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ABSTRACT
Estuaries in northeastern Puerto Rico provide critical habitat for diadromous, estuarine,
and marine species. While freshwater abstraction has been recognized as a threat to riverine
species in this region, the issue of decreasing inflow to estuaries has received very little research
or management attention. To address this research gap, the ecological importance of freshwater
inflows to estuaries in northeastern Puerto Rico and the management framework for this resource
are examined in this dissertation. The ecological importance of freshwater inflow was examined
in two studies: (1) a comparison of salinity and fish community data collected from the Espiritu
Santo estuary in 1977 and 2004, before and after the 1984 construction of an upstream low-head
dam and water intake structure and (2) a stable isotope and gut content analysis of the
contribution of freshwater organic matter to estuarine fishes in the Espiritu Santo and Mameyes.
Results of the first study illustrate the potential importance of freshwater inflow to estuarine fish
communities. 2004 sampling yielded lower fish species richness and abundance than 1977
sampling. Freshwater-oriented species demonstrated the greatest decline, with only 25% of
freshwater-oriented species redetected in 2004 versus redetection of more than 50% for marine
and euryhaline species. Results of the second study illustrate the contribution of riverine organic

matter to estuarine fish diet. While riverine organic matter was of limited (<33%) importance to
three of four fishes sampled (Centropomus pectinatus, Bairdiella ronchus, and Mugil curema),
stable isotope analyses indicated that it potentially contributed as much as 69% of the diet of one
species, Diapterus rhombeus. Gut content analysis of these four and eleven other common fishes
collected from the two estuaries demonstrated the importance of riverine-derived organisms,
specifically juvenile diadromous freshwater shrimps, to fish diet. Freshwater shrimps were
frequently encountered (in 37% and 39% of guts examined) and composed an average of 18%
and 22% of the gut content material of omnivorous fishes sampled in the Espiritu Santo and
Mameyes estuaries, respectively. After assessing the ecological importance of freshwater inflow
to estuaries, the management framework for this resource was examined via a legal analysis and
manager interviews. The primary legal and policy authorities with relevance to inflow
management in northeast Puerto Rico are the Clean Water Act, the Rivers and Harbors Act, and
the Puerto Rico Water Law. Inflow management actions under these authorities, however, have
focused on riverine, rather than estuarine, inflow needs. Results of manager interviews illustrate
the role of several key factors in limiting management of inflow to estuaries: low priority of
inflow to estuaries, lack of relevant scientific information, lack of a champion pushing the issue,
programmatic limitations, as well as issues related to Puerto Rico’s wider institutional and
political environment that affect natural resource management in general. Based on the results of
these three studies, management and future research recommendations are provided.
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CHAPTER 1:
GENERAL INTRODUCTION

Water abstraction for municipal uses is one of the primary threats to rivers and aquatic
species in the Luquillo Experimental Forest (LEF) in northeastern Puerto Rico (March et al.
2003; Oritz-Zayas and Scatena 2004; Crook et al. 2007). To address this issue, scientists
associated with National Science Foundation’s Luquillo Long Term Ecological Research
Program (LTER) have made considerable advances in the study of instream flows. This research
has included: instream flow and habitat requirements of diadromous freshwater shrimps 1
(Scatena and Johnson 2001); migratory patterns/drift of these organisms (March et al. 1998;
Benstead et al. 2000); and effects of water diversions on their populations (Benstead et al. 1999).
Results of these studies have ultimately led to strategies to minimize the effects of water
abstractions on aquatic species (March et al. 2003; Oritz-Zayas and Scatena 2004).
Increased water abstraction may also affect downstream estuaries (Drinkwater and Frank
1994; Alber 2002; Gillanders and Kingsford 2002). Although estuaries in northeastern Puerto
Rico provide critical habitat for diadromous freshwater organisms and many important marine
species (Center for Energy and Environmental Research 1979), the issue of decreasing inflow to
estuaries has received very little research or management attention (Benstead et al. 2000; March
et al. 2003). In fact, there are no published studies regarding inflow to estuaries in Puerto Rico.
To address this gap, this dissertation examines the ecological importance of freshwater inflows to
estuaries in northeastern Puerto Rico and the management framework for this resource.
1

Diadromous freshwater shrimps are the dominant macroconsumers in Puerto Rican streams.
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In the first study (Chapter 2), I compare salinity and fish community data collected from
the Espiritu Santo estuary in 1977 and 2004, before and after the 1984 construction of an
upstream low-head dam and water intake structure. Specifically, I address the following
questions: Are there strong indicators of change in the fish assemblage of one of Puerto Rico’s
best preserved estuaries, the Espiritu Santo? If so, which species or types of species are most
affected? Do changes in the fish community reflect construction of the upstream dam and water
intake facility? For example, have freshwater oriented species declined more than marine
oriented species?
In the second study (Chapter 3), I examine the contribution of freshwater organic matter
to estuarine fishes in the Espiritu Santo and Mameyes via stable isotope and gut content analyses.
Specific research questions include: Is riverine derived organic matter, including riverine
organisms, important to estuarine fishes and consumers? If so, to what extent and for which
species? Are there apparent differences in the contribution of riverine organic matter between
the Espiritu Santo and Mameyes, estuaries which differ in upstream water management
practices?
Lastly, in Chapter 4, I examined the management framework for inflow to estuaries in
northeast Puerto Rico through the use of legal analysis and manager interviews. Specifically, I
examined (1) the legal and administrative framework under which inflow to estuaries is managed
and (2) factors influencing the management of inflow to estuaries. Specific research questions
include what legal authorities do managers use to address inflow to estuaries? To what extent
has this issue been addressed under these authorities? What factors influence managers’ efforts
regarding inflow to estuaries?
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The research presented in this dissertation expands on the Luquillo LTER’s research
relevant to water management. Luquillo LTER researchers began examining the effects of
hydrological alterations within the boundaries of the LEF, but have recently made efforts to
expand this research to rivers outside the LEF boundaries (e.g., Greathouse et al. 2006a;
Greathouse et al. 2006b; Luquillo LTER 2006). This dissertation further expands on the
geographic scope of Luquillo LTER research by addressing the ecological importance of
freshwater inflow to estuaries. By providing research on the framework for management of
inflow to estuaries, this dissertation also contributes to an emerging goal of the LTER program:
addressing resource management and governance (LTER 2006). While each chapter of this
dissertation is written as a stand alone publication and couched in the broader scientific
literature, all are tied together by the broader objective of understanding the ecology and
management of inflow to estuaries.
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CHAPTER 2:
A COMPARISON OF CURRENT AND HISTORICAL FISH ASSEMBLAGES IN A
CARIBBEAN ISLAND ESTUARY: CONSERVATION VALUE OF HISTORICAL DATA 1

1

Smith, K.L., Corujo Flores I., and Pringle C.M. In Press with Aquatic Conservation. Reprinted here with
permission of publisher.
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ABSTRACT
Historical data are often one of the only resources for documenting and assessing causes of
environmental change, particularly in developing regions where funding for ecological studies is
limited. In this paper, previously unpublished data from a 1977 year-long study of the fish
community of the Espiritu Santo estuary are presented. This dataset is among the oldest and
most extensive surveys of a Caribbean island estuarine fish community. A comparison of these
historical data with data collected in June and July 2004 using identical sampling methods
allowed description of potential long-term changes in the fish community, identification of
vulnerable species, and assessment of potential drivers of change. Results strongly suggest a
decline in species richness and abundance in the Espiritu Santo estuarine fish community, with
greater declines in freshwater-tolerant than marine or euryhaline species. Declines in freshwater
inflow to the estuary, due to large-scale upstream water abstractions for municipal use, have
increased since the initial 1977 survey. This is the first study to examine long-term change in the
fish community of a tropical island estuary. Additional research and conservation efforts are
needed to understand mechanisms of change and to protect Caribbean island estuarine fish
communities.

Key Words: estuarine fishes, freshwater fishes, long-term change, watershed change, freshwater
diversion.
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INTRODUCTION
Historical observations, even if limited or qualitative, often provide one of the only
resources for documenting and assessing causes of ecosystem change. Use of historical data is
particularly important in developing regions with limited funding for ecological studies and few
long-term datasets. This approach, however, can be challenging because historical studies are
often characterized by missing or unclear records. In addition, the original data collector may be
difficult to locate, potentially leading to methodological uncertainties about the original study.
Several studies have, nonetheless, effectively documented species declines or extinctions via
comparison of current and historical data. For example, Drayton and Primack (1996) found large
changes in the plant community of a small Boston woodland over a century; Kattan et al., (1994)
identified local extinctions and bird species declines in Columbia over 80 years; and Reinthal
and Stiassny (1991) reported losses of freshwater fish species in Madagascar, coinciding with
increases in exotic species. These examples illustrate that even when historical data are limited
in scope, they are valuable for identifying species declines, characteristics of vulnerable species,
and environmental drivers of change (Patton et al., 1998). Early recognition of species declines
is crucial for preventing extinctions and reducing long-term costs of conservation actions.
Fish communities of Caribbean island estuaries have received little study due to lack of
resources and governmental support (Stoner, 1986; Blaber, 2002; Rivera-Monroy et al., 2004).
Appropriate conservation and management actions are difficult without basic data describing
these communities. Such data are crucial: a study of North American marine and estuarine fish
species at risk suggests that Caribbean island fishes may be particularly vulnerable to
environmental change (Musick et al., 2001). Three of the five geographic localities in North
America, noted to have a high number of species at risk, were located in southern Florida, a
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region that shares many species with Caribbean islands. In addition, migratory anadromous and
amphidromous species were identified as particularly vulnerable due to habitat degradation
(Musick et al., 2001). This finding raises further concern for Caribbean islands such as Puerto
Rico, where all native freshwater fishes are amphidromous.
In this paper, previously unpublished historical data from a year-long, 1977 study of the
Espiritu Santo fish community (conducted by I. Corujo Flores) are presented and compared to
data collected with identical sampling methods in June and July 2004. In 1977, the Espiritu
Santo estuary was considered one of the least disturbed estuaries in Puerto Rico; however, in the
last 30 years its watershed has been affected by increasing population growth and urbanization
(Ramos Gonzalez, 2001; Ortiz-Zayas and Scatena, 2004). The 1977 fish community presented
here is among the oldest and most extensive from a Caribbean island estuary. As such, these
data provide a rare opportunity to document “baseline” conditions in the Espiritu Santo estuary,
examine potential long-term changes in its fish community, and identify vulnerable species and
drivers of species declines.

