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Abstract

Over 380 stable carbon isotope (0 1 3
(') analyses made

during 1981-82 showed that Syringodium filifonne Kutz
seagrass meadows in the Indian River lagoon of eastern
Florida have food webs based on algal rather than
seagrass carbon. Seagrasses averaging approximately -8000
were isotopically distinct from algae epiphytic on sea
grass blades (x = -19.3%0) and particulate organic matter
in the water column (x = -21.6%0). 01 3C values of most
fauna ranged between -16 and -22%0. as would be
expected if food web carbon were derived solely from
algal sources. These results counter the idea that seagrass
detritus is the dominant carbon source in seagrass eco
systems. Two factors that may contribute to the low
apparent importance of seagrass in the study area are
high algal productivities that equal or exceed S.[iliformc
productivity and the high rates of seagrass leaf export
from meadows.

Introduction

Seagrasses are highly productive plants and are thought
to be an important dietary carbon source for many grass
flat animals via a detrital food chain (Petersen and
Boyson Jensen. 191L Thayer et al., 1975). In some grass
flats. however. productivity of algae gwwing on seagrass
blades can equal or surpass that of seagrasses (Heffernan
and Gibson. 1983: M. Morgan. personal communication).
raising the possibility that epiphytic algae may be im
portant food resources in these grass flats. This suspicion
is reinforced by observations that epiphytes are often
preferred over detrital seagra~se~ b~ graS\ flat gralL'r~

(Zimmerman et al.. 1979: Morgan. 1980: Lobel and
Ogden. 1981).

* Present address: Department of Biology. lordan Hall 142. In
diana University: Bloomington. Indiana 47405. USA

Several stable carbon isotope studies have been made
in seagrass meadows to try to define which plants are im
portant carbon sources for the abundant grass flat con
sumers (Parker. 1964: Thayer et al.. 1978: Fry and Parker.
1979: McConnaughey and McRoy. 1979b: Fry et al..
1982. 1983). These studies have generally shown that
benthic plants. and not water-borne phytoplankton. supply
most of the carbon for consumers in grass flat food webs.
However. because of considerable similarity in the
isotopic composition of seagrasses and some benthic
algae (Fry et al.. 1982). it has not been possible to dis
tinguish further which benthic plants are the most im
portant carbon sources. The question of benthic algae
versus detrital seagrasses as the basis of grass flat food
webs thus remains open.

During 1981-82. I used the 01 3C methodology to in
vestigate carbon flow in meadows of the seagrass Svringo
dium filiformc located in the Indian River lagoon on the
east coast of Florida. Initial measurements showed that
S. filiforme isotopic values ditTered distinctly by about
1()o-iJo from values of algal epiphytes and phytoplankton:
accordingly. I determined o13 C values of grass flat fauna
to establish the importance of seagrasses versus algae for
consumers. Grass flat flora and fauna were sampled three
times during one year to determine possible seasonal
fluctuations in isotopic values. Animals were also col
lected in several nearby areas to show isotopic val ues
where phytoplankton are the major primary producers
(onshore). where terrestrial plants could contribute
heavily to food webs (a mangrove island). and where
terrestrial materials arc carried into the lagoon by run-ofT
(Taylor Creek. an irrigation drainage canal).

Study area

Figure I shows the general study area on the east coast of
Florida. Aerial photography and ground inspections have
established the presence of extensive Svringodium fili-
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[orme meadows throughout the depicted portion of the
Indian River lagoon (Thompson. 1978). Two study sites (A
and B) were established in a large S.fi/~rormc bed near the
lagoon's center and one site (C) about 50 m from western
shore grass flats studied by other Harbor Branch per
sonnel (e.g. Heffernan and Gibson. 1983). The sites were
censused again by aerial photography in February. 1982:
dotted lines (Fig. I) show approximate outlines of the
grass flats. The grass flats are not uniformly vegetated but
rather possess interdigitated sand patches oriented ap
proximately east-west. Grass bed samples were collected
within grassy areas which were elevated up to 20 em over
adjacent bare areas: in both study areas. seagrass cover
extends over about 700; of the bottom. The meadows are
moderately dense. as mean values for below- plus above
ground S. [iliformo biomass during the study period
ranged from 175 to 350 g dry wt m -2 at sites A and B. and
from 60 to 110 g dry wt m ? at site C Mangrove stands
are present along shorelines and on some islands in the
study area: however. the extent of these stands has been
sharply reduced through impoundment as part of a
mosquito control program started in the 1940s.

