Production of Some Benthic Communities
at Carrie Bow Cay, Belize
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ABSTRACT

The primary production of Thalassia testudinum,
mixed algae on coral rubble, and coral sand in
the vicinity of Carrie Bow Cay, Belize, was esti-
mated from in situ oxygen flux (by titrimetry) in
enclosed chambers. Thalassia beds were auto-
trophic, yielding a daily net production in the
range of 2.22-42.3 mg O; per square meter (ap-
proximately equivalent to 0.67-12.7 g C per
square meter). The other habitats were hetero-
trophic despite considerable microalgal develop-
ment, with a production/respiration ratio (P/R)
less than unity. Contribution by the phytoplank-
ton was negligible. Diurnal oxygen flux in open
waters over 7halassia beds was typical for similar
tropical areas.

Introduction

In tropical coastal waters, coral reef ecosystems
are generally considered to be highly productive
in contrast to plankton communities, whose pri-
mary production is quite low or even negligible
(Lewis, 1977; Milliman and Mahnken, 1969;
Sournia, 1969). The metabolism of coral reefs as
a unit has been the subject of numerous studies
beginning with Sargent and Austin (1949) and
Odum and Odum (1955). The remarkable fertil-
ity of reefs, their dynamic balance, and suscepti-
bility to environmental perturbation have often
been noted (see reviews by Lewis, 1977, and
Johannes in Wood and Johannes, 1975).

The plants responsible for primary production
in tropical coastal waters include mangroves, sea
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grasses, macroscopic algae, boring and epipelic
algae, zooxanthellae, and phytoplankton. The
relative importance of each group varies from
area to area, but except for special environments
such as enriched lagoons and upwelling areas
(Sournia, 1969; Steeman-Nielsen, 1975), the con-
tribution of phytoplankton is low. The techniques
of investigating primary productivity have varied
among investigators according to whether infor-
mation is required on the productivity of the total
community or its components, and according to
the facilities and methods available. In general,
chemical or polarographic measurements of oxy-
gen flux are sufficiently precise for nonplanktonic
biotopes, and these techniques have provided
considerable information on the metabolism of
tropical benthic communities (for instance, Lewis,
1977; McRoy and McMillan, 1977).

Reported here are results of production mea-
surements in several habitats at and near Carrie
Bow Cay, Belize. Topographic, oceanographic,
and ecological characteristics of the area are pre-
sented elsewhere in this volume.
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Methods
Oxygen flux was measured in three habitats:
seagrass beds ( Thalassia testudinum Banks ex Konig
with small amounts of Syringodium filiforme Kutz-

ing) at depths of 1 to 3 m on the lagoon side of
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Carrie Bow Cay; mixed algal communities on
coral rubble at depths of 0.5 to 1.0 m in. the
rubble and pavement zone behind the reef crest;
and coral sand at a depth of 1 m in the back-reef
zone. The coral rubble was composed of cobble-
sized pieces of coral mixed with sand and with
small (unidentified) filamentous, crustose, and
thallose seaweeds. The coral sand first seemed
devoid of organisms, but microscope examination
revealed considerable numbers of blue-green al-
gae, diatoms, Foraminifera with symbiotic algae,
filamentous algae, and a multitude of other rep-
resentatives of the micro- and meiobenthos.

Experiments were conducted over periods of
dawn/noon, noon/sunset, and 24 h cycles with
determinations at 1 or 2 h intervals, all during
April/May 1977 and January 1978. For compar-
ative purposes, the production of phytoplankton
was also assessed.

For each experiment three transparent and two
opaque polystyrene boxes of 500 cm® area were
inverted over the substrate. The edges were
pushed into the sediment to prevent leakage
around the margin of the container. Water was
withdrawn through sampling ports with a 50 ml
capacity syringe. The total volume of enclosed
water was 4.2 liters. For diurnal fluctuations in
oxygen and phytoplankton production measure-
ments, 300 ml biological oxygen demand (BOD)
bottles were used. :

Dissolved oxygen was measured titrimetrically
by the Winkler method, using phenylarsine oxide
(PAO) as titrant. PAO is superior to thiosulfate
in its longer shelf life and resistance to bacterial
decomposition, and produces results with com-
parable precision.