METHODS
Study site
The Espiritu Santo estuary is adjacent to the town of Rio Grande in north-eastern Puerto
Rico (Figure 2.1). Puerto Rico’s north-eastern estuaries, including the Espiritu Santo, are riverine
type estuaries that, in comparison to lagoonal or deltaic estuaries, are characterized by a high
ratio of freshwater to tidal inflow, a low width to depth ratio, and a high perimeter to area ratio
(Morris and Hu, 1995). The estuary is relatively small extending less than 7 km inland, ranging
from 12 to 55 m in width and 1 to 6 m in depth, and with a drainage area of approximately 25
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km2. Its substrate is composed of sand and gravel, with some areas of cobble in its upper reaches
and a thick layer of organic detritus in the mid and lower reaches. The estuary is bordered by
pasture lands in the upper reaches and by mangrove wetlands in the lower reaches. Long-term
annual flow to the estuary averages 1.68 m3/sec most of which reaches the estuary during large
flood events. Due to the high elevational gradient of its drainage basin, flow through the estuary
is visible except during periods of very low discharge. The estuary is strongly and permanently
stratified (at approximately 0.5 m in depth) with a distinct salt wedge. Flooding may disrupt this
stratification, though generally for less than 24 hours. Turbidity ranges from an average of 15
NTU during normal flow to more than 50 NTU after storm events. Tidal amplitude is in the
region is low (< 1 m).
The Espiritu Santo is the only estuary in Puerto Rico’s north-eastern coast that remains
open to the ocean year-round, with no sandbar formation at its mouth. In addition, an extensive
reef system lies just outside the mouth of the estuary. As a result of these two characteristics, the
Espiritu Santo hosts many marine migrants and has unusually high fish species richness for the
region (Negron and Cintron, 1979). The Espiritu Santo is also one of the most protected
estuaries in Puerto Rico. The Espiritu Santo river originates in Luquillo Experimental Forest
(LEF) at an elevation of approximately 1,000 metres and the estuary is included in the Espiritu
Santo Reserve. The National Forest designation has protected much of the Espiritu Santo
watershed from development. In addition, because of the protection conferred by its reserve
status, the Espiritu Santo estuary, unlike most of Puerto Rico’s estuaries, has retained some of its
mangrove wetlands. The areas surrounding the reserve, however, are primarily urban and
suburban (Ramos Gonzalez, 2001). There is no commercial and only limited recreational fishing
in the estuary although a small marina is located on the estuary and commercial fisherman use
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the estuary for boat access to offshore reefs. The estuary is also used for kayaking and
recreation.

Changes to the Espiritu Santo watershed between 1977 and 2004
Despite its reserve status, the Espiritu Santo estuary is threatened by urbanization, loss of
mangroves within the reserve, and upstream water diversions. Water diversions are a threat to
estuaries throughout Puerto Rico and particularly so in the densely populated north-east where
water demand is high and ground water is limited (March et al., 2003; Ortiz-Zayas and Scatena,
2004). The Espiritu Santo river is the most heavily diverted river in the LEF (Crook et al.,
2007). At least ten water intakes, most of which were built within the past 30 years, are
currently located within the Espiritu Santo basin. These intakes extract more than 20% of the
Espiritu Santo’s annual runoff. Because most of the runoff occurs during large storm events, the
day-to-day impact is even greater with 82% of median flow withdrawn from the river (Crook et
al., 2007).
Upstream water diversions have greatly increased since the Espiritu Santo estuary was
designated as a reserve. The largest water intake on the river was constructed in 1984, after the
estuary was given reserve status. Withdrawals at this intake account for more than twice the
total of all the other intakes combined (Crook et al., 2007). During drought periods, all fresh
water in the stream is diverted at this intake. On such occasions, marine fish species have been
observed directly below the dam, located more than 1 km above the head of the estuary (March
et al., 2003). Two changes to the estuary and near shore marine environment may have also
influenced the Espiritu Santo salinity patterns. Dredging, from the middle to the mouth of the
estuary, has occurred for sand mining and to facilitate boat traffic from the estuary to ocean
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fishing grounds. In addition, a portion of the reef located near the mouth of the estuary was
removed to facilitate boat traffic from the estuary to marine fishing grounds. These changes may
have increased the penetration of the salt wedge into the estuary.
Large-scale shifts in landuse have also occurred in north-eastern Puerto Rico since the
late 1970s. Ramos Gonzalez (2001) evaluated landuse change in north-eastern Puerto Rico
between 1978 and 1995, documenting an almost completed replacement of agricultural lands
with forest and shrub cover in the uplands, and urban and suburban development in the coastal
plains. Eighty-five percent of the new development between 1978 and 1995 occurred in the
lowlands and coastal plains region (Ramos Gonzales, 2001). Urbanization in the basin has likely
altered sediment inputs to the estuary (Edgar and Barrett, 2000) and has encroached on
mangrove stands surrounding the Espiritu Santo estuary (I. Corujo Flores, personal observation).
Many improvements have been made to the water quality of the Espiritu Santo estuary
since the 1970s. Point source pollution has decreased due to improvements in sewage treatment
and water quality regulations. In the late 1970s, the estuary received 0.8 million gallons/day of
discharge from a secondary sewage treatment plant. Fish sampling near the sewage discharge
point was often difficult in 1977 because gill nets frequently became clogged with toilet paper (I.
Corujo Flores, personal observation). Sewage is no longer discharged directly into the estuary
although failure of the treatment system resulted in sewage overflow to the estuary on several
occasions in 2004 (K. Smith, personal observation). The decline of agriculture in the region has
likely reduced fertilizer and pesticide runoff to the estuary. Water hyacinth (Eichhornia
crassipes), which covered large portions of the estuary in 1977, was absent from the estuary in
2004 possibly due to these reduced nutrient inputs.
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Field sampling
1977 sampling
Fish were collected monthly by I. Corujo Flores between February 1977 and January
1978 (referred to as 1977 sampling) from eight approximately evenly-spaced sampling stations
along the salinity gradient (Figure 2.1). On each sampling event, four experimental 100 x 8 ft
nylon sinking gill nets, each of a single mesh size (½, 1, 2, and 3 inches square), were deployed
to capture fish at each station. Each net was anchored to the shore and deployed at a 45-degree
angle sloped towards the freshwater flow. The 2” and 3” nets were placed on opposite shores at
extremes of the sampling station and the ½” and 1” nets were placed on opposite shores between
the larger nets. Nets were set for 1.5 hours between 0700 and 1100 hours. Dip nets were used to
collect smaller fishes along the shores. All fish were weighed and measured for total and
standard lengths.
At each station, water samples were taken after each sampling event from the middle of
the channel at 0.25 m below the surface and 0.25 m above the estuary floor. Samples were
stored in polyethylene bottles and returned to the laboratory where salinity was determined with
a Bausch and Lomb temperature compensated refractometer. Standard MohR titration with
silver nitrate (AgNO3) was used when salinity levels were under detection limits of the
refractometer. Temperature was recorded in situ with a Kemmerer water sampling bottle
equipped with a calibrated thermometer.

2004 sampling
In June and July of 2004, the same eight stations (Figure 2.1) were sampled once per
month also between 0700 and 1100 hrs with identical gear and methods as in 1977. To ensure
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consistency between 1977 and 2004 sampling, I. Corujo Flores re-delineated the 1977 sampling
stations and trained K. Smith in sampling methods. To increase the sample size and capture of
crepuscular fishes, additional night sampling (between 1900 and 2300 hours) was carried out at
least once per month at all sampling stations. Night sampling effectively doubled our 2004
sampling effort over our 1977 sampling effort. During each 2004 sampling event, surface (at
0.25 m) and bottom (at 0.25 m above the substrate) temperature, salinity, dissolved oxygen, and
turbidity were recorded from the middle of the channel with a Hydrolab Quanta (Hydrolab Inc.).

