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Repetitive seine and monthly drop net samples taken in a seagrass bed in
the Indian River, Florida, indicate that significant relationships exist
between the abundances of both the code goby Gobiosoma robustum and
the gulf pipefish Syngnathus scooelli and drift algae biomass. We suggest
that drift algae provides a refuge from predation which increases in effective­
ness with increased algal biomass, and that this interaction, in concert
with habitat preference and food availability, is responsible for the relation­
ships observed.

Introduction

Large clumps of unattached drift algae are a prominent feature of some seagrass ecosystems
and, in addition to the seagrasses themselves, may provide food, habitat and shelter for
macrobenthic animals (Eiseman & Benz, 1975; Hooks et al., 1976; Cowper, 1978; Heck,
1979; Heck & Thoman, 1981; Gore et »i; 1981). However, most studies of seagrass macro­
invertebrates have given little consideration to macrofaunal-drift algae associates (e.g.
Brook, 1975; Young et al., 1976; Young & Young, 1977, 1978).

Heck & Whetstone (1977), Gore et at. (1981) and Stoner (1980) have shown that macro­
invertebrate abundance and species diversity may in some cases be linked to macrofloral
biomass in seagrass communities. Although a variety of fishes may also be found associated
with drift algae in seagrass, little has been reported on the relationship of fish to drift algal
biomass. Since these fishes may prey on the invertebrate macrofauna associated with drift
algae, such a fish-algae relationship may be highly important in understanding the trophic
and population dynamics of macroinvertebrates in seagrass beds when drift algae is present.

This study reports on the relationship between drift algae biomass and the abundance
of two fishes commonly found associated with drift algae in seagrass beds, the code goby
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Figure I. Map of the Indian River, Florida, showing the location of the Link Port
study area.

Gobiosoma robustum (Ginsburg) and the gulf pipefish Syngnathus scooelli (Evermann and
Kendall). The fish abundance-drift algae biomass relationship for these two species is
examined both on a daily basis for 18 days and by monthly day and night samples for I year.

Study area

This study was conducted in a seagrass bed located on the west side of the Indian River,
Florida, immediately north of a spoil jetty of the Link Port channel of the Harbor Branch
Foundation (Figure I), and is an area which has been extensively studied (Young et al.,
1976; Young & Young, 1977, 1978; Gore et al., 1981). These shallow ("'I m deep) seagrass
beds are composed largely of Halodule wrightii and Syringodium filiforme with occasional
patches of Thalassia testudinum.

Sporadic and patchy accumulations of drift algae occur at the Link Port study area. In a
study of a nearby (8 km to the south) seagrass area within the Indian River, Benz et al.
(1979) identified 63 species of drift algae. Dominant species were Acanthophora spicifera,
Chondria tenuissima, Dictyota dichotoma, Hypnea cervicornis and H. musciformis. At the
Link Port site, several species of Gracilaria were usually prominent in the drift algae samples.
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Methods

For sampling fish and drift algae on a daily basis, a 3'2-mm mesh, Is-m bag seine was used.
A single seine haul was taken daily (08.00 h) over the same 10X30-m area for 18 consecutive
days (13-30 October 1975).

From April 1976 to March 1977, monthly samples were taken using three 3'2-mm mesh,
lo-m! drop nets (Gilmore et al., 1978). Nets were set up 60-70 m apart and left raised for
I h before tripping. After a net was dropped, a rigid 3'2-mm mesh seine which spanned the
interior of the drop net was passed through the closed off area five times to collect the
contents. For each monthly sample, three drops were made during the morning (10.00­
11.00 'h) and three drops were made that night (I h after sunset).

Fish were sorted from the algae and the algae was weighed (wet weight). Because con­
siderable quantities of drift algae were often collected in the seine collections (up to II kg),
wet weight was determined after the algae were allowed to drip dry for 8 h.

Because correlations of fish abundance with algal biomass between sampling dates were
low (r positive, but ~0'5), data were also analysed by 2X2 tests of independence with
the G-test of significance (Sokal & Rohlf, 1969) to examine whether fish abundance and
drift algae biomass tended to move in the same or different directions from sample date to
sample date, i.e. whether an increase in algae biomass was accompanied by an increase in
fish abundance.
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Figure 2. Total numbers of Gobiosoma robustum and Syngnathus scooelli and total
drift algae biomass (wet weight, kg) collected from the same area by seine hauls
over an IS-day period. Note the vertical axis is a log scale.

