumaceans, brachiopods, sipuncnlans, 
copepods 

Maurer et al. (1984) 1, 2, 3 
Maurer & Vargas (1984) 1, 3 
Vargas et al. {1985) 1, 3, 5 
Maurer et al. {1988) 1, 3, 5 
Dittel {1991) 1 

Gocke et al. {1981) 1, 11 
De la Cruz & Vargas {1987) 1 
Fournier & De la Cruz (1987) 1 
Vargas (1987, 1988a, b, 1989a, b) 1 
Watling & Breedy {1988) 1, 13 
Emig & Vargas {1990) 1, 14 
Cutler et al. (1992) 1, 15, 16 
Mielke (1992) 17 

1: Universidad de Costa Pica (CIMAR); 2: University of Delaware, Lewes (USA); 3: California 
State University, Long Beach (USA}; 5: Mount Ida College, Boston (USA); 11: Institut ffir 
Meereskunde, Kiel {Germany); 13: University of Maine, Walpole (USA); 14: Station Marine 
d'Endoume, Marseille (France); 15: Hamilton College, New York IUSA); 16: Harvard University, 
Cambridge (USA); 17: Zoologisches Institut und Museum der Universitdt G6ttingen (Germany) 

writ ing the proposal to publication of the results. This approach has also worked in 

cooperat ive efforts with more than a dozen research centres (Tables 1 and 2t. As a result 

of these studies, the Gulf of Nicoya is considered unique  in the sense that it is fertilized by 
a type of pe rmanen t  upwelling,  driven by the positive nature of the estuary and 

facilitated by the narrow shelf separat ing the mouth from the deep  nutrient-r ich waters  of 

the Pacific (Fig.l). Large annual  salinity variations take place in the Gulf, which are in 
direct response to the occurrence of a rainy season (May through November)  and a dry 

season (December  through April). During the rainy season the estuary has marked  
vertical  and horizontal gradients, that are disrupted by winds and tidal mixing {mean 

tidal range  = 2.3 ml during the dry season (Epifanio et al.. 1983: Voorhis et a] . 1983). This 

marked  seasonali ty of environmenta l  factors is also ref lected by some components  of the 

biota, and an important  number  of papers  published to date emphas ize  this aspect 
(Tables 1 and 2). More than 200 species of fish and nearly 400 species  of benthic 

inver tebrates  have  been  identified, the ecology of most of them be ing  relatively 

unknown.  Joint  research has also contr ibuted to the study of mangroves  (the most 

important  coastal vege ta t ion  in the Gulf), and pre].iminary efforts have  b e e n  made  to 
study red tides and mar ine  fungi (Table 1). Trace meta l  concentrat ions in sed iment  and 

inver tebra tes  were  eva lua ted  recent ly  and concentrat ions appear  characterist ic of non- 

industrial ized estuaries, except  at the mouth of the Tarcoles river, where  chromium is 
important  (Dean et al., 1986; Fuller et al., 1990). 

The study of benthic  communit ies  is an important  component  of the ecological  
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evaluat ion programme of the Gulf of Nicoya, and work with foreign scientists has also 
played a leading role (Table 2). Benthic research has focused primarily on the description 
of structural aspects of communit ies (variation in space and time of the numbers  of 
individuals  and  species). Future cooperative research will probably find an unexplored 
field in the study of community function (energy flow). Some findings from previous 
research cited in Table 2 are: a total of 56 000 individuals belonging to 98 species was 
collected in trawl samples from 17 stations. Decapod crustaceans were the dominant  
taxon, with 54 species (Maurer et al., 1984). Grab samples, taken at 42 stations, yielded 
4684 individuals  and 205 species of macrofauna, of which polychaete worms were 
represented  by 120 species, followed by crustaceans (46 spp.), and molluscs (22 spp.). 
Maximum density was 8744 individuals per square metre, and maximum diversity (H') 
was 3.09, which was not as high as expected for a tropical estuary (Maurer & Vargas, 
1984). Similar results were obtained by core sampling at an intertidal mud flat. Statistical 
methods, however, revealed a seasonal pat tern of this mud flat community, with several 
species showing marked seasonal peaks of abundance  (Vargas, 1987, 1988, 1989a, b.). A 
survey of the meiofauna conducted at this mud flat indicated that four groups, Nematoda,  
Foraminifera, Copepoda, and Ostracoda, accounted for 96 % of the number  of individu- 
als. A density in excess of two million individuals  per square metre ranks among  the 
highest  reported for tropical intertidal envi ronments  (De la Cruz & Vargas, 1987; Vargas, 
1988). Recent efforts have focused on taxonomic studies, particularly on groups such as 
cumaceans,  copepods, brachiopods, and s ipunculans  (Table 2). 