1977 & 2004 Comparisons
Raw data from the 1977 study were lost when the Center for Energy and Environment,
where they were stored, was closed. Detailed summaries of the fish community and
environmental conditions were preserved in a Masters thesis by I. Corujo Flores (Corujo Flores,
1980). These data are used here to describe the 1977 fish community and environmental
conditions. After summarizing the 1977 data, species richness, diversity, abundance, and
community composition were compared between 1977 and 2004 using identical subsets of the
1977 and 2004 data - June and July day sampling (further referred to as base sampling). For
some comparisons, additional data such as 2004 night sampling and year long 1977 data are
presented alongside base sampling comparisons. It is important to note that many statistical
analyses could not be applied because the 1977 data were only preserved in summary form.
The number of species (observed species richness) detected during 1977 and 2004 base
sampling was compared. Because observed species richness may not reflect the true number of
species present in an area (Colwell and Coddington, 1994), estimated species richness (the
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Chao1 estimator) was calculated with EstimateS Version 7.5 (Colwell, 2005). The Chao1
estimator is defined as:

ŜChao1 = Sobs + [ƒ2(1)/2ƒ(2)]

where Sobs is the observed number of species, ƒ(1) is the observed number of singletons (only a
single individual is observed), and ƒ(2) is the observed number of duplicates. Because of
potential differences between species richness estimators we also examined results of the ACE
and Chao2 estimators, also calculated with EstimateS, to ensure that trends did not vary between
estimators. Lastly, 1977 (day only) observed and estimated species richness was compared with
2004 day and 2004 day plus night sampling.
A comparison of species diversity (Fisher’s Alpha) between 1977 and 2004 base
sampling was undertaken. This index, also calculated with EstimateS, was defined as:

S = α ln(1 +N/α)

where N is the number of individuals sampled and S is the number of species in the sample.
Results from two other diversity indices, the Shannon and Simpson diversity indices, were also
calculated to ensure that results did not differ between indices.
Total catch and catch per effort between 1977 and 2004 base sampling was also
compared. Because the 1977 data were only available in summary form, catch per effort is
presented as the number of fish collected in each month averaged across the eight sampling
stations. Catch per effort between 1977 and 2004 base sampling was compared and then put in
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context of catch per effort for the entire 12 months sampled in 1977. To illustrate differences in
catches of individual species, total catch by species in 1977 versus 2004 was also plotted.
To examine changes in species abundance in context of their environmental tolerances,
information on the salt tolerance and resilience of each species was collected from the FishBase
database (Froese and Pauly, 2000). Species were classified by salt tolerance as either
freshwater-oriented (reported as occurring in fresh water or freshwater and brackish habitats),
marine-oriented (occurring in marine and brackish habitats), or euryhaline (freshwater, brackish,
and marine habitats). The relative abundance of species in each salinity and resilience category
was compared between 1977 and 2004 base sampling. It was predicted that given increased
freshwater diversions upstream of the estuary, fewer freshwater-oriented than marine or
euryhaline species would be redetected in 2004. Minimum, maximum, and average surface and
bottom salinity at high and low tide at each sampling station was also calculated and compared
between 1977 and 2004. Fish base resilience categorizations were either high, medium, or low
based on reproductive capacity and ability to withstand and recover from exploitation or
disturbance (Froese and Pauly, 2000). Changes in the relative abundance of species in each
resilience category might indicate changes in estuarine conditions or offshore exploitation. Diet
and habitat preference descriptions were not available for all species, so analysis of these factors
was not possible.

RESULTS
Description of historical (1977) fish community
The year-long, 1977 survey yielded 30 families and 60 species of fish (Table 2.1), a high
species richness for the region (Negron and Cintron, 1979). The majority of species were
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represented by only a few individuals. Two-thirds of the species comprised less than 1% of the
total number of individuals in 1977. Only six species represented more than 5% of the catch.
The most common species, Eleotris pisonis, comprised only 12% of the total number of
individuals captured in 1977. The two most common families, Eleotridae and Clupeidae,
comprised 28% and 10% of the catch respectively (Table 2.1).
Only four species, E. pisonis, Gobiomorus dormitor, Mugil curema, and Microphis
brachyurus, were captured in all 12 months of the study (Table 2.1). Twenty percent of the
species were residents (i.e. collected in at least 7 out of 12 months). The majority of species
(42%) were transients (i.e. collected in the estuary in only one or two non-consecutive months).
The remaining 37% of the species were cyclical or regular visitors (i.e. those using the estuary 3
to 6 months out of the year or for two consecutive months).
The majority of species were only found in a few of the sampling stations (Table 2.1).
Half of the species were found in only one or two of the eight stations and 15 of these species
were collected from only one sampling station. Only four species (Centropomus ensiferus,
Opisthonema oglinum, Eugerres plumieri, Bairdiella ronchus) were found at all stations and
only eight species were found in more than six of the eight stations.

The 2004 fish community
The June and July 2004 base sampling survey yielded 16 families and 19 species (Table
2.2). As in 1977, most species were represented by only a few individuals. Only four species,
O. oglinum (9.3%), Lutjanus jocu (7.0%), M. curema (11.7%), and M. brachyurus (18.6%)
comprised over 5% of the base sampling catch. Most species were captured at only one or two
stations and none were captured at over four stations. An additional eight species were captured
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during night sampling for a total of 27 species captured in 2004. Caranx latus (5.6%),
Centropomus pectinatus (8.3%), O. oglinum (7.0%), Polydactylus virginicus (8.3%), and B.
ronchus (11.1%) were most common in 2004 day and night sampling (Table 2.2).

1977 and 2004 comparisons
1977 base sampling yielded 15 more species than 2004 base sampling. Despite identical
sampling methods and effort, 34 species were collected in 1977 while only 19 species were
detected in 2004. Even the 1977 observed species richness was higher than 2004 estimated
species richness. In addition, the 1977 day sampling species richness was greater than the 2004
day and night sampling species richness (Figure 2.2). Species diversity in 1977 (Fishers Alpha =
14.2, SD = 1.9), however, was not significantly greater than 2004 diversity (13.0, SD = 3.3).
These trends were consistent among different estimators of species richness and diversity.
Fish abundance (catch) was also greater in 1977 (Figure 2.3). Catch per effort was low
and highly variable across all sampling months and years; however, catch per effort in June and
July of 2004 was lower than in all 12 months sampled in 1977. Because the 1977 data were
summed by month and station, it was not possible to apply statistical analyses to these
comparisons. It was also not possible to assess changes in biomass because size information
collected in 1977 was not retained for all species.
Figure 2.4, comparing species abundances between 1977 and 2004, illustrates that most
species were more abundant in 1977. Several species commonly detected in 1977 (e.g. C.
ensiferus, Trichiurus lepturus and Anchovia clupeoides) were not redetected or were only
detected in low numbers (e.g. D. rhombeus) in 2004. Only four species found in 1977 were
more abundant in 2004 (O. oglinum, L. jocu, Selene vomer and Archosargus rhomboidalis) and
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another five species that were not detected in 1977 were represented by one individual in 2004.
Exotic species were rare in the Espiritu Santo both in 1977 and 2004. Oreochromis
mossambicus, the only known exotic species found in 1977, decreased in relative abundance
from 3.5% of total catch in 1977 to 1.4% in 2004.
Freshwater-tolerant species showed greater declines than marine species. Only 25% of
freshwater-oriented species collected in 1977 were re-detected in 2004. In comparison, 53% and
54% of marine and euryhaline-oriented species, respectively, were redetected in 2004. Of the 10
new species detected in 2004 (including night sampling), six were marine-oriented and four
euryhaline-oriented but none were freshwater-oriented. These changes coincided with apparent
increases in estuarine salinity. The mean, minimum, and maximum bottom salinity was higher
in 2004 than in 1977 at all sampling stations (Figures 2.5c,d). Surface salinity was similar in
2004 and 1977 (Figures 2.5a,b); however, rainfall in the region was much higher in 2004 than
1977 (Figures 2.5e,f). Because 1977 data were only available in summary form, it was not
possible to apply statistical tests to these comparisons.
Habitat classifications were not available for many species and, when available, they
were often vague. Although these limitations prevented formal analysis, all four species noted to
prefer estuarine creeks and tributaries (Pseudophallus mindii, Agonostomus monticola,
Dormitator maculates and Bathygobius soporator) were not redetected in 2004. The percentage
of species classified as low, medium, and high resilience was similar in 1977 and 2004.
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DISCUSSION
Interpretation of long-term change from limited data
Often, only limited historical data are available for studies of long term change (Drayton
and Primack, 1996). Several methods have been used to improve the strength of conclusions
drawn from historical data. For example, using the same collector or training researchers in
identical methods serves to minimize sampling biases between surveys (Anderson et al., 1995).
Standardizing sampling effort and gears or otherwise accounting for sampling effort will
strengthen the ability to draw conclusions about long-term change (Patton et al., 1998).
Consideration of change at multiple spatial scales (Anderson et al., 1995; Patton et al., 1998) and
over multiple years (Cabral et al., 2001) may further improve ability to draw statistical
conclusions.
Although the aforementioned methods can not always be applied due to the nature of
historical data collections and records, these data may still reveal important signals of change.
For example, Drayton and Primack (1996) identified changes in the plant community of a Boston
woodland between 1894 and 1993, despite loss of some historical data and methodological
questions about the original study. Reinthal and Stiassny (1991), compared compilations of
historical museum records to a six-week preliminary survey conducted in 1989. Even with this
limited dataset, they reported dramatic reductions in freshwater fishes in Madagascar which
coincided with an increase in exotic species. Several factors increase the robustness of the
conclusions drawn from comparisons of current and historical data in this study: (1) the primary
investigator of the 1977 survey, I. Corujo Flores, ensured consistency in sampling methods
between the 1977 and 2004 surveys; (2) sampling effort was standardized between surveys; and
(3) identical gear was used in both surveys.
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Differences in the Espiritu Santo fish community between 1977 and 2004
This study strongly suggests declines in fish species richness (Figure 2.2) and possibly
abundance (Figures 2.3 and 2.4) in the Espiritu Santo estuary. Sstudies from other regions,
however, suggest that estuarine fish may be relatively resilient to environmental change. For
example, in a comparison of fish communities over a 21-year period, Richardson et al., (2000)
found that fish communities in the industrialized estuary of the Fraser River showed no more
change than those in the more protected freshwater reaches of the river. Reinthal and Stiassny
(1991) reported losses of many freshwater fish species in Madagascar but found little evidence of
decline in euryhaline species. Despite large changes in vegetation over a four year period,
Whitfield (1986) found little change in the fish community of a South African estuarine lake.
Meng et al., (1994), however, reported declines of native estuarine species in the San Francisco
bay estuary coinciding with increases in exotic species and declines in freshwater inflow during a
14-year study.
In contrast to other studies of tropical freshwater fish communities (e.g. Reinthal and
Stiassny, 1991; Kaufman, 1992), declines in species richness in the Espiritu Santo did not
coincide with increases in exotic species. Only one exotic species, O. mossambicus was
collected from the estuary, and its numbers declined between 1977 and 2004. Exotic species
may be relatively uncommon in this estuary because it is distant from major ports. In addition,
improvements in water quality of the estuary over the past 27 years may have prevented O.
mossambicus, which tolerates turbid, nutrient-rich waters, from out-competing native species.
Given the lack of research and monitoring of Caribbean island estuarine fishes, little is
known about species that may have been extirpated or are in danger of being extirpated from the
Espiritu Santo or other estuaries. In a report of extirpated species in the Caribbean Isles,
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insufficient data were available to estimate the number of extirpated fishes (Johnson, 1988). One
species found in the Espiritu Santo estuary in 1977, Mugil liza, is considered to be a species “at
risk” in Puerto Rico. Only one specimen of M. liza was found in 1977 and none were found in
2004. Given the rarity of this species in 1977, more sampling is needed to determine if this
species has been extirpated from the Espiritu Santo estuary. Additional study and monitoring of
estuaries and estuarine fishes is needed to determine if other fishes are at risk.