During the experiments water temperature
varied from 26° to 29°C (by mercury immersion
thermometer) and salinity varied from 34.4 to
35.2 %o (by Endeco refractometer type 102). As
much as possible, all experiments were conducted
on days that were cloud free, or nearly so.

Results and Discussion

Results of a preliminary experiment to deter-
mine the diurnal variation in dissolved oxygen in

the open water over a Thalassia bed are shown in
Figure 71. During predawn hours, characteristi-
cally, minimum oxygen concentrations are ex-
hibited. The subsequent rapid increase of dis-
solved oxygen reflects photosynthetic activity (as
light intensity increases). The daily oxygen max-
imum occurs at or somewhat after noon, at which
time minute streams of oxygen bubbles frequently
issue from some Thalassia blades. A gradual de-
cline in oxygen concentration occurs during the
rest of the day, becoming more pronounced in
the late afternoon. Minimum concentration is
again reached in the predawn hours. This pattern
1s typical and well documented, not only for
tropical seagrass communities (for instance,
Odum et al., 1959; Qasim and Bhattathiri, 1971)
but for coral reefs as well (for instance, Sournia,
1976a). For part of the day, the water is supersat-
urated, often in excess of 150%, with respect to
oxygen. Some consequences of these conditions
are discussed below.

Table 9 summarizes the production of the dif-
ferent communities. Oxygen data were converted
to carbon assuming a photosynthetic quotient
(PQ) of 1.25 (McRoy and McMillan, 1977; West-
lake, 1963). The standing stock of Thalassia blades
varied from about 34 to 126 g/m” dry weight,
with a mean of about 47 g. Other organisms were
not analyzed quantitatively.

Compared to published data for seagrass beds,
summarized in Lewis (1977) and McRoy and
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Ficure 71.—Changes over a 24-hour period in dissolved
oxygen over a Thalassia bed near Carrie Bow Cay, 28-29
April 1977.
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TaBLE 9.—Oxygen production of communities at Carrie Bow Cay, 26 April-5 May 1977, unless
otherwise indicated (gross and net carbon production assumes PQ = 1.25 (Westlake, 1963);
phytoplankton assumes 1 m water depth)
Production - 5 2
) ' (mg Og/mz/d) ol Production (g C/m”/d)
Trials Respuration
(n) Gross Net (mg Os/m*/d) P/R Gross Net
Thalassia beds 5 19.3-118.1 6.03-42.30 13.27-75.80 1.45-1.56 5.79-35.43 1.81-12.69
Thalassia beds 3 14.9-33.2 2.22-14.50 12.68-18.70 1.18-1.78 4.47-9.96 0.67-4.35
(Jan 1978) :
Mixed algae/ 3 60.0-94.3 -163.0--31.6 223.0-125.9 0.27-0.75 18.00-28.29 -48.90--9.48
coral rubble
Coral sand 2 79551079 -11.3, -32.1 86.8, 140.0 0.87, 0.77 220653237 -3.39, -9.63
Phytoplankton 2 0.48, 1.00 0.14, -0.07 0.34, 1.07 1.41, 0.93 0.14, 0.30 0.04, -0.02

McMillan (1977), the data for Thalassia at Carrie
Bow Cay fall within previously noted ranges for
gross and net production. The standing stock is
rather low compared to several other localities in
the Caribbean and Gulf of Mexico (refer to table
1 in McRoy and McMillan, 1977). In contrast to
some 7halassia habitats in Puerto Rico (Odum et
al., 1959), in the present case all measurements
indicate a consistently autotrophic community,
that is, ratio of production to respiration (P/R)
in excess of 1. The wide range in measurements,
in part attributable to density variations in Thal-
asstza and seasonal differences, make extrapola-
tions to an annual production uncertain. For
comparative purposes the mean production for
all Thalassia measurements may be estimated at
1800 g C/m?®/y net production. This amount is
higher than those reported from seagrass beds in
Puerto Rico (Odum et al., 1959), but consider-
ably less than those reported from Cuba and
Florida (Buesa, 1972; Odum, 1957, 1963).