Results

Of the 55 species of fish collected during the 18-consecutive-day sampling period, the
abundance of two species, the code goby Gobiosoma robustumand the gulf pipefish Syngnathus
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Figure 3. Total numbers of Gobiasoma robustum and Syngnathus scovelli and total
drift algae biomass (wet weight, kg) collected from (a) day and (b) night drop net
samples over I year. Note the vertical axis is a log scale.

scooelli, showed significant (P<o'oS) relationships between the direction of change in
number of individuals and wet weight of drift algae (Figure 2). Over the 18-day sampling
period, with almost every increase or decrease in drift algae biomass, there was a correspond­
ing increase or decrease in the number of G. robustum and S. scooelli. Drift algae was obvi­
ously not depleted, but rather was replenished daily (by tidal current, wind, etc.); the
largest algal biomass occurred in the 17th collection.

Over the 13 months of drop net sampling, similar significant relationships between the
direction of change in G. robustum abundance and drift algae biomass were seen in both
day and night samples (Figure 3). For S. scooelli, a significant relationship was observed
for the night samples, but the day samples showed only a marginal relationship
(o'oS<P<O'I) between direction of change in abundance and biomass. This day-night
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difference resulted from the fact that no S. scooelli were captured during the day in January
and February 1977, although they were present at night. The reason for this difference in
day-night abundance is unknown but may be related to the high concentrations of the
filamentous brown alga Giffordia mitchelliae in day samples at this time.

Correlations of fish abundance with drift algae biomass were low and not significant
between months (r=0'24- for G. robustum and 0'39 for S. scovelli). This low between-month
correlation is at least partly due to patterns of fish reproduction that may be unrelated to
drift algae abundance. For example, the number of G. robustum in September, October and
November was much greater than predicted by drift algae biomass (see Figure 3). This
difference is largely due to an influx of large numbers of juvenile G. robustum at this time,
similar to the situation in Tampa Bay (Springer & McErlean, 1961). For example, in our
April 1976 drop net samples, there was only one G. robustum <20 rom; in October there
were 691~15 rom (R. G. Gilmore, unpublished data). These abundant smaller fish pre­
sumably require less space and are more closely packed in the drift algae. This huge change
in abundance due to reproductive pattern temporarily overshadowed the fish-algae relation­
ship and caused the between-month correlation to be low.

When the three day and three night drops were considered as six separate replicates
(day-night differences were non-significant for both species), fish-algae correlations within­
months in April and November-January were significant (P<0'05) for both species. During
these months, the mean within-month correlation was 0'90. Correlations were also significant
for G. robustum in July (0'96) and for S. scooelli in May (0'92), October (0'89) and March
(0·83). Overall within-month correlations were significant for both species (0'63 for G.
Tobustum and 0'57 for S. scovelli).

Discussion

In relating macroinvertebrate abundance and species richness to plant biomass in tropical
seagrass systems, Heck & Whetstone (1977) proposed four possible explanations of the
positive correlations of abundance and biomass they observed. These were based on (I)
food availability, (2) reduction of fish predation, (3) increased living space and (4-) additional
nearby habitats. The fourth, additional habitats, is mainly a mechanism relating to species
richness, not abundance. The other three, however, offer possible explanations for the
relationship observed between densities of G. robustum and S. scovelli and drift algae biomass
in the present study.

Both food availability and increased living space relate to population resource limitation.
Increases in drift algae biomass may result in increases in either or both food and space,
allowing larger population sizes to be supported if either resource is limiting. Even if space
is not limiting and the drift algae habitat is not saturated with fish, a positive correlation
would be expected simply if the fish utilized the habitat, even non-preferentially. Stoner &
Livingston (1980) collected the banded blenny, Paraclinus fasciatus, in trawl samples on
both bare sand bottoms and Thalassia seagrass meadows only when clumps of red algae
were present. They attributed this relationship to habitat preference by the fish. Additionally,
the drift algae may serve as a transport and dispersal mechanism.

Larger individuals of both G. robustum and S. scovelli feed primarily on amphipods,
which generally occur in low densities (1974---'77 mean 500 m- Z) in Halodule seagrass beds
at this site (Nelson et al., 1981). G. robustum >18 mm and S. scovelli >35 mm ate exclusively
amphipods (26 and II guts analysed, respectively). In drift algae, however, it is not likely
that amphipods constitute a limiting resource for G. robustum and S. scooelli; a 60o-g
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sample of drift algae collected by dip netting contained 6300 amphipods and an abundance
of possible alternative food items such as copepods, isopods, gastropods and juvenile shrimps.