Influence of environmental change
Salinity and freshwater diversion
Freshwater inflow to the Espiritu Santo estuary has decreased due to upstream water
diversions (Crook et al., 2007). While the exact change in inflow since 1977 is unknown, the
largest water intake on the Espiritu Santo river, constructed in 1984, is estimated to extract
approximately 34% of the instream flow on average and as much as 100% of the flow during low
flow periods (Benstead et al., 1999). These upstream changes, combined with changes to the
marine and estuarine environment (i.e. dredging and coral removal at the mouth of the estuary)
which may increase the marine influence and penetration of the salt wedge into the estuary are
reflected in an increase in bottom salinity at all stations of the Espiritu Santo estuary in 2004
(Figure 2.5). This increase occurred despite the fact that 1977 experienced average rainfall while
2004 was a relatively wet year, with May 2004 experiencing record high rainfall for 1975-2004
(Ramírez et al., 2005).
Changes in freshwater inflow and salinity structure have been shown to regulate fish
communities in many estuaries (Meng et al., 1994; Freyrer and Healey, 2003; Barletta et al.,
2005). Our results suggest that altered inflow and estuarine salinity has also affected the Espiritu
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Santo fish community. In addition to declines in species richness and catch per effort, in 2004
fewer freshwater tolerant species (25%) than marine oriented species (53%) were redetected.
This finding suggests that freshwater-oriented species are either more vulnerable to
environmental change than marine or euryhaline species or that long-term change in freshwater
inflow and estuarine salinity are decreasing adequate habitat for these species. Given these
findings, and the ever increasing demand for freshwater in Puerto Rico (Ortiz-Zayas and
Scatena, 2004), studies of freshwater requirements for Puerto Rico’s estuaries are urgently
needed.

Urbanization
Increases in urbanization surrounding rivers and estuaries in Puerto Rico’s coastal plains
may have also contributed to declining species richness in the Espiritu Santo estuary. While a
small mangrove fringe remains around the estuary, most of the mangroves surrounding creeks,
backwaters, and tributaries to the Espiritu Santo estuary have been removed as these areas were
developed for tourism and suburban development. None of the species known to inhabit
estuarine creeks and tributaries (P. mindii, A. monticola, D. maculates, and B. soporator) were
redetected in 2004. These species, however, were detected in riverine areas above the estuary
during exploratory sampling (K. Smith, personal observation), indicating that while less common
in the estuary, they have not been extirpated from the Espiritu Santo river. Urbanization is a
large and increasing threat to Puerto Rico’s coastal plains (Thomlinson et al., 1996; Thomlinson
and Rivera, 2000; Ramos Gonzalez, 2001) and its effects on estuarine fish communities requires
future study.
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Need for Long-term Monitoring
Comparing historical and current data may provide valuable information on ecological
trends and species declines; however, long-term monitoring is critical for detection of changes
outside the range of natural variability. Temporal patterns of variability are well-documented in
many temperate estuaries with established monitoring programmes. These data allow changes
outside the normal range of variability to be detected. However, even with such monitoring
programmes, it may only be possible to detect dramatic signals of change. For example, in an
intensive multi-year study of temporal variability of physical and biotic characteristics of the
Apalachicola estuary, Livingston (1987) found that fish community parameters demonstrated
large, weekly variation that could mask interannual trends. No similar long-term datasets are
available for Caribbean island estuarine fish communities and therefore differences in the 1977
and 2004 Espiritu Santo estuarine fish community could not be examined within the context of
natural population fluctuations. Future studies are clearly needed to monitor and determine
patterns of variability in the Espiritu Santo estuary.
This study illustrates the need to ensure that historical data are appropriately archived and
made available to the scientific community. In the 1970s, the Center for Energy and
Environmental Research (CEER) funded several studies of the environment (sediment and water
quality) and biota (plankton, crustacean, molluscs, and fish) of the Espiritu Santo estuary. As a
result, more was known about the ecology of the Espiritu Santo, one of the few well described
Caribbean island estuaries, in the late 1970s than at the present. The majority of this
information, including the raw data for this study, was lost with the closure of the CEER. The
loss of these data precludes most statistical analyses as well as an examination of change in fish
size structure and biomass in the Espiritu Santo estuary. This example illustrates the importance
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of preserving both short- and long-term data and the need for programmes such as the National
Science Foundation’s Long Term Ecological Research (LTER) program to archive data and
make it available to future generations.
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Table 2.1. Relative abundance, stations, and month of fishes captured in the Espiritu Santo estuary, Puerto Rico in 1977. Stations
refer to the sampling stations where fish were captured. “Transient” refers to species collected in the estuary in only one or two nonconsecutive months. “Visitor” refers to species collected in the estuary for three to six months or for two consecutive months.
Species collected in seven or more months are classified as “resident”.
Family