Differences in production were noted between
late spring and winter. The extent to which these
differences are significant in unknown because of
the small number of replicates analyzed. Such
variables as photoperiod (Marmelstein et al.,
1968) and water temperature (citations in McRoy
and McMillan, 1977) affect Thalassia production
and add to the uncertainty of annual rate com-
parisons based on extrapolation.

A considerable area of the back-reef zone at
Carrie Bow Cay consists of coral rubble and

pavement rock overgrown with a variety of small
but conspicuous filamentous and thallose algae.
Despite a gross production generally exceeding
that of the Thalassia beds (Table 9), the commu-
nity as a whole is heterotrophic, having a P/R
less than 1. This habitat harbors a diverse and
abundant fauna of burrowing invertebrates that
contribute to the high community respiration.
Grazing effects of fishes and large invertebrates,
not considered here, are probably also significant
in the consumption of primary producers (Marsh,
1976). The relative contribution of microalgal
species in this habitat has generally been ne-
glected, although Qasim et al. (1972) reported
net production rates of 365-800 g C/mz/y for
similar types of algae from the Laccadive Archi-
pelago. Overall, the algal oxygen production in
this habitat is less than oxygen consumption by
herbivores and other animals.

Although the extensive coral sand areas north
and northwest of Carrie Bow Cay appear to have
few plant producers, microscopic examination
revealed large numbers of benthic pennate dia-
toms and filamentous blue-green algae (or cyano-
bacteria), smaller numbers of Foraminifera with
apparent endosymbiotic algae, and large num-
bers of micro- and meiobenthos metazoans. Con
munity respiration slightly exceeded gross p
duction, with P/R less than 1 (Table 9), although
this habitat was closer to an autotrophic condi
tion than the rubble-pavement habitat. The con-
tribution of bacteria to community respiration
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was not evaluated but it may be significant (see
for instance, Edwards, 1978). The gross produc-
tion approached that of the Thalassia beds, and
therefore indicated the high photosynthetic activ-
ity here.

That such sand areas are not necessarily het-
erotrophic has been convincingly demonstrated
by Sournia (1976b). Extensive development of
the blue-green alga Oscillatoria limosa in sand at
Moorea Island lagoon was responsible for an
average gross production equivalent of over 6000
mg Os/m”/d with P/R = 1.5-3.0, a highly au-
totrophic habitat. Although blue-green algae are
not abundant at Carrie Bow Cay, the potential
contribution of coral sand areas should not be
ignored in calculations of production in reef areas.
Under some circumstances Foraminifera with en-
dosymbiotic algae may dominate coral sands.
Sournia (1976a) described sands from Takapota
Atoll with a net production of 115-354 mg
02/m>/h (= 43-133 mg C/mg/h) and with pop-
ulations consisting primarily of Foraminifera with
endosymbionts. Small numbers of these protozoa
were also present in sands at Carrie Bow Cay, but
pennate diatoms dominated as primary pro-
ducers.

These sands could potentially assume the au-
totrophic role that Sournia (1976a) described. A
minor perturbation in the environment of orga-
nisms already under natural stress (by light and
temperature thermal, among others) may shift
community composition to one of low density
consisting of eurytolerant species (Wood and Jo-
hannes, 1975). Several different species of blue-
green algae, which certainly qualify as eurytoler-
ant, can be observed in the sands of Carrie Bow
Cay. Coral sand habitats have been largely ne-
glected by ecologists, so that it would be useful to
stress them experimentally in various ways in
order to determine whether and how their trophic
status is modified. Perturbation in the form of
nutrient enrichment was attempted in one micro-
atoll, resulting in significantly increased produc-
tion (Kinsey and Domm, 1974).