Perhaps more important than living space or food availability is protection from predation
on G. robustum and S. scovelliby piscivorous fishes which occur in the Indian River (Gilmore,
1977). Among these species, G. robustum has been found in the guts of the grey snapper
Lutjanus griseus (Stark & Schroeder, 1971; P. H. Hastings, personal communication) and
of the spotted sea trout Cynoscion nebulosus (Springer & Woodburn, 1960; Tabb, 1961).
Both G. robustum and S. scovelliprobably are also consumed by other fish predators. Greater
.abundances of these fishes were found in .cages whic~ excluded large fish predators than
in uncaged controls (unpublished data), suggesting that abundance is affected by predation.
However, this response may simply be a behavioral response to cover; the intensity of
predation on G. robustum and S. scovelli has not been shown to be high.

Heck (1979) found seven times the invertebrate abundance in a temperate seagrass
community (with high algal biomass) than in a tropical seagrass community (with little or
no drift algae) and partially attributed this difference to the extra protection from predation
provided by the algal clumps. Increased habitat complexity is known to reduce predation
rates by fish on invertebrate prey (Vince et al., 1976; Nelson, 1979; Heck & Orth, 1980;
Heck & Thoman, 1981; Stoner, 1981, and personal communication), and we expect it
would similarly affect rates of predation by piscivorous fish on their prey.

At our Link Port site, in spite of the winter defoliation of the seagrasses, there is no evi­
dence of a concomitant decline in G. robustum and S. scovelliabundance, suggesting either
that drift algae, not seagrass, is the preferred habitat or that it is an equally acceptable
alternative habitat of these two fishes. Experiments are needed to separate the importance
of habitat preference, food availability, and predation in order to demonstrate why these
species are so abundant in drift algae. We suggest that increased drift algae biomass may
provide additional refuge for G. robustumand S. scovelli and may be responsible for the
observed relationship between fish abundance and drift algae biomass.

Acknowledgements

W. C. Magley helped with the repetitive seining. P. H. Hastings, K. D. Cairns, M. A.
Capone, R. G. Gilmore et al. helped with the drop net sampling. Helpful reviews of earlier
drafts of the manuscript were provided by I. M. Brook, A. W. Stoner, R. S. Jones and
R. G. Gilmore, who also allowed use of his unpublished data. E. E. Gallaher provided help
with analyses and interpretations.

References

Benz, M. C., Eiseman, N. J. & Gallaher, E. E. 1979 Seasonal occurrence and variation in standing
crop of a drift algal community in the Indian River, Florida. Botanica Marina ZZ, 413-420.

Brook, I. M. 1975 Some aspects of the trophic relationships among the higher consumers in a seagrass
community (Thalassia testudinum Konig) in Card Sound, Miami. Ph.D. Dissertation, University
of Miami, Coral Gables, Florida. 133 pp.

Cowper, S. W. 1978 The drift algae community of seagrass beds in Redfish Bay, Texas. Contributions
in Marine Science ZI, 125-I3Z.

Eiseman, N. J. & Benz, M. C. 1975 Marine algae of the Indian River. 1. Species of the algal drift
community collected from April 1974 to April 1975. Technical Report No. I, Harbor Branch
Foundation, Inc., Fort Pierce, Florida. 17 pp.

Gilmore, R. G. 1977 Fishes of the Indian River lagoon and adjacent waters, Florida. Bulletin of the
Florida State Museum, Biological Sciences 2.%, 101-147.

-.
,-.,
:;=

~
i
:<'. .~,
~,
.'
~

~:
~

digitstaff
Text Box

digitstaff
Text Box

digitstaff
Text Box



/

Fish abundance and drift algal bjomass 347

Gilmore, R. G., Holt, J. K., Jones, R. S., Kulczycki, G. R., MacDowell, L. G. & Magley, W. C.
1978 Portable tripod net for estuarine fish studies. Fisheries Bulletin 76, 285-289.

Gore, R. H., Gallaher, E. E., Scotto, L. E. & Wilson, K. A. 1981 Studies on decapod Crustacea from
the Indian River region of Florida. XI. Community composition, structure, biomass, and species­
areal relationships of seagrass and drift algae-associated macrocrustaceans, Estuarine, Coastal and
Shelf Science 12, in press.