Rel abu

Species

Rel abu

Stations

Months

Estuary Use

Achiridae

0.16

Achirus lineatus

0.16

5

4, 5

visitor

Anguillidae

2.79

Anguilla rostrata

2.79

1, 2, 3, 5, 6

1, 11

transient

Belonidae

0.24

Strongylura timucu

0.24

1, 6

5, 8, 11

visitor

Bleniidae

1.67

Lupinoblennius dispar

1.67

5, 6, 7

4, 8, 9, 11, 12

visitor

Carangidae

2.63

Caranx hippos

0.24

6, 7, 8

2, 6, 7

visitor

Carangidae

Caranx latus

1.19

1, 2, 3, 5, 6, 7, 8

2, 4, 5, 6, 7, 8, 9, 10, 11

resident

Carangidae

Chloroscombrus chrysurus

0.88

3, 4, 6, 7, 8

2, 3, 4, 5, 6, 7

visitor

Carangidae

Selene vomer

0.16

7, 8

4, 5

visitor

Carangidae

Trachinotus goodei

0.16

4, 7

5, 7

transient

Centropomus ensiferus

2.31

1, 2, 3, 4, 5, 6, 7, 8

1, 2, 3, 4, 5, 6, 7, 8, 10, 11

resident

Centropomidae

Centropomus pectinatus

0.16

3, 4

8

transient

Centropomidae

Centropomus undecimalis

1.91

1, 2, 3, 4, 5, 6

2, 3, 4, 5, 6, 7, 9, 10, 11

resident

Centropomidae

4.38

Cichlidae

1.35

Oreochromis mossambicus

1.35

3, 4, 5, 7

1, 2, 3, 5, 6, 7, 10, 11, 12

resident

Clupeidae

10.35

Harengula humeralis

0.32

8

12

transient

Opisthonema oglinum

10.03

1, 2, 3, 4, 5, 6, 7, 8

6

transient

Clupeidae
Cynoglossidae

0.08

Symphurus plagiusa

0.08

5

2

transient

Eleotridae

28.03

Dormitator maculatus

9.16

1, 2, 3, 4, 5, 6, 7

1, 3, 6, 8, 11, 12

visitor

Eleotridae

Eleotris pisonis

11.54

1, 2, 3, 4, 5, 6

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

resident

Eleotridae

Gobiomorus dormitor

7.32

1, 2, 3, 4, 5

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

resident

Elops saurus

0.24

2, 4, 8

2, 4, 12

visitor

Elopidae

0.24

32

Engraulidae

6.45

Anchoa hepsetus

0.40

7

5

transient

Engraulidae

Anchovia clupeoides

2.79

2, 5, 6, 7

2, 4, 5, 6, 7, 9

visitor

Engraulidae

Cetengraulis edentulus

3.26

1, 2, 3, 4, 5, 6, 8

6

transient

Ephippidae

0.08

Chaetodipterus faber

0.08

6

3

transient

Gerreidae

6.21

Diapterus rhombeus

3.34

2, 3, 4, 5, 6, 8

1, 2, 3, 4, 5, 6, 7, 9, 11

resident

Gerreidae

Diapterus auratus

0.24

3

8, 10

transient

Gerreidae

Ulaema lefroyi

0.08

3

7

transient

Gerreidae

Eucinostomus melanopterus

0.16

2, 4

7, 10

transient

Gerreidae

Eugerres plumieri

1.75

1, 2, 3, 4, 5, 6, 7, 8

2, 3, 4, 5, 6, 8, 9, 11, 12

resident

Gerreidae

Gerres cinereus

0.64

1, 2, 3, 5

2, 6, 7, 11

visitor

Awaous tajasica

0.16

1

8, 10

transient

Gobiidae

Bathygobious soporator

2.31

5, 6, 7 ,8

1, 4, 7, 8, 9, 10, 11, 12

resident

Gobiidae

Ctenogobius boleosoma

0.72

4, 5, 7

1, 5, 6, 8, 9, 10

visitor

Gobiidae

Gobionellus oceanicus

0.08

2

5

transient

Gobiidae

Gobiosoma spes

2.15

5, 6

8, 9, 10, 11, 12

visitor

Gobiidae

5.41

Haemulidae

0.24

Pomadasys crocro

0.24

1, 2

11, 12

transient

Lutjanidae

0.64

Lutjanus apodus

0.24

7

5

transient

Lutjanidae

Lutjanus griseus

0.08

7

5

transient

Lutjanidae

Lutjanus jocu

0.32

5, 6, 8

5, 8, 9, 10

visitor

Megalopidae

0.48

Megalops atlanticus

0.48

2, 4

7, 11

transient

Mugilidae

9.32

Agnostomus monticola

1.19

1, 2

1, 6, 8, 9, 11

visitor

Mugilidae

Mugil curema

7.96

1, 2, 3, 4, 5, 7, 8

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

resident

Mugilidae

Mugil liza

0.16

5, 6

7, 8

visitor

Myliobatidae

0.32

Aetobatus narinari

0.32

3, 5

4, 5

visitor

Paralichthyidae

0.16

Citharichthys spilopterus

0.16

3, 6

3, 7

transient

Poeciliidae

0.56

Poecilia vivipara

0.56

4, 5

11

transient

Polynemidae

0.64

Polydactylus virginicus

0.64

5, 6, 7, 8

4, 5, 6, 12

visitor

Sciaenidae

5.57

Bairdiella ronchus

3.03

1, 2, 3, 4, 5, 6, 7, 8

2, 3, 4, 5, 6, 7, 8, 11, 12

resident
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Sciaenidae

Cynoscion jamaicensis

0.72

5, 7

5, 7

transient

Sciaenidae

Larimus breviceps

0.40

5, 7

5, 6

visitor

Sciaenidae

Micropogonias furnieri

1.43

4, 5, 6, 7, 8

4, 5, 6, 11, 12

visitor

Scombridae

0.56

Scomberomorus regalis

0.56

5, 6, 8

2, 6, 7

visitor

Sphyraenidae

0.16

Sphyraena barracuda

0.08

2

12

transient

Sphyraena guachancho

0.08

7

5

transient

Microphis brachyurus

9.08

1, 2, 3, 4, 5, 6

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12

resident

Pseudophallus mindii

0.16

1

7, 9

transient

Lagocephalus laevigatus

0.40

5, 6, 8

2, 5

transient

Sphoeroides testudineus

0.80

8

1, 2, 3, 4, 8, 11

visitor

Trichiurus lepturus

0.88

6, 7

6, 7

visitor

Sphyraenidae
Syngnathidae

9.24

Syngnathidae
Tetraodontidae

1.19

Tetraodontidae
Trichiuridae

0.88
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Table 2.2. Relative abundance and locations of fishes captured in the Espiritu Santo estuary,
Puerto Rico in June and July 2004. Rel. abu. = relative abundance for day sampling (D) and day
and night sampling combined (D+N). Stations refer to the sampling stations where fish were
captured. Station numbers in italics indicate the species was only captured during night
sampling.
Family

Species

Rel. abu. (D)

Rel. abu. (D+N)

Stations

Belonidae

Strongylura timucu

-

3.0

5, 8

Carangidae

Caranx hippos

-

1.5

8

Carangidae

Caranx latus

2.3

6.0

2, 8

Carangidae

Oligoplites saurus

2.3

4.5

8

Carangidae

Selene vomer

4.7

3.0

7, 8

Centropomidae

Centropomus ensiferus

-

3.0

5

Centropomidae

Centropomus pectinatus

-

9.0

2, 8

Centropomidae

Centropomus undecimalis

2.3

1.5

4

Cichlidade

Oreochromis mossambicus

4.7

3.0

1, 2

Clupeidae

Opisthonema oglinum

9.3

7.5

3, 5, 8

Eleotridae

Eleotris pisonis

4.7

1.5

5

Elopidae

Elops saurus

-

1.5

8

Engraulidae

Anchovia clupeoides

-

1.5

5

Engraulidae

Cetengraulis edentulus

-

1.5

2

Gerreidae

Diapterus rhombeus

2.3

3.0

2, 4

Gerreidae

Diapterus auratus

2.3

1.5

2

Lutjanidae

Lutjanus jocu

7.0

4.5

5, 7

Haemulidae

Pomadasys crocro

2.3

3.0

2

Mugilidae

Mugil curema

11.7

4.5

1, 3, 8

Polynemidae

Polydactylus virginicus

4.7

9.0

2, 5, 7, 8

Sciaenidae

Bairdiella ronchus

4.7

11.9

2, 5, 6, 8

Sciaenidae

Cynoscion jamaicensis

-

1.5

8

Scombridae

Scomberomorus regalis

7.0

4.5

5, 8

Sphyraenidae

Sphyraena barracuda

2.3

1.5

5

Sparidae

Archosargus rhomboidalis

4.7

1.5

8

Syngnathidae

Microphis brachyurus

18.6

4.5

4, 5

Tetraodontidae

Sphoeroides testudineus

2.3

1.5

8
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Figure 2.1. Espiritu Santo estuary, Puerto Rico showing locations of sampling stations for 1977
and 2004 fish community surveys.
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Figure 2.2. Fish species richness of the Espiritu Santo estuary in 1977 and 2004. “Observed”
refers to the observed number of species and “Estimated” refers to the estimated species richness
(calculated with the Chao1 species estimator). 2004 (D) indicates the number of species found
with day sampling only while 2004 (D+N) indicates the number of species found during day and
night sampling combined. Night sampling was not conducted in 1977.
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Figure 2.3. Catch per effort in the Espiritu Santo estuary by month in 1977 compared to June
and July 2004.
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Figure 2.4. Number of fish by species collected in the Espiritu Santo estuary in 1977 versus 2004. Names of the most common
species are given.
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Figure 2.5 a-f. Average surface (a,b) and bottom (c,d) salinity (ppt) at high (a,c) and low
(b,d) tide in the Espiritu Santo Estuary in 1977 and 2004. Error bars represent minimum
and maximum salinity (standard errors for 1977 salinity data could not be calculated
because only summaries of these data are available). Annual rainfall (1975 to 2004) from
wettest to driest year for the Luquillo Experimental Forest is shown in figure 2.5e.
Figure 2.5f shows monthly average, minimum, and maximum rainfall for 1975-2003 in
comparison to 2004. Monthly values for 2004 are shown as open circles. Figures 2.5e &
f are adapted from Ramírez et al. (2005).
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CHAPTER 3:
STABLE ISOTOPES AND GUT CONTENT ANALYSES REVEAL CONTRIBUTIONS OF
RIVERINE ORGANISMS AND OTHER ORGANIC MATTER INPUTS IN
TWO CARIBBEAN ISLAND ESTUARIES 1

1

Smith, K.L., Rodriguez del Rey, Z., Alber, M., and Pringle, C.M. To be submitted to Canadian Journal of
Fisheries and Aquatic Sciences.
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ABSTRACT
The contribution of riverine-derived organisms and organic matter to fishes in the Espiritu Santo
and Mameyes estuaries, Puerto Rico, was examined via stable isotope and gut content analyses.
Stable isotope analyses indicated that riverine organic matter potentially contributed as much as
69% of the diet of one of four fish species sampled (Diapterus rhombeus). In contrast, riverine
organic matter was of little direct importance to the three other fishes (Centropomus pectinatus,
Bairdiella ronchus, and Mugil curema), contributing less than 33% of their assimilated material,
even in upper reaches of the estuaries. Gut content analysis of these four and eleven other
common fishes collected from the Espiritu Santo and Mameyes estuaries demonstrated the
importance of riverine-derived organisms, specifically juvenile diadromous freshwater shrimps
migrating through the estuary. Freshwater shrimps were frequently encountered (in 37% and
39% of guts examined) and composed an average of 18% and 22% of the gut content material of
omnivorous fishes sampled in the Espiritu Santo and Mameyes estuaries, respectively. This
study adds new information regarding the contribution of riverine subsidies in Caribbean island
estuaries. Given increasing demand for water resources on tropical islands and the importance of
diadromy in these systems, we recommend additional research to better inform water
management decisions.