Material and methods

Animals were collected with seines. trawls. unbaited
traps. and coring devices. Plants were picked by hand or

B.Fry: "C! I2C ratios and the trophic importance of algae
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Fig. 1. Study area in the Indian River lagoon.
Florida. A-C = seagrass study areas: dotted lines show
approximate extent of seagrass meadows. M = man
grove ovcrwash island (Table 3). Numbers indicate
collection stations listed in Table 4. Stations 4-13
are in the Intracoastal Waterway. a dredged channel
running the length of the lagoon. Stations I and 2
are buoys; stations 14-18 are located In Tavlor
Creek. an irrigation drainage canal outflow •

from cores: black and brown plant debris was obtained
after sieving sediments from cores through a l-mrn mesh
screen. and removing live plants. The remaining debris
was separated from abundant shell material by agitation
and flotation: debris consisted primarily of decaying sea
grasses. Spiochaetopterus sp. polychaete tubes. and varying
amounts of terrestrial sticks, leaves. pine cones. etc.

Preparation of samples for isotopic analyses included
the following procedures. (I) Sediments were collected
by hand from the top 1-2 ern of the sediment surface.
dried. sieved through a 0.5-mm screen to remove large
shells. and then acidified with 2 M HCI until bubbling
ceased. Samples were then evaporated to dryness in glass
dishes. (2) Epiphytes were gently scraped from freeze
dried seagrasses. acidified. and then evaporated to
dryness. Epiphvtc samples were primarily composed of
plants. although minor amounts of small epifaunal animals
were also included by this isolation procedure. (3) Clean
Svringodium [iliformc leaves were obtained by rubbing off
epiphytes after freeze-drying and then scraping off re
maining epiphytes in a mild acid bath. Leaves appeared
epiphyte-free under a dissecting microscope foll()\',ing
this treatment. (4) Particulate organic carbon (I'OC)
samples were collected by filtering 0.4-1.0 I of water col
lected within the seagrass canopy. or slightly above it.
through precombusted (4 h. 450°C) glass fiber filters.
Filters were acidified briefly in watch glasses. then dried.
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Fig. 2. Svringodium [iliforme o13e histogram of plants. sedi
ments. and fauna collected in Indian River lagoon S. [iliform«
seagrass meadows. Most samples are composites. May samples
(Table 4) not included

replicate animal samples were collected per site to allow
testing for significant differences between sites. and
animal data from the three sites are treated together.)

Animal ol3 C values usually fell between -16 and
-22%0 and resembled isotopic values of epiphytes. POc.
DOC. and sediments rather than the -6 to -90100 Svringo
diumfiliforme (Fig. 2; Table 2). Compared to the -18 to
- 22%0 values commonly found in filter-feeders (barnacles.
mussels, oysters. and tunicates) and leaf epifauna (isopods.
arnphipods. and the gastropod Bittium variums, the -15 to
-18%0 o13 C values of some of the more generalist feeders
(fish. shrimp. and polvchaeres) were shifted slightly
toward the -6 to -9lloo seagrass values. Seven samples of
large 60-120 mm total length Lagod,», rhomboidcs pinfish
collected in October had ()1'C values of -13.4 to ~ 15.4000

and. compared to other fish. showed the greatest shift
toward seagrass values (Fig. 2; Table 2).

To assess possible carbon inputs from mangroves that
grow on the shores of the lagoon. plant and animal
samples were collected from the interior of a small
mangrove island .~ 4 km south of the main study area (see
Fig. I). No animals had Ol3C values as negative as the
-27.5 to -29%0 values of mangrove leaves (Table 3). The
most negative -24.5 to -25.4%0 mean values were found
for Uta rapax crabs and Mclampus coffeus gastropods.