A survey of the literature on tropical benthic  research indicates that reports based on 
data collected over a year or more are scarce (Alongi, 1989, 1990). Thus, little work exists 
relat ing seasonal envi ronmenta l  factors to fluctuations in abundance  and diversity. Of 
great help in unders tand ing  the role of abiotic and biotic factors (predation, competition, 
reproductive strategies) is the comparative study of tropical and temperate communit ies.  
The n u m b e r  of papers addressing this topic is also relatively small, notable exceptions 
be ing  those of Epifanio & Dittel (1982), Warwick & Ruswahyuni  (I987), and Reise (1991). 

Benthic scientists in temperate regions have accumulated many years of experience 
in the study of the role of the envi ronmenta l  and biological factors inf luencing the 
structure and  function of soft-bottom communit ies (Reise, 1985). However, studies of this 
nature  are rare in the tropics (Alongi, 1989, 1990). Thus, cooperative research is most 
welcome on topics such as reproductive strategies, larval transport and  subst ra tum 
selection, colonization of new and disturbed habitats, interactions be tween  and  among 
size groups (microfauna-meiofauna-macrofauna),  and  physiological tolerances toward 
salinity, temperature,  and pollutants. 

Caging experiments  in different latitudes have produced with a few exceptions, a 
significant increase in the number  of individuals  and species inside caged areas. This 
increase is most obvious m experiments conducted in temperate latitudes (Reise, 1977~ 
Vargas, 1988). The usual  explanat ion for these results is that the cage excludes predators, 
allowing some of the prey species to reach high abundances .  Reise (1985) points out, 
however, that it is often impossible to separate the effects of predation from those of 
disturbance.  Thus, the role of dis turbance in community  structure might  be  more 
important  than predat ion on a community  where most of the species are sediment  
re-workers (Vargas, 1988). In spite of these interpretat ion problems, caging experiments  
are simple and affordable tools to study communi ty  responses to external factors. Yet, the 
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n u m b e r  of s u c h  e x p e r i m e n t s  c o n d u c t e d  in t he  t ropics  is  neg l ig ib l e ,  the  o n e  c o n d u c t e d  by  

the  au tho r  b e i n g  the  only  s tudy  p u b l i s h e d  on  a t rop ica l  i n t e r t ida l  m u d  flat (Vargas ,  1988). 

The  e x p e r i m e n t a l  m a n i p u l a t i o n  of c o m m u n i t i e s  has  p r o d u c e d  s ign i f i can t  a d v a n c e s  

in t he  s tudy  of t ropica l  rocky  in t e r t ida l  b e n t h o s  (Anse l l  & Mor ton ,  1987; Alongi ,  1989). As 

w a s  m e n t i o n e d  before ,  c o n s i d e r a b l e  e x p e r i e n c e  c o n c e r n i n g  this topic  a lso  exis t s  in 

t e m p e r a t e  l a t i t udes  (e.g. Reise,  1985) This  e x p e r i e n c e  f ac i l i t a t e s  c o m p a r i s o n s  a n d  h e l p s  

to avo id  pi t fal ls  in e x p e r i m e n t a l  de s ign ,  a n d  d a t a  a n a l y s e s  (cf. Burd  et  aL, 1990). 

C o o p e r a t i v e  s t ud i e s  on this b r a n c h  of f ie ld  e c o l o g y  are  a lso  a pr ior i ty  s u b j e c t  of t he  

eco log ica l  e v a l u a t i o n  p r o g r a m m e  of t h e  Gulf  of Nicoya .  

The  eco log ica l  i n fo rma t ion  tha t  has  b e e n  g a t h e r e d  s ince  1979, t he  e x i s t e n c e  of a 

m a r i n e  r e s e a r c h  c e n t r e  a n d  an  ac t ive  g r o u p  of local  sc ient is ts ,  a n d  the  s u c c e s s  of p a s t  

c o o p e r a t i v e  r e s e a r c h  wi th  fo r e ign  ins t i tu t ions ,  form a sol id bas i s  for any  fu tu re  effor t  in 

sc ient i f ic  coope ra t ion .  
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