Key Words: Food webs, freshwater inflow, estuarine fishes, freshwater shrimps, stable isotope
analysis, gut contents, Caribbean island estuaries.
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INTRODUCTION
The contribution of riverine organic matter to estuarine consumers has received
considerable attention, particularly in temperate estuaries. These studies, which often rely on
stable isotope analysis, have generally concluded that local primary producers are the
predominant source of organic matter for estuarine organisms (Peterson & Howarth 1987,
Deegan & Garritt 1997, Chanton & Lewis 2002). However, a few studies have found riverine
organic matter to be an important energy source (Riera & Richard 1996), particularly in highflow systems (Incze et al. 1982) or in the upper reaches of estuaries (Ruesink et al. 2003).
Export of invertebrates may also provide a subsidy from rivers to estuaries. Only a handful of
studies have examined this topic, finding high levels of invertebrate export (Williams 1980,
Hudon 1994, Wipfli & Gregovich 2002) that may contribute to the diet of downstream fishes
(Williams & Williams 1998). Yet another potentially important trophic linkage between rivers
and estuaries is the migration of diadromous organisms; larvae and juveniles of diadromous
organisms that are exported from rivers to estuaries may provide a food source to estuarine
fishes.
The importance of both riverine organic matter inputs (Rivera-Monroy et al. 2004) and
freshwater organisms (Freeman et al. 2003) to estuarine fishes is a critical research area for
Caribbean island estuaries (March et al. 2003). Within the Caribbean, the small riverine
estuaries that drain from mountainous regions, such as northeastern Puerto Rico, may be
particularly dependent on freshwater subsidies because of their geomorphology, which results in
relatively high riverine but low marine organic matter inputs (Rivera-Monroy et al. 2004). The
prevalence of diadromy in freshwater organisms, in Puerto Rico and many other Caribbean
Islands, may also serve to increase the importance of marine-freshwater linkages. With the
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exception of freshwater crabs, almost all of Puerto Rico’s native freshwater macroconsumers
(e.g. fishes, shrimps, and snails) migrate between streams and salt water (March et al. 1998).
Larvae of these diadromous organisms are flushed to the estuary, where they have the potential
to contribute to the diet of estuarine fishes (Corujo Flores 1980, Benstead et al. 2000).
Assessing the importance of riverine organic matter and organismal exports to estuarine
fishes is important in Puerto Rico, given increasing stream water diversions to meet demand for
potable water supplies (March et al. 2003, Ortiz-Zayas and Scatena, 2004). Increased water
demand has resulted in construction of dams on all but one of Puerto Rico’s rivers and increased
water diversions for municipal uses. These alterations may reduce the export of freshwater
organisms to estuaries via disruption of migratory routes and mortality of larvae drifting to the
estuary at water intakes. In a study of freshwater shrimp, the dominant macroconsumers in
Puerto Rican streams, Benstead et al. (1999) estimated that an average of 42% of larval shrimps
were entrained at the main water intake dam on a northeast Puerto Rico river. Reductions in
freshwater inflow due to water diversions may also reduce export of riverine-derived organic
matter and organisms, and ultimately limit their contribution to estuarine fishes.
We examined the importance of riverine energy sources to fishes in two estuaries in
northeast Puerto Rico via: (1) stable isotope analysis, to assess the importance of riverine organic
matter, and (2) gut content analyses, to assess if estuarine fishes are feeding on larval and/or
juvenile freshwater shrimps. Because this study was conducted in two adjacent estuaries with
different upstream water management practices, we looked for systematic differences in the
contribution of these riverine-derived resources that might indicate an influence of upstream
water management. This study adds new information regarding freshwater subsidies to fishes in
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a Caribbean Island estuary and provides a basis for future research on the effects of water
management on riverine subsidies to estuarine fishes.

METHODS
Study site description
This study was conducted in the Espiritu Santo and the Mameyes estuaries, both of which
drain the Luquillo Experimental Forest (LEF) in northeastern Puerto Rico (Figure 3.1). The LEF
is a tropical mountain rainforest receiving an average of over 3000 mm of rainfall per year.
There is little to no seasonality in rainfall in the region and temperature is relatively constant.
High temperatures average approximately 27°C in the winter and 29°C in the summer at the El
Verde Field Station (elevation 350 m) in the LEF (Ramirez et al. 2005). Both the Espiritu Santo
and Mameyes rivers originate at over 1000 m above sea level and drain small (8,547 and 4,120
ha2, respectively), fourth-order watersheds. Both estuaries are short and narrow: approximately
7 and 2 km in length, respectively, and less than 60 m at their widest points. Long-term annual
flow to the estuaries averages 1.68 and 1.53 m3/sec, respectively. Given the region’s
topography, most of the stream flow reaches the estuaries during large flood events. Both
estuaries are permanently stratified, with a fresh ‘surface’ layer approximately one meter in
depth overlying a ‘bottom’ saline layer approximately 1 to 4 m in depth.
Although the estuaries have similar geomorphology, there are some physical differences
between them. Because of the presence of a near-shore reef system that buffers sand-depositing
waves, the Espiritu Santo is the only estuary in Northeastern Puerto Rico that remains open to
the ocean year-round, without sandbar formation at its mouth (Morris & Hu 1995). In contrast,
drought events and prolonged low flows can result in complete sandbar formation and closure of
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the Mameyes estuary from the ocean. Complete or partial closure from the ocean has been
shown to result in anoxic conditions in the non-mixing (bottom) zone of the water column
throughout the mid and lower estuary (Negron & Cintron 1979, Morris & Hu 1995). Although
large floods may completely flush out the sandbar and fully open the estuary to the ocean for
short periods, under normal flow conditions the Mameyes generally has only a small (< 5 m in
width) connection to the ocean.
The two estuaries also differ in upstream water management practices. In 1984, a lowhead dam and water intake structure were constructed on the Espiritu Santo River approximately
4 km from the coast. An estimated 34% of the average instream flow is extracted at this intake
(Benstead et al. 1999). During low-flow events as much as 100% of the flow can be extracted.
Water extraction at this intake has been shown to cause mortality of a large portion of
diadromous larval shrimps during their downstream migrations (Benstead et al. 1999). In the
Mameyes, a French drain structure that pumps stream water to an off-channel storage system
was constructed in 2001. The Mameyes has a minimum environmental flow requirement and the
intake does not appear to entrain or block shrimp migration (March et al. 2003).
To describe differences in physical characteristics between the estuaries, physical data
were collected at least twice per month between May and August 2004 at three sampling stations
distributed along the salinity gradient in each estuary. Stations were located at the upper reach of
the salt wedge, in the middle estuary, and near the mouth of each estuary, referred to as stations
1, 2, and 3, respectively (Figure 3.1). Surface (at 0.25 meters) and bottom (at 0.25 meters above
the substrate) salinity (PSU), dissolved oxygen (mg/L), and turbidity (ntu) were recorded from
the mid-channel with a Hydrolab Quanta (Hydrolab Inc.).
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Fish and shrimp collection
Fish were collected monthly between May and August 2004 at each of the three sampling
stations in each estuary for stable isotope and gut content analyses. Samples were collected with
100 x 8 ft nylon sinking gill nets of differing mesh size (½, 1, 2, and 3 inches square) anchored to
the shore and deployed at 45-degree angles from the shore, sloped upstream. Nets were set for
no more than 1.5 hours at a time to limit digestion of gut content material in captured fishes. All
samples were immediately placed on ice and returned to the laboratory where they were
weighed, identified, and measured for total and standard lengths. Stomachs were immediately
extracted and the contents were squeezed directly into vials and preserved in 70% ethanol. A
white muscle sample was collected from each fish for isotope analysis. These samples were
rinsed with distilled water, placed in a sealed glass vial, and immediately frozen. Prior to isotope
analysis, each tissue sample was freeze-dried (Virtis Freezemobile 35ES) for at least 36 hours
before being ground to a fine power (Spex Certiprep 8000D Mixer Mill). All isotope samples
were treated with 0.01% HCl solution to remove carbonates.
A subset of fish were selected for stable isotope analysis. Since there is a high diversity
of fishes and limited distribution of most species in the estuaries (Smith et al. In Press), we
focused our isotope analysis on four common species found throughout both estuaries to allow
for a consistent examination between estuaries and sampling stations. We chose two pelagic
species (Centropomus pectinatus and Bairdiella ronchus) and two benthic species (Diapterus
rhombeus and Mugil curema). Focusing our isotope analysis on these four species allowed us to
compare relative contributions of freshwater organic matter sources among fishes in the upper,
middle and lower estuary. We aimed to collect at least three individuals of each species from
each station; however, we were not able to reach this target at all stations. For example, no M.
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curema were collected at Station 2 of the Espiritu Santo despite extensive sampling effort (Table
3.1).
Where possible, diadromous freshwater shrimps, a focus of fish gut content analysis,
were also collected to assess if these organisms were dependent on (and thus a source of)
riverine- or estuarine-derived organic matter. Previous studies have reported difficultly in
capturing diadromous shrimps during their larval estuarine stage (Benstead et al. 2000) and we
also were unable to collect larval samples in this study. However, juvenile freshwater shrimps
(Atya lanipes, Xiphocaris elongata, and Macrobrachuim spp.) that were observed in dense
congregations beginning their upstream migration were collected with dip nets from littoral areas
of both estuaries. Samples were immediately placed on ice and returned to the laboratory where
their exoskeletons were removed and a tissue samples collected from their tail muscle for isotope
analysis. Shrimp samples were processed as described above for fish tissue samples.

Basal resources collection
We collected samples of potential organic matter sources from each river and estuary for
isotope analysis. Replicate samples of upstream riparian leaves and instream leaf litter were
collected at the lowest elevation water intake site in the Espiritu Santo and Mameyes rivers
(located approximately 0.5 km upstream of the fresh/salt water interface in each case) to
characterize riverine organic matter. In the estuaries, fresh mangrove leaves were collected from
all stations where mangroves were present (the middle and lower Espiritu Santo and a small area
in the lower Mameyes). Macroalgae was collected from woody debris and buoys where present;
however, it was not observed at all stations. Neither submerged nor emergent seagrasses were
observed in or near either estuary. Samples of estuarine biofilm were also collected at each

52

station by deploying anchored flotation devices that suspended three 12” square tiles in the water
column. After one week, the tiles were collected and immediately scraped for biofilm. Biofilm
samples were used in the interpretation and discussion of our results. Samples of leaves,
macroalgae and biofilm were all dried at 40°C for at least three days before being ground to a
fine power.
Collection of pure samples of phytoplankton and/or benthic microalgae for isotope
analysis are difficult to obtain. As was the case in several previous studies, (e.g., Peterson &
Howarth 1987, Benstead et al. 2006), we rely here on published values (Currin et al. 1995,
Deegan & Garrit 1997) rather than exclude these organic matter sources from our analysis.