As expected, the production of the phytoplank-
ton was very low, and near the limits for accuracy

of the technique used (Table 9), supporting the
conclusion that phytoplankton in the vicinity of
coral reefs contribute a negligible amount to net
production (Milliman and Mahnken, 1969; Sour-
nia and Ricard, 1976). Although such shallow
areas generally have, in addition to the normal
complement of typically planktonic forms, a
higher number of benthic diatoms swept into the
water column by turbulence, net production re-
mains negligible. For offshore Caribbean waters
net production can be higher or lower than in
reef areas, depending on locale. Beers et al. (1968)
found 0.03-0.28 g C/m®/d offshore from Ja-
maica; Steeman-Nielsen and Jensen (1957) found
0.14 and 0.19 g C/m®/d in the south-central
Caribbean Sea. In contrast, Ricard (1977) found
higher production in the lagoon than in the open
ocean at Tahiti, but the converse was true at
Lakeba lagoon. Higher productivity is unques-
tionably possible under localized enriched con-
ditions (Gordon et al., 1971; Margalef, 19753).

The limitations of technique and procedures
used in this work deserve brief mention. Produc-
tion in tropical benthic communities has been
studied in several ways: by flow respirometry,
which measures changes in the flux of carbon
dioxide or oxygen (upstream-downstream); by in
situ light/dark bottle methods using oxygen flux
(titrimetric and polarographic) and various radio-
active tracers; and by direct measurement of
changes in standing stocks. All these methods are
subject to errors and various assumptions (for
discussion, see Lewis, 1977; Sournia, 1976¢; Vol-
lenweider, 1974) that will not be examined here,
except to note that the technique used here ap-
pears to be satisfactory for benthic habitats. Un-
questionably, accuracy decreases in the case of
water supersaturated with oxygen; similarly, res-
piration of animals is affected by reduced oxygen
levels. Recycling of oxygen in lacunae of Thalassia
blades is another potential source of error (Hart-
mann and Brown, 1967).

The accuracy of conversion of oxygen flux to
its equivalent carbon varies widely depending on
the photosynthetic quotient assumed. This cre-
ates a problem in comparing the production rates
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calculated by different authors. Photosynthetic
quotients ranging from 0.86 to 3.00 are possible.
This work follows Westlake (1963) in the assump-
tion that PQ = 1.25 is valid for natural tropical
communities in favorable conditions.

Two important sources of tropical primary pro-
duction have not been considered here, namely
the coral zooxanthellae and the larger seaweeds.
The complex role of the former in reef trophic
structure has been discussed by Lewis (1977) and
Marsh (1976) among others, and the contribution
of zooanthellae at Carrie Bow Cay is certainly
worthy of investigation. Under some conditions
the larger seaweeds contribute significantly to
primary production, even more so than Thalassia
beds (Doty, 1971; Wanders, 1976), but their de-
velopment around Carrie Bow Cay is not exten-
sive.

Conclusions

Of the benthic habitats investigated at Carrie
Bow Cay, Thalassia beds were most productive,
yielding a maximum gross production of 35.4 g
C/m?/d and a maximum net production of 12.7
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g C/m?/d. Coral sand habitats and mixed algae
with coral rubble habitats were heterotrophic in
nature, despite considerable algal development.
Net production by phytoplankton was negligible.
The diurnal oxygen content of water flowing over
Thalassia beds fluctuates in a manner typical of
similar habitats previously described.

Given the problems inherent in comparing a
wide variety of techniques and procedures, the
pattern of primary production at Carrie Bow Cay
is typical of similar tropical areas.

Addendum

Since the writing of this contribution three
pertinent papers have appeared. Two center on
reef community metabolism elsewhere in the Car-
ibbean (Puerto Rico, U.S. Virgin Islands) and
also employ the Winkler method for oxygen de-
terminations (Rogers, 1979; Rogers and Salesky,
1981). The third deals with primary production
by microalgae in North Sea sediments comparing
various techniques, including platinum electrode
measurements that allow recording of dissolved
oxygen microprofiles (Revsbech et al., 1981).
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