Results

Dissolved organic carbon (DOC) remaining in the filtrate
was oxidized to CO2 with potassium persulfate according
to the procedure of Calder and Parker (1968) by Dr. P. L.
Parker. (5) Small animals were held alive for 12-24 h to
allow evacuation of gut contents. then killed by freezing.
Larger animals. especially fish. were frozen directly and
muscle tissue dissected out for isotopic analyses. (6)
Zooplankton were collected at night with a 0.2-mm mesh
net in lO-min tows; size classes were separa ted by reten
tion on 3-mm. l-rnrn. and 0.2-mm mesh screens. Debris
samples, barnacles. molluscs. and crustaceans with car
bonate-containing exoskeletons or shells were treated with
acid to remove carbonates. then dried. Samples were
homogenized using mortar and pestle or a Wiley mill;
with few exceptions (polychaetes, crabs. Melampus sp.
gastropods. and some bivalves), all seagrass and animal
samples were composites of at least five individuals.

Isotopic determinations were performed at Port
Aransas. Texas. where dried samples were cornbusted to
CO2 gas at 590 DC in sealed Pyrex tubes (Sofer, 1980). then
analyzed using a Micromass 602 E isotope ratio mass
spectrometer. Results are corrected for 18 0 contributions
and are expressed in ol3C notation relative to the inter
national PDB standard (Craig. 1957) where

013C=[(R,amplc/R,tandard)-ljX 103 and R=13C/ 12C.

Replicate analyses showed that results were generally
precise within a ± 0.3%0 range.

Svringodium [iliformc consistently had b l 3C values 9 to
13°1<J0 less negative than other plant food resources in the
Indian River study area (Fig. 2: Table I). S filifornu:
leaves averaged significantly more negative than rhizomes
(mean difference = 2lloo: P < 0.001, paired Student's t

test). possibly due to surface contamination of leaves by
microscopic epiphytes not removed during sample
preparation. While epiphytes. POc. DOC. and sediments
had fairly negative -16.9 to -23.9%0 average ol3C values
(Table I), the -13 to -14lloo isotopic values for the debris
samples sieved from cores more closely resembled the -6
to -9%0 S [iliforme values (Table I). Spiochaetopterus sp.
polychaete tubes (average 013C = -16.4; Table 2) and ter
restrial materials in the debris samples probably account
for the discrepancy between live S. filiformc and debris
isotopic values: measurement of a mangrove twig col
lected in one core ga\e a 26.001<Jo value.

Seasonal changes in some plant o13 C values were
evident in the Indian River study area. Mean values for
POc. epiphytes. and Syringodium filiforme leaves and
rhizomes were significantly more negative in October
than in February (P <0.05. Student's r-test: Table I):
mean ()13C values of POC and S. filiformc leaves were abo
significantly more negative in August than in February
(P <0.05. Student's r-test: Table I). However. between
site differences were not significant for seagrass and POC
collections where replicates were collected. (Too few
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Table 1. D"C values (%0) of plants collected in the Indian River lagoon. Values are x± SD (n) Tabll

Sample

Svringodium [iliformc rhizomes

S [iliforme leaves

Dead plant debris"

S. [iliforme epiphytes

Particulate organic earbon

Dissolved organic carbon

Sediments

a From cores, retained on I mm mesh screen

Oetober 1981

- 7.5
±0.8 (9)
- 9.2
± 14(3)

-13.2
± 1.6 (9)

-221
± 1.9(6)

-23.9
± 24(9)

-22.3
± 0.6 (3)

February 1982

5.9
± 0.5 (9)

- 7.1
± 0.6 (13)

-134
± 5.5 (9)

-16.9
± 0.8 (5)

-20.1
± 0.8 (7)

-17.2
± 0.2 (9)

August 1982

- 6.3
± 0.6 (6)

- 94
± 0.8 (6)

-13.5
± 2.1 (6)

-184
± 1.6 (5)