Stable isotope analysis
δ13C analysis was conducted in the Analytical Chemistry Laboratory of the University of
Georgia. Samples were run on a Carlo Erba NA 1500 CHN analyzer (Carlo Erba
Instrumentazione, Milan, Italy) coupled to a Finnigan Delta C isotope ratio mass spectrometer
(Thermo Electron Corp., Waltham, USA) operating as a continuous flow system. Reproducibility
was monitored using a bovine liver standard. Precision was better than ± 0.2‰ (1 SD). Animal
tissue δ34S analysis was run at the Colorado Plateau Stable Isotope Laboratory on a Carlo Erba
Model NC2100 elemental analyzer coupled to a Finnigan Delta Plus Advantage isotopic ratio
mass spectrometer. Range in measurement error was ± 0.7-1.0‰. Plant and biofilm δ34S
samples were analyzed at the Coastal Sciences Laboratory (Austin, Texas) on a VG (Micromass)
isotope ratio mass spectrometer. Isotope values are expressed as δ13C or δ34S (with units of ‰)
according to the following equation: δ13C or δ34S = [(Rsample/Rstandard) - 1] × 1000 where R =
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13

C/ 12C or 34S/32S. Reference standards were PeeDee Belemnite carbonate and Canyon Diablo

Troilite for δ13C and δ34S, respectively.

Isosource analysis
Isosource (Version 1.3.1), a mixing model software designed for calculations with n
isotopes and n + 1 sources (Phillips & Gregg 2003), was used to assess the upper and lower
feasible contribution of riverine organic matter to fishes and freshwater shrimps at each station in
each estuary. Because a definite source cannot be calculated when there are n + 1 sources and n
isotopes, we present results as a range (1-99 percentile) to avoid overemphasizing a single value
such as the mean, which has limited meaning (Benstead et al. 2006, Winemiller et al. 2007). Use
of the 1-99 percentile (rather than 0-100) also avoids long tails that can obscure the meaningful
range of values (Phillips & Gregg 2003). Isosource is most useful for illustrating which sources
are of limited importance rather than assigning exact contributions of a source (Benstead et al.
2006). Given our study objectives, we focused our analysis on the contribution of riverine
organic matter rather than the feasible contribution of all potential organic matter sources.
Isosource tolerance and increment parameters were set at 0.05 and 1%, respectively. The
tolerance parameter was increased where necessary to allow calculation of feasible contributions
of riverine organic matter to fishes whose δ13C or δ34S values fell just outside the mixing
polygon. These outside values could represent an uncollected data source; however, because
they fell within the range of primary producer values, they most likely represent natural variation
in primary producer values or small measurement error (Phillips & Greg 2003).
Before running Isosource models, average δ13C values were adjusted to account for
trophic enrichment. Pelagic fishes (C. pectinatus, B. ronchus), benthic fishes (M. curema, D.
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rhombeus), and freshwater shrimps were adjusted 2.5, 2.0, and 1.5 trophic steps, respectively,
above primary producers. Trophic enrichment was calculated at 1.4‰ per trophic step based on
estimates of δ13C enrichment in the tropics (Kilham et al. 2008). Because variations in trophic
enrichment values may influence Isosource estimates, we compared the estimated contribution of
riverine organic matter calculated with a trophic enrichment of 1.4‰ per step to estimates
calculated with a trophic enrichment of 1‰ per step (McCutchan et al. 2003). Use of the lower
enrichment value (1‰) decreased estimated contribution of riverine organic matter by only a
small fraction (average <10%) of the maximum estimated contribution.
Phytoplankton and benthic microalgae are primary organic matter sources in estuaries
and thus were included in mixing models. However, the use of average published values in our
analyses could influence Isosource estimates if they are different than the actual values in these
systems. To assess this possibility, we conducted a sensitivity analysis by varying values of
phytoplankton and benthic microalgae used in Isosource models by ± 2‰ from their average
published values. These variations had a relatively small effect (average <5%) on the maximum
estimated contribution of riverine organic matter.

Gut content analysis
Gut content analysis was conducted to asses the contribution of riverine organisms to
estuarine fishes. In addition to the four species targeted for isotope analysis, we also examined
the guts from other common omnivorous fishes (Caranx hippos, Caranx latus, Diapterus
auratus, Lutjanus jocu, Micropogonias furnieri, Opisthonema oglinum, Pomadasys crocro,
Scomberomorus regalis, Selene vomer, Sphyraena barracuda, Strongylura timucu). This allowed
us to examine the contribution of freshwater shrimps to a wider section of the fish community.
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Because guts of some fishes were very small, the percent contribution of each food item could
not be calculated volumetrically. Instead, we placed a petri dish over a grid (2x2 mm) and, using
a dissecting scope, calculated the portion of the petri dish covered by each distinct food item (as
described in Ley et al. 1994).

RESULTS
The Espiritu Santo and Mameyes estuaries were both distinctly stratified, with a nearly
freshwater surface layer overlaying higher salinity water (Table 3.2). Surface salinity averaged
less than 3 PSU at all stations, with the exception of the Espiritu Santo station 3, where it
averaged 10.6 + 5.7 (s.d.). In the Mameyes, average bottom salinity ranged from 17.9 to 29.2
whereas that in the Espiritu Santo was 5-8 PSU higher, ranging from 23.7 to 37.2. Surface
dissolved oxygen was similar between the two estuaries. Bottom dissolved oxygen, however,
was on average 4 and 2 mg/L higher in the middle and lower Espiritu Santo than in the same
stations of the Mameyes, where low dissolved oxygen levels indicated hypoxic conditions.
Surface turbidity was greater at Stations 2 and 3 of the Espiritu Santo than at the same stations of
the Mameyes, whereas bottom turbidity showed no trend between the two estuaries (Table 3.2).

Basal resources
Riverine organic matter was distinguishable from most other basal resources based on its
δ13C and δ34S values. Riverine organic matter δ13C and δ34S values averaged -28.2 + 0.4‰ (se)
and 10.8 + 1.2, respectively, in the Espiritu Santo and -29.0 + 0.13 and 5.7 + 0.7 in the
Mameyes. Macroalgae δ13C in both estuaries was similar to riverine organic matter; however, it
was distinguishable based on its enriched δ34S (18.1 ± 0.6 in the Espiritu Santo and 14.4 ± 2.5 in
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the Mameyes). Biofilm (a mixture of microalgae and detritus) was more enriched in both δ13C
and δ34S than riverine organic matter (with δ13C and δ34S values of -23.0 ± 0.40 and12.6 ± 1.4,
respectively in the Espiritu Santo and -21.9 ± 1.0 and 15.1 ± 0.5, respectively in the Mameyes).
Average published δ13C and δ34S values of phytoplankton (-21.2 and 18.6, respectively) and
benthic microalgae (-14.9 and 9.9, respectively), were more enriched than both biofilm and
riverine organic matter.
Both δ13C and δ34S values of mangroves overlapped with riverine organic matter and thus
could not be uniquely identified with stable isotopes (Table 3.1). Mangroves were found along
less than 30 m of shore at the mouth of the Mameyes and only a small (< 3m wide) fringe of
mangroves border the lower half of the Espiritu Santo estuary. Because mangroves were found in
such limited areas and overlapped with riverine organic matter, they were excluded from
Isosource models. A sensitivity analysis revealed that excluding mangroves had a limited
(average of <10%) effect on the maximum estimated contribution of riverine organic matter.

Fishes
There was considerable overlap in the isotope values of three of the four fishes evaluated
in this study (Figure 3.2). δ13C and δ34S values of the two pelagic species, C. pectinatus and B.
ronchus, and one benthic species, M. curema were similar, with average δ13C ranging from -18.6
+ 0.3‰ (se) (B. ronchus) to -17.8 + 0.4 (C. pectinatus) and average δ34S ranging from 12.3 + 0.8
(M. curema) to 17.6 + 0.8 (C. pectinatus). Average δ13C and δ34S of these three species were
18.2 + 0.3 and 14.8 + 0.5, respectively. In comparison, isotope values of the other benthic
feeder, D. rhombeus, were depleted with an overall average δ13C of -20.7 + 0.6 (se) and δ34S of
9.3 + 0.9.
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Isotope values of D. rhombeus, B. ronchus, and C. pectinatus were similar between the
two estuaries, despite the fact that the Mameyes has a minimum flow requirement whereas the
Espiritu Santo does not (Figure 3.3). The only notable difference in isotope values between
estuaries was observed for M. curema, whose δ13C and δ34S values were more than 3‰ more
enriched and depleted, respectively, in the Espiritu Santo station 3 than in the Mameyes station 3
(Figure 3.3c).
When isotope values of each species were evaluated along the salinity gradient in each
estuary, differences among stations were relatively small (Figure 3.3). More depleted δ13C and
δ34S values in the upper estuary (Stations 1), which would suggest a greater dependence on
riverine organic matter, was only observed for B. ronchus (Figure 3.3b), whereas M. curema δ34S
were more enriched and δ13C more depleted in the upper estuary (Figure 3.3c). Isotope values
of D. rhombeus or C. pectinatus were similar between the upper and lower estuary (Figure
3.3a,d).

Contribution of riverine organic matter: Stable isotope analysis
The δ13C and/or δ34S values of D. rhombeus generally fell between that of riverine
organic matter and benthic microalgae in both the Espiritu Santo and Mameyes estuaries (Figure
3.4a,b), suggesting that riverine organic matter was potentially important to this species. This
was supported by Isosource estimates that the feasible contribution of riverine organic matter to
D. rhombeus diet ranged from 34-69% in the Espiritu Santo and from 33-58% in the Mameyes,
depending on station (Table 3.3).
In contrast, δ13C and/or δ34S values of C. pectinatus, B. ronchus, and M. curema were
more enriched than riverine organic matter in both estuaries (Figure 3.4a,b). Isosource estimated
a low feasible contribution of riverine organic matter to these three species, even in the estuaries’
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upper stations (Table 3.3). Feasible contribution of riverine organic matter was lowest for C.
pectinatus – with a maximum feasible contribution of 10% in stations 1 and 2 of the Espiritu
Santo and no feasible contribution (i.e., both the 1st and 99th percentile = 0) at the other stations.
Estimated contribution of riverine organic matter to B. ronchus was always a minimum of 0 but
ranged as high as 36% in stations 1 and 2 and as high as 12% in stations 3 of both estuaries.
Estimated contributions of riverine organic matter to M. curema ranged from 0 to less than 28%
across all stations except in station 3 of the Espiritu Santo, where it ranged from 11-13% (Table
3.3).