Heck, K. L., Jr. 1979 Some determinants of the composition and abundance of total macroinvertebrate
species in tropical and temperate turtlegrass (Thalassia testudinum) meadows. Journal of Biogeog­
raphy 6, 183-200.

Heck, K. L., Jr. & Orth, R. J. 1980 Seagrass habitats: the role of habitat complexity, competition and
predation in structuring associated fish and motile macroinvertebrate assemblages. In Estuarine
Perspectives (Kennedy, V. S., ed.). Academic Press, New York, 533 pp.

Heck, K. L., Jt: & Thoman, T. A. 1981 Experiments on predator-prey interactions in vegetated
aquatic habitats. Journal of Experimental Marine Biology and Ecology (in review).

Heck, K. L., Jr. & Whetstone, G. S. 1977 Habitat complexity and invertebrate species richness and
abundance in tropical seagrass meadows. Journal of Biogeography 4, 135-142.

Hooks, T. A., Heck, K. L. & Livingston, R. J. 1976 An inshore marine invertebrate community:
structure and habitat associations in the northeastern Gulf of Mexico. Bulletin of Marine Science
26,99-109.

Nelson, W. G. 1979 Experimental studies of selective predation on amphipods: consequences for
amphipod distribution and abundance. Journal of Experimental Marine Biology and Ecology 38,
225-245·

Nelson, W. G., Cairns, K. D. & Virnstein, R. W. 1981 Seasonality and spatial patterns of seagrass­
associated amphipods of the Indian River Lagoon, Florida. Bulletin of Marine Science (in press).

Sokal, R. R. & Rohlf, F. J. 1969 Biometry. W. H. Freeman and Co., San Francisco. 776 pp.
Springer, V. G. & McErlean, A. J. 1961 Spawning seasons and growth of the code goby, Gobiosoma

robustum (Pisces: Gobiidae), in the Tampa Bay area. Tulane Studies in Zoology 9, 87-98.
Springer, V. G. & Woodburn, K. D. 1960 An ecological study of the fishes of the Tampa Bay area.

Florida State Board of Conservation Professional Paper Series I, 1-104.
Starck, W. A. & Schroeder, R. E. i971 Investigations on the grey snapper, Lutjanus griseus, Studies in

Tropical Oceanography No. 10. University of Miami Press, Miami. 224 pp.
Stoner, A. W. 1980 Abundance, reproductive seasonality and habitat preferences of amphipod crus­

taceans in seagrass meadows of Apalachee Bay, Florida. Contributions in Marine Science 23, 63-77.
Stoner, A. W. 1981 The influence of benthic macrophytes on fish foraging behavior. Journal of Experi­

mental Marine Biology and Ecology (in review).
Stoner, A. W. & Livingston, R. J. 1980 Distributional ecology and food habits of the banded blenny,

Paraclinus [asciatus (Clinidae): a resident in a mobile habitat. Marine Biology 56, 239-246.
Tabb, D. C. 1961 A contribution to the biology of the spotted seatrout, Cynoscion nebulosus (Cuvier)

of east central Florida. Florida State Board of Conservation Marine Laboratory Technical Series
35,1-22.

Vince, S., Valie1a, I., Backus, N. & Teal, J. N. 1976 Predation by the salt marsh killifish Fundulus
heteroclltus in relation to prey size and habitat structure: consequences for prey distribution and
abundance. Journal of Experimental Marine Biology and Ecology 23, 255-266.

Young, D. K., Buzas, M. A. & Young, M. W. 1976 Species densities of macrobenthos associated with
seagrass: A field experimental study of predation. Journal of Marine Research 34, 576-592.

Young, D. K. & Young, M. W. 1977 Community structure of the macrobenthos associated with
seagrass of the Indian River estuary, Florida. In Ecology of Marine Benthos (Coull, B. C., ed.).
University of South Carolina Press, Columbia. 467 pp,

Young, D. K. & Young, M. W. 1978 Regulation of species densities of seagrass-associated macro­
benthos: Evidence from field experiments in the Indian River estuary, Florida. Journal of Marine
Research 36, 569-593.

digitstaff
Text Box

digitstaff
Text Box

digitstaff
Text Box

digitstaff
Text Box