-21.1
± 0.1 (6)

- 17.7
± 0.2 (6)

Sam]

Fish
AI
Bt
C'/
G(

LI

M

H

Po!;
13

L

Table2. o"e values (%0) of animals collected in the Indian River lagoon. Values are x± I SD (n). All
samples, exeept polychaetes. are composites

Sample

lsopods
Cvmodoce[axoni

Erichsonella attenuata

October 1981 Fcbruarv 1982 August 19R2

Bri

-23.0 ·-17.8 (I) -18.5
± 0.8 (3) ±0.6(3) Ba'

-198 - 184 (I) -17.0 €

± 0.2 (2) ± 1.3(3) Tu

-16.1 -19.0 (

± 04(5) ±1.0(3) IJ
-18.3 -19.0 S
± 0.1 (2) ± 1.1 (3) ;\

16.0 17.0
± 04 (3) ± 0.8 (2) L

-16.7 -18.6 (

± 04 (5) ± 0.3 (3) I

-17.7 -18.3 (I) I

± 0.1 (2) (

Amphipods
A mphit hoe !ol1gimano

Crl1UUlliSO complll

Gammarus mucronatus
Grandidicrclla bonnicroidcs
Melita appcndiculato
Melita elongata

Gastropod
Bittium varium

Bivalves
Chione cancellata

Crassostrea virginica

Ensis minor
Mcrcenaria mcrccnaria

Mvtilus cdulis

Shrimp
A lpheus sp.

Hippolvtc pleuracanthus

PaIIlCI1IO//ClcS sp.

Penacus duorarum

Tozeuma carolinense

-231
± 0.6 (4)
-18.8 (I)

-20.5 (I)

-18.8 (I)

- 18.7
± 0.6 (6)

-20.5
± 05 (1)

- 18.7
± 09 (3)

- 19.6 (I)

-16.2
± 1.7(5)
-21.2
± 07 (3)

19.0
± 2.0 (2)
-19.1
± 1.2(6)
-18.5
± 2.2 (3)

-19.8
± 14 (2)

19.6
± 0.7 (5)

-18.3
± 0.5 (3)

- 18.0
± 0.6 (2)

- 11.3 (I)

- 19.8
± 1.0(3) wI

nc

-194 (1) «
-16.3(1) III

se

-18.7
± 0.1 (3) St!

Ie

T:
U

digitstaff
Text Box



H. Fry: "CI I2C ratios and the trophic importance of algae

Table 2 (continued)

Sample

Fish
A nchoa mitchelli
Bairdella rhrvsura
Cvnoscion nebulosus
Gobiosoma sp.

Lagodon rhomboides

Monocanthus hispidus

Syngnathus scovelli

Svngnathus louisianae

Hippocampus sp.

Polychaetes
Brachioaschyis americana

Diopatra cuprea

Melinna maculata

Spiochaetopterus sp. tubes

Other

Brillie stars

Barnacles (mostly Balanus
eberneusi

Tunicate
Stevla plicata

October 1981

-18.2 (I)
-18.0 (I)
-19.5 (I)
-18.1
± 0.8 (3)
-14.4
± 0.7 (7)
-16.2
± 1.4 (5)
-18.4
± 1.8 (3)
- 19.3
± 1.3(3)
-18.R (I)

-16.9
± 0.8 (2)
-16.3
± 1.4 (5)
-17.6
± 1.1 (2)
- 16.4
± 0.2 (3)
-16.2
± 1.5(4)

-188
± 0.6 (2)

-19.6
± 0.8 (4)

February 1982

-17.6
± 0.2 (2)

-18.0
±0.4(4)

-16.3 (I)

- 16.4
± 0.4 (9)

-14.8
± 0.4 (9)

-IR.6
± 1.1 (8)

-21.2
± 0.3 (2)

August 1982

- 17.6
± 0 (2)

15

which may have been confined to the island. Less
negative -16 to -21.7%0 values were found for small fish
« 40 mm) which may enter and leave the periodically
inundated island. Filter feeding Geukensia demissa mus
sels showed no isotopic evidence of assimilating -27.5 to
-29%0 mangrove material as their -20.4%0 mean value was
similar to the -18 to -20.5%0 val ues of most bivalves col
lected in grass flats (Table 2).