Contribution of riverine organisms: Gut content analysis
Freshwater diadromous shrimp were an important food item in the guts of C. pectinatus,
B. ronchus and many common omnivorous fishes sampled from the Mameyes and Espiritu Santo
estuaries (Table 3.4). While other items such as mud, organic detritus, unidentified material, and
fish (Figure 3.5) comprised the greatest proportion of guts contents, freshwater shrimp composed
an average of 22% and 18% of the gut volume of omnivorous fish collected from the Mameyes
and Espiritu Santo estuaries, respectively (Figure 3.5). Freshwater shrimp were not detected in
the guts of all omnivorous species sampled (Table 3.4), however, they were frequently
encountered (in 37% and 39%) of guts of fish collected from the Mameyes and Espiritu Santo
estuaries, respectively.
Freshwater shrimps were not found in the guts of the benthic species (D. rhombeus and
M. curema). Rather, guts of these two species were composed almost exclusively of detritus
(32.7.9%), and mud (60.9%). Small amounts of algae, vascular plant material, nematodes,
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amphipods, fish eggs, and insect larvae (sum of these = 0.32%) and unidentified material
accounted for the reminder of their gut contents.
The vast majority of freshwater shrimps that were observed in the gut contents were
juveniles, with only one larval shrimp recorded. Juvenile shrimps swim in dense congregations
along the shores of the estuary during their upstream migration where they may be more
vulnerable to predation than during their larval stage when they are planktonic and widely
dispersed (Benstead et al. 2000). The enriched isotope values observed in these juvenile
freshwater shrimps indicates they were comprised of estuarine rather than riverine organic matter
(Figure 3.4). Estimated contributions of riverine organic matter to juvenile shrimps ranged from
0-32% in the Mameyes and 0-26% in the Espiritu Santo (Table 3.3).
While freshwater shrimp were the most important riverine derived organisms in fish diet,
insects and their larvae were also encountered in the guts of fish in the Espiritu Santo and
Mameyes Estuaries. However, their frequency was low (20%) compared to more common food
items and they represented a very small percentage (<1%) of the gut volume of omnivorous fish.
In addition, these insects could not be definitively attributed to riverine sources because they
were types that could have come from the perimeter of the estuary.

DISCUSSION
Contribution of riverine organic matter: Stable isotope analysis
Several previous studies that have relied on δ13C to trace organic matter sources have
concluded that riverine organic matter is important to estuarine consumers, particularly in upper
reaches of estuaries and during high flow periods (Incze et al. 1982, Rierra & Richards 1996,
Ruesink et al. 2003, Hoffman et al. 2007). The use of both δ13C and δ34S, however, is

60

increasingly recommended for tracing riverine organic matter in estuaries, given the relationship
between salinity, δ13C values of dissolved inorganic carbon, and δ13C values of autochthonous
producers (Chanton & Lewis 2002). Studies that have utilized both δ13C and δ34S, or additional
techniques, such as lipid biomarkers, have generally found that riverine organic matter provides
little direct contribution to estuarine consumers (Peterson & Howarth 1987, Canuel et al. 1995,
Deegan & Garritt 1997, Kwak & Zedler 1997, Hughes et al. 2000, Chanton & Lewis 2002). In
fact, low importance of riverine organic matter has been found even in high flow (average 926
m3/s) riverine estuaries (Chanton & Lewis 2002) and after monsoon flushing of estuarine
systems (Bouillon et al. 2004). As such, the majority of these studies support the growing
consensus that, although riverine export may provide a substantial portion of the organic matter
in estuaries (Goni et al. 2003), it is poorly incorporated by consumers because it is older and
more recalcitrant than autochthonous algae (Sobczak et al. 2002).
Our isotope analyses suggest that riverine organic matter is not an important source of
material to C. pectinatus, B. ronchus, and M. curema, even in the upper reaches the Espiritu
Santo and Mameyes estuaries. Enriched δ13C and δ34S values of C. pectinatus suggest a
dependence on phytoplankton. Enriched δ13C and intermediate δ34S values indicate dependence
on a mixture of organic matter sources for B. ronchus and M. curema, with less than a third of
their diet provided by riverine organic matter. In contrast, intermediate δ13C and depleted δ34S
values of D. rhombeus indicate a potential dependence on riverine organic matter and benthic
microalgae. This may be due to the fact that these fish are benthic feeders. Chanton and Lewis
(2002) found that a few species of polycheates and amphipods derived more than 50% of their
diet from riverine organic matter in the Apalachicola Bay Estuary. Although a thick layer of
terrestrial detritus (i.e., decomposing leaf litter) was observed in grab samples taken from the
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Espiritu Santo and Mameyes estuaries, the associated organisms were preserved in ethanol and
could not be used for stable isotope analysis. Thus, the extent to which benthic invertebrates rely
on riverine organic matter could not be assessed in this study. Future studies of these and other
tropical, riverine estuaries should examine a larger number of species, including benthic
invertebrates, to determine the extent to which the wider benthic community assimilates riverine
organic matter.

Contribution of riverine organisms: Gut content analysis
Isotope values of M. curema, C. pectinatus, and B. ronchus indicated little assimilation of
riverine organic matter. However, gut contents of C. pectinatus, B. ronchus, and many other
omnivorous fishes revealed the importance of riverine-derived juvenile freshwater shrimps in the
Espiritu Santo and Mameyes estuaries. It is important to note that freshwater shrimps found in
guts were almost exclusively juveniles, which had been feeding in the estuary for approximately
eight weeks before metamorphosis. Their isotopic signatures therefore reflected primarily
estuarine-derived rather than riverine-derived organic matter (Table 3.3). Although juvenile
freshwater shrimps represent a source of estuarine organic matter to fish, their availability as a
food source is dependent on connectivity between rivers and estuaries (Holmquist et al. 1998).
Freshwater shrimps were not found in the guts of the two benthic species (M. curema and D.
rhombeus) examined, which is not surprising given that freshwater shrimps are not benthic but
rather planktonic (larval stage) or pelagic (juvenile stage) when they are in the estuary.
The few studies that have examined invertebrate export suggest that it may represent a
potentially large, organic matter subsidy to estuarine fishes (Hudon 1994, Wipfli & Gregovich
2002). In the only comprehensive study of freshwater invertebrate export to an estuary,
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Williams & Williams (1998) estimated an annual export of 30.9 * 106 freshwater invertebrates to
the Aber Estuary (North Wales). These invertebrates comprised a substantial portion of goby
diets in the upper reaches of the estuary. Freeman et al. (2003) estimated that 11 billion
freshwater diadromous shrimp larvae per year are exported from streams in the LEF. Export and
downstream contribution of freshwater organisms from these rivers (and likely other Puerto
Rican and Caribbean Island rivers) may be particularly high because of the predominance of
freshwater diadromous species in the region. These studies, taken together with our results,
illustrate the need to consider the contribution of freshwater diadromous species to estuarine
fishes.

CONCLUSIONS
Our isotope results indicate a potentially large contribution of riverine organic matter to
D. rhombeus throughout the Espiritu Santo and Mameyes estuaries. Although riverine organic
matter was of little direct importance to three other fishes (M. curema, C. pectinatus, and B.
ronchus), our gut contents results illustrate that C. pectinatus, B. ronchus, and many other
omnivorous fishes feed on freshwater-derived organisms, primarily juvenile freshwater shrimp.
Thus, both riverine derived organic matter and organisms appear to play a role in the diets of
estuarine fishes. These findings are particularly important in light of increasing water abstraction
from rivers in northeastern Puerto Rico, where on an average day over 50% of instream flow is
diverted for municipal uses (Crook et al. 2007).
Despite minimum flow requirements in the Mameyes River versus the Espiritu Santo
River, which is characterized by a dam and large-scale water abstraction (March et al. 2003), we
did not observe a systematic difference in the contribution of riverine organic matter to fishes
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between the two estuaries. We also did not observe a marked, systematic difference in the
occurrence of freshwater shrimps in fish guts examined. This study, however, was conducted
during a relatively high flow period (Ramirez et al. 2005). Potential effects of water
management might be evident during low flow or drought periods when a relatively high
proportion of stream flow and drifting shrimp are abstracted from the Espiritu Santo River
(Benstead et al. 1999, Crook et al. 2007).
To our knowledge, the contribution of riverine-derived organic matter and organisms to
estuarine fishes has not previously been assessed in Puerto Rico or other Caribbean Island
estuaries. In addition to sampling during low flow periods when effects of water abstraction may
be more pronounced, future studies should examine the contribution of freshwater shrimps to a
wider range of the fish community and over a longer sampling period (e.g., to assess important
periods of shrimp migration or fish feeding). The contribution of riverine organic matter to a
wider section of the benthic community also merits additional study. The majority of stable
isotope studies have focused on the contribution of riverine organic matter to large temperate
areas where the link between inflow and valued fisheries is well established. Although the
majority of Puerto Rico’s commercially important fishes spend at least a portion of their life in
Puerto Rico’s estuaries (Center for Energy and Environmental Research 1979), the linkage
between freshwater inflow and estuarine fishes continues to receive little study. Results of this
study illustrate the importance of considering the effects of water management on tropical island
estuaries, particularly given increased pressure on freshwater resources.
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