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ABSTRACT: Metazoan meiofaunal comnlunity dynamics and spring phytoplankton bloom sedimentation rates were measured concurrently in Auke Bay, Alaska. from 1985 to 1988. We test the null
hypothesis that recruitment and density maxima are unrelated to sedimentation events. Springtime
chlorophyll a sedimentation was predictable and episodic, occurring annually at peak rates during midMay at 35 m; carbon sed~mentationwas continuous through the spring. Cumulative sedimentation
varied from year to year, ranging from lowest to highest by a factor of 2. At a 30 m station, seasonal
variation in major taxon density was not identifiable, however interannual variations in meiofaunal
densities &d occur No consistent relationship between meiofaunal abundances and spring chl a or
carbon sedimentation was found, i.e. years with the highest or lowest nematode and harpacticoid
abundances did not correspond to years with the highest or lowest values for sedimentation. Other
factors must regulate the interannual variation in meiofauna, at least over the range of values for
sedimentation in Auke Bay.

INTRODUCTION
Although there have been many recent ecological
studies of the meiobenthos (Coull & Bell 1979), most
research has been estuarine, or set in intertidal or in
very shallow subtidal habitats. When deeper water
locales (e.g. continental shelves or even coastal embayments) are studied, collection designs (and research
budgets) rdrely permit repeated sampling over more
than one season or year (Coull et al. 1982). Nevertheless, some trends for subtidal meiofauna are apparent.
Measurements of meiofaunal densities range from 106
m-2 to a n order of magnitude more if proper techniques
are followed (Coull & Bell 1979, Rudnick et al. 1985),
and there is interannual variation in abundance (Coull
1985). Seasonality is sometimes apparent with peaks in
late spring to early summer in temperate areas (Hicks &
Coull 1983, Coull 1985, Rudnick e t al. 1985). Unfortunately, the regulation of abundance within a given site
is poorly understood although predictable trends occur
with latitude and water depth (Coull et al. 1982,
Pfannkuche & Thiel 1987).
One factor frequently mentioned as a possible regulator of subtidal meiofauna is phytoplankton sedin~entation. Phytoplankton during and after bloom condiO Inter-Research/Printed in F. R. Germany

tions may settle quickly to the bottom (Billett et al.
1983, Townsend & Canlmen 1988), and settled cells
may b e in good physiological a n d nutritional condition
(Lenz 1977). Sedimented phytoplankton might b e
directly ingested (Decho 1986, Gooday 1988), or
become part of the microbial loop, ultimately increasing meiofaunal food supplies (Rudnick 1989). Thus
variation in phytoplankton settlement might affect
meiofaunal survivorship and reproductive success.
Marine ecologists have long sought relationships
between water column productivity and the benthos.
The influence of water column production on benthic
metabolism (Hargrave 1973) and microbial activity
(Graf e t al. 1983, Meyer-Reil 1983) is best understood.
Relationships between faunal characteristics (density,
biomass a n d diversity) a n d phytoplankton sedimentation have proven elusive (see Mann 1976 a n d Grebmeier et al. 1988 for exceptions). One reason is the
rarity of multi-year baseline studies which adequately
monitor sedihentation a n d faunal densities. This situation is particularly acute for meiofauna, and alternative
approaches have been developed. In mesocosms,
nutrients have been added to the water column to
stimulate phytoplankton growth, however, a n intimate
association between water column sedimentation a n d

Mar. Ecol. Prog. Ser. 57: 137-145, 1989

138

retrieved, emptied and replaced twice a week for the
field season. Material collected in the trap was emptied
into a polyethylene bucket upon retrieval for further
analysis on shore. The trap was then refilled with
filtered seawater, and an 80 g salt tablet was added to
form a density gradient which reduced possible losses
due to resuspension and mixing. In actual practice, the
particulate material collected in the trap was always
found as a layer in the bottom of the trap with an
overlying layer of clear water. Traps were placed at 3
Auke Bay locations from 1985 to 1989 at various depths
(Table 1). We will focus on traps at 35 m at Auke Bay
Monitor (ABM) because this station was occupied each
year and because of its similarity with the depth of the
primary meiofaunal collection site, East (E) Station.
Two other stations, E and North (N), were sampled in
1987 to provide a broad view of sedimentation spatial
variability in Auke Bay.
Chlorophyll and pheopigment concentrations were
determined via the fluorometric method for acetoneextracted samples (Holm-Hansen et al. 1965, Strickland & Parsons 1972). Samples for pigment analysis
were collected on 0.4 pm Nuclepore polycarbonate filters, extracted in the dark overnight at 5 "C and measured with a Turner Designs fluorometer calibrated
against pure chlorophyll extract. Particulate carbon
samples were collected on precombusted Whatman
GF/F glass fiber filters and analyzed in a HewettPackard Model 185 C-H-N analyzer according to Gordon (1969) and Sharp (1974).
Meiofaunal collections. Three different locations
were sampled regularly for at least one field season to
provide biological and physical databases (Table 1).
The most extensive meiofaunal collections were from
East Station, 27 m water depth, with collections from
1985 to 1988. In 1985 samples were collected at about
10 d intervals from April 3 to June 10; in 1986 samples
were obtained at about 7 d intervals from May 8 to
August 7, with an additional collection on October 30.
In 1987 additional stations, Auke Bay Monitor (at 50 m)
and North (at 42 m), were sampled to provide better

meiofaunal abundance was not found (Widbom & Elmgren 1988). more baseline studies are needed, not only
to discover if fundamental trophic links exist in nature,
but to determine how best to conduct future manipulative studies.
The work described here was conducted as part of
the APPRISE (Association of Primary Production and
Recruitment in a Subarctic Ecosystem) project, a 5 yr
study with the goal of increased understanding of the
linkages between physical and biological characteristics associated with the spring bloom in subarctic
waters. The objective of this study was to examine
spring phytoplankton bloom sedimentation and its
possible effects on meiofauna over 4 annual cycles. By
quantifying interannual variation in the timing and
intensity of sedimentation, coupled with estimation of
meiofaunal abundance and recruitment, we test the
null hypothesis that meiofauna do not respond to
sedimentation events.

METHODS
Sampling was conducted in Auke Bay, Alaska
(58" 22' N, 134" 40' W), ca 20 km north of Juneau. Auke
Bay is a partially enclosed embayment with an area of
ca 10 km2 in a system of fjords connected with the
Pacific Ocean. About 50 % of the bay is between 40
and 60 m depth with a muddy substrate. The bay has
semidiurnal tides with amplitudes between 3 and 7 m.
Bottom water temperatures at 25 m vary between 3 and
7 "C annually with salinities varying from 29 to 32 ppt
annually (Coyle & Shirley 1986). Runoff from the Mendenhall River brings glacial flour to the bay seasonally.
Sedimentation collections. Total water column particulate flux (chlorophyll a and carbon) to the bottom
was determined with sediment traps (Knauer & Martin
1981, Betzer et al. 1984). Sediment traps consisted of a
l 5 cm diameter, 45 cm long PVC tube capped at one
end and attached to a taut tether with a bottom anchor
and a subsurface float. The sediment trap was

Table 1. Sampling regime for sedimentation and meiofaunal collections in Auke Bay. Numbers in parenthesis represent depth ot
sediment traps or water column depth. ABM: Auke Bay Monitor

Sediment trap field season
25 Mar-27 May
ABM (35 m)
North (35 m)
East (20 m)
Meiofauna field season
ABM (50 m )
North ( 4 2 m]
East (27 m)

14 Mar-23 Jun
-

-

-

-

-

3 Apr-l0 June

8 May-7 Aug, 30 Oct

16 Mar -25 Jun
2 Apr -25 Jun
2 Apr-25 Jun
1 Apr-3 Dec
1 Apr-l9 A u y
1 Apr-3 Dec

14 Mar-2 June

-

16 Mar-22 Jun
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resolution of spatial variability throughout the bay. In
addition, 1987 was chosen to investigate a broader time
window; samples were collected at about 7 d intervals
from April 1 to August 19, and then monthly from
September through December at E and ABM. In 1988,
samples were obtained weekly from March 16 through
June 22.These stations were chosen partially because
they were similar in sediment texture, consisting of soft
muds with little sand.
After May 1985, all meiofaunal samples were collected by a tom-tom corer. The 2 earliest collections (in
April 1985) were taken by an van Veen grab, and
subsampled with small, hand-held corers. Tom-tom and
van Veen grabs were subsequently taken simultaneously and analysis indicated that the van Veen grab
under-sampled meiofauna by a factor of 1.5to 3 (Chandler et al. 1988). Data from the van Veen grabs are
reported here to provide as long a record of density
estimates as possible. The tom-tom, on the other hand, is
an efficient, flow-through style, multiple corer,
designed to collect meiofauna in relatively calm waters
(Chandler et al. 1988). The corer was always deployed
slowly to reduce bow-wave effects. In 1985 and 1986, at
least 2 casts of the tom-tom were taken to obtain a
maximum of 8 replicates. In 1987 and 1988, one cast was
made to obtain as many as 4 replicates. In 1985, each
core was subsampled with a syringe style corer; thereafter, the entire tom-tom core was retained and sorted
whole. Routinely, the upper 2.5 cm of sediment was
retained by the use of a core extruder (occasionally
whole cores slipped out of the tom-tom before extrusion,
and were retained in a jar in their entirety), and returned
to the laboratory. Most samples were extracted with
sucrose flotation (Fleeger 1979). In 1986, a few samples
were extracted with LUDOX (Jonge & Bouwman 1977)
after a large settlement of diatoms reduced sucrose
extraction efficiency. Estimates suggest that sucrose
extraction was normally very efficient, 95 % for
nematodes and 98 % for copcpods. AI1 material retained
on a 63 pm sieve was sorted under a stereomicroscope.
In 1985 and 1986, samples were sorted in ruled trays and
all fauna enumerated; in 1987 and 1988 the methods of
Sherman et al. (1984) were employed to subsample
nematodes while completely sorting rarer taxa. Major
taxa, except Foraminifera, were enumerated. Copepods
(adults and copepodites) were removed and retained for
later identification to species (Fleeger & Shirley unpubl).

RESULTS

dictable, annual event in Auke Bay (Ziemann et al.
1988). During the years under investigation, sedimentation occurred throughout the spring, but was
extremely intense for a brief period (Fig. l a ) . For example, about 40 O/O of the total chl a sedimentation for the
spring reached the 35 m sediment trap at ABM during
only a 10 d interval in 1985 and 1986. Furthermore, the
timing of this episode was remarkably constant across
years at a given depth, always occurring in mid-May at
35 m. Although the carbon flux (Fig. l b ) was also seasonal, the signal was not as strong. Increases in carbon
flux were consistent throughout May, but in 1985 and
1986 the increase was steep while in 1987 and 1988 it
was more gradual.
Although timing was similar across years, the total,
or cunlulative, sedimentation through J u n e varied
interannually in Auke Bay