Table 3. onc values (%0) in a tidallv inundated mangrcl\e island
(August. 1981)

()J3(" Range
x. (n)

To determine possible carbon inputs from terrestrial
run-off to lagoonal grass flats. samples were collected
along a gradient from freshwater dam sites in brackish
Taylor Creek through the lagoonal grass flats to offshore
waters. While more negative -22.8 to -29.0%0 values were
found in barnacles collected near dam outflows at
stations 16-18 in Taylor Creek, the POc. barnacle. and
zooplankton samples collected offshore and in the
lagoonal grass flats had similar 013C values of -16.4 to
-19.6%0 (Table 4). Close-interval sampling from the
lagoon up Taylor Creek showed a strong isotopic gradient
in barnacle sam ples of - I7 to - 2')%0 within a l-krn
distance (sta tions 5. J4. 15. and 17: Ta hie 4 and Fig. I).

Discussion
Green leaves. Rhizophora mangle
Black leaves. Rhizophora mangle
Sediment
Melampus coffeus. gastropod flesh

feces
Vca rapax. fiddler crab
Geukensia demissa, mussel
Fundulus grandis, killifish
Poeci/ia latipinna. sailfin molly
Cyprinodon vanegatus, minnow

-29.0
-27.5
-26.2

25.4(6)
27.7

-24.5(3)
-20.4 (3)
-20.5(5)
-18.9 (3)
-16.0(1)

- 24.8 to - 20.9

-23.7 to -25.0
-20.1 to-20.7
-18.3 to -21.5
-14.8 to -2 J.7

In this study. 013C values of a wide variety of grass flat
consumers showed little similaritv to the -6 to -9%0
values of the dominant .\ll'll1glldiu/II lililllll//(' seagrass.
indicating that few animals are specialist feeders on
Stfiliforme. Laboratory feeding experiments (DeNiro and
Epstein. 1978) and field studies (Fry CI 01., 1978; PeteIle
et 01.. 1979) have shown that on the average. animals are
slightly enriched in 13C (have less negative 013C values)
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16 B. Fry: DC I 12C ratios and the trophic importance of algae B

Table4. b13 C values (%0) of POe. barnacles. and zooplankton
along an estuarine-offshore transect. April 28- May 5. 1982; station
locations shown in Fig. I

I Balanus tintinnabulum
Lcpas aliaII/In]

3 Station 3 was located about 24 km ENE of station 2 (Fig. I) on a
bottom marker at 33 m depth

4 Balanus sp.
s Collected 51 II 182 in the florida Current approximately 20 km

east of the estuarine study area
6 Balanus eberneus .
, Balanus improvisus

relative to their diets by about 0.5 to 1.0%0. Also. analyses
of offshore consumers show thai cumulative 13(' enrich
ments occur in marine food webs as 01 3

(' values of top
carnivores are commonly 4-6%0 less negative than 0l3('

values of POC (McConnaughey and McRoy. 1979a; Fry.
1981: Rodelli. 1981). These results suggest that animals
feeding in estuarine food webs should han: 013C values
near or somewhat less negative than their diets. It is there
fore striking that the -16 to -22%0 range observed for most
grass flat animals in this study coincides with the iso
topic range expected if the -17 to -24%0 PO(' and epi
phytic algae were the sole important carbon sources for
animals in these grass flats That animals primarily rely on
epiphytic algae and POC in these grass flat food webs
seems reasonable for at least two groups: epifaunal iso
pods. arnphipods, gastropods. and shrimp that are known
to feed heavily on seagrass epiphytes (Zimmerman et at..
1979; Morgan. 1980; Howard. 1982: Montfrans et al..

0.2 ~ 1.0 mm I - 3 mm > 3 mm

e1982). and filter-feeding bivalves. barnacles. and tunicates
that utilize pac. In addition. Virnstein ct al. (1983) have
shown that epifauna are important trophic links in Indian
River lagoon grass flats. as (I) epifaunal abundances are
on average 13 X greater in grass beds than in unvcgctated
sand. and (2) epifauna are more heavily preyed upon than
infauna. The isotopic results support the concept that
epifauna are important trophic intermediates in these
grass fla ts.

The -16 to -22%0 01 3C values of most consumers in
these Florida grass flats are significantly more negative
than the -6 to -15%0 013

(' values commonly found for
animals in other tropical and sub-tropical grass flats
(Craig. 1953; Parker. 1964; Fry and Parker. 1979: Fry
et at.. 1982. 1983). This difference is most clearly related
to the more negative 01 3

(' values of seagrass epiphytes in
the Indian River lagoon. The .. 17 to -22%0 epiphyte values
are much more negative than the -10 to -14%0 values of
epiphytes in other locations. whereas isotopic values of
PO(' and seagrasses are fairly constant across locations.
The reasons for epiphyte 61 3

(' variation are poorly under
stood but may be related to species composition and
hydrodynamic details of ('0 2 diffusion near plant sur
faces (Osmond et at.. 1981). Benthic microflora on sedi
ment surfaces are also potentially important food re
sources in grass flats. Previous studies of mud flats and
Spartina altemiflora marshes show that 013

(' values of
such algae may vary from at least -12.4 to -18.5%0
(Haines. 1976: Incze et al.. 1982: Schwingharner et al.,
1983). Isotopic values for these algae have not been
measured in seagrass meadows but may vary across loca
tions as do epiphyte 013

(' values. In sum. in grass flats where
epiphyte 013

(' values are significantly more negative than
seagrass 61 3C values (Thayer ct at.. 197X: this studv),
animal 013

(' values resemble epiphyte rather than seagrass
values. In other meadows where epiphyte values more
closely resemble seagrass values (e.g. Fry CI al., 1982).
0l3(' values are less diagnostic for the importance of
epiphytes. but it can be noted that animal 013

(' values are
near those expected if epiphytes and other benthic algae
were the major carbon sources in grass flat food webs.

A basically different food web explanation for the
Indian River results is that grass flat animals consume a
mixture of -6 to -%xl Syringodium filiformc and other
plant foods with very negative isotopic values Such
foods available in the lagoon are ~27 to --29"00 mangroves
(Table 3) and-26 to -29%0 C\ terrestrial plant materials
introduced hy river run-off. Consuming a mi xturc or

S.jilijiJrlllc and these plants could lead to the -16 to
-22%0 values of the grass flat fauna. However. both
barnacle and pac data suggest that this explanation is
unlikely. First. isotopic values for harnacles and PO('
were very similar offshore and in grass flats (Table 4). so
tha t little Isotopic in tl ucncc or ci th cr S ..Iit~j; irmc or
mangrove carbon was discernable in the grass flats.
Secondly. close-interval sampling near the outlet of

Taylor Creek (Fig. I) showed that the isotopic influences
of upland run-otT ended abruptly where Taylor Creek

~ 16.2

-170

~ 16.8

~ 17.5

~ 17.9

.. 19.1

-17.9
.. 17.7

- 20.3

.. 18.3
-19.5

.. 19.0'

~ 18.8
~ 18.6
··17.6

Barnacles Zooplankton

- 16.9'
~16.4'

~ 17.5'
~ 18.6'
- 16.9 4

-20.18

2 ~ 19.7

3'

(2) Sea grass meadow
9 -19.0 6

10 ~18.5"

II - 193 6

12 -19.2 6

13 - 18.8 6

(C) Taylor Creek (irrigation drainage canal)
14 -20.5'
15 -22.8'
16 ~22.8'

17 -29.0'
18 -28.8'

(B) Indian River lagoon

(J) Cham el. Intracoastal Waterway
4 -20.2 -17.6' -18.8
5 .. 17.16

6 -19.5 ~ 17.9 6

7 ~20.4 -18.7 6

-19.6 6

-18.6 6

Station POC

(A) Offshore
I -18.2
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B.Fry: D(! 12C ratios and the trophic importance ofalgae

entered the lagoon (i.e. the -17.1%0 barnacle value at
station 5 within 50 m of Taylor Creek outlet was very
similar to other -16.4 to -19.Moo 013C values of offshore
and lagoonal barnacles: Table 4). Previous studies of
organic mailer in sediments near the mouths of small
rivers or lagoons agree with this result as abrupt isotopic
changes commonly occur over short distances in such
locations (Hunt, 1970: Fry et al., 1977). While it remains
"possible" that the -17 to -21%0 isotopic values commonly
observed in barnacles and POC are a result of a near-equal
mixture of S. [iliforme carhon with terrestrial or mangrove
carbon, this seems unlikely since isotopic effects of up
land run-off and mangrove stands are largely confined to

shoreline areas.
Several other hypotheses. also applicable to seagrasses.

have been advanced in conjunction with salt marsh
studies to explain similar wide isotopic discrepancies be
tween 013C values of a very productive vascular plant
(Spartina alterniflora) and the more negative 013C values
of abundant local animals. These are: (I) plant isotopic
values shift during decay: (2) bacteria important in
processing detrital vascular plants have 013C values that
do not closely reflect 013C values of the vascular plants:
and (3) consumption of even small amounts of sulfur
oxidizing bacteria that have very negative 013C values
could lead to large food web shifts toward more negative
values. A fourth possibility is that vascular plant detritus
is. in fact. a fairly unimportant carbon source in estuarine
food webs. Upon closer examination. the first three of the
four hypotheses do not adequately explain the isotopic
results observed in this study.

Hvpothcsis I. Controlled Spartina alterniflora degradation
experiments (Haines. 1977: Schwinghamer ct al., 1983)
and field data comparing live green and dead hlack sea
grasses (Thayer et al., 1978) show that bulk plant material
undergoes little isotopic change « 1%0) during decom
position. Animals assimilating such decaying material
would therefore closely reflect o13C values of live plants
(DeNiro and Epstein. 1978).

Hypothesis 2. Bacteria cultured on a variety of simple
carbon substrates show 0 13C values generally within
± 2%0 of their growth substrates (Abelson and Hoering.
1961: Ingram et al.. 1973: Manson and Hayes. 1982: Ivlev
et al., 1982). Photohctcrotrophic growth experiments of
Barghoorn et al. (1977) are an exception in that some dif
ferences of up to 60

00 were found between bacterial
biomass and the carbon substrate, although Barghoorn
et at. (1977) attributed this discrepancy to possible iso
topic heterogeneities in the succinate used. Since bac
teria generally have similar 01 3C values to their carbon
growth substrates. an intermediate hacterial link in
detrital food chains should not significantly shift isotopic
values of higher-level consumers. Controlled feeding ex
periments substantiate this idea. Polychaetes grown on
decaying Sparlina alterniflora (Haines and Montague.
1979) and amphipods grown on various decaying sea-
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grasses (Zimmerman and Fry. in preparation) show little
evidence for isotopic alterations in food chains as animal
01 3C values are within ± 2%0 of plant 013C values.

Hvpothesis 3. White bacterial mats. probably composed
of colorless sulfur-oxidizing bacteria. were occasionally
observed at the sediment surface in the lagoonal grass
flats. Peterson et al. (1980) have hypothesized that these
chemoautotrophic bacteria have 01 3C values near ~33%o

and may he a significant carbon source in estuarine sedi
ments where vascular plants undergo rapid anaerobic
decay. However. recent isotopic measurements of such
bacteria show 01 3C values of -21%0 (Spies and DesMarias.
1983) instead of -33%0. Animals consuming seagrasses
and small amounts of these bacteria should exhibit only
a small shift toward -20%0 values. Although this sediment
linked food resource may be important for polychaetes,
which had -16 to -18%0 average values (Table 2), it
should be much less available and hence less important
for filter feeders and leaf epifauna.

Hypothesis 4. In summary. the low -18 to -22%0 isotopic
values of filter-feeding barnacles. bivalves. and epiphyte
grazers in the grass flats are not easily explained hy en
hanced terrestrial inputs or peculiar isotopic fractiona
tions associated with bacterial processing of seagrass
detritus. The simplest explanation for these -18 to -22<\00
values remains that Svringodium filiformc detritus is. In

fact. relatively unimportant as a carbon source in food
webs leading to these animals.

The productivity of Svringodiurn [ilitormc may remain
relatively unexpressed in food webs of the study area for
several reasons. including low efficiency of detrital food
chains in producing animal biomass. high epiphyte and
low seagrass productivities. and high export of seagrass
leaves. Food chains involving bacterial processing of
detritus are potentially much longer than those in which
small macrofauna directly ingest and assimilate algae
(Morgan. 1980): longer food chains should mean lower
trophic efficiency and could lead to much lower animal
production than food webs based on equal amounts of
algae. Plant productivity data collected in the Indian
River study area show that algae (,eagra" cpiphvtcs.
phytoplankton. and henthic microalgae) arc often more
productive than ,eagrasses (Heffernan and Gibson. 19i\3)
l\Igae arc thus productive alterna tive loud resource, tll
seagrasses in the Indian River. In addition. the productivitv
of S.fi/iforlllc in the study area is relatively low at
0.5~0.6 g C m ? d " (Fry and Virnstein. in preparation). In
comparison. this productivity is at the low end of the
range of /o.l/cril marina and Iha/illl/" [<"1/11<1,1111111 produc
tivity estimates of 0.2-16.0 gem ;/ d 1 compiled hy Zie
man and Wetzel (1980).

High export of Syringodium filiforme could also be an
important factor in explaining the apparent low food web
importance of this seagrass. Zieman ct al. (1979) have
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shown that S. filiforme is, among sea grasses, especially
buoyant and prone to surface export when green leaves
are detached by waves or grazers. Leaf export, measured
during the summer of 1982 at study sites Band C. averaged
47% of net leaf prod uction (Fry and Virnstein, in prepara
tion) and was substantially higher than the 1-20% rates

reported for other Thalassia testudinum and Posidonia aus
tralis seagrasses (Zieman et al., 1979; Kirkman and Reid.
1979).

Organic matter in sediments in these Florida grass
flats was about 10%0 more negative than oDe values of
Syringodium filiforme (Table I). In fact, 013C values of

organic matter in grass flat sediments are usually 3-10%0
more negative than isotopic values of the dominant sea
grass (Fry et al., 1977, 1982: Thayer et al., 1978), indicating
that carbon sources other than seagrasses contribute to organic
matter in these sediments. Allochthonous sediments that
are carried into seagrass meadows and contain decomposing
terrestrial and planktonic carbon could cause the more nega
tive isotopic values found for organic matter in grass flat sedi
ments. In this regard, it is noteworthy that the least negative
ODC values (those closest to seagrass values) are found in
lagoonal grass flats with very low river inflow (Fry et al.,
1977), while the most negative 013C values (those closest
to planktonic algae) are found in low-salinity grass flats
that are well-flushed by tides (Thayer et al., 1978). A last
factor important for the Indian River grass flats of this
study is that a high percentage of net S. [iliforme leaf
prod uction is exported (see above). Isotopic val ues of
organic matter in sediments should thus reflect the
balance between a variety of factors, including export of
seagrasses, import of allochthonous sediments, and the
different rates of decomposition of the different carbon
sources in sediments.

In summary, three factors may explain a lowered
food-web reliance on seagrass detritus in Indian River
Syringodium filiforme meadows. These are a high pro

ductivity of alternative algal foods, high rate of S. fili
forme export, and possible lowered food-web efficiency
due to long detrital food chains. While this study area
may be unique in several respects, it provides an example
of fairly large seagrass meadows where a detrital seagrass
based food web seems much less important than a food
web based on planktonic and benthic algae. Future in
vestigations in seagrass meadows where seagrass and algae
have very different ODC values. as in this study. should
clarify the general food-web importance of sea grass
detritus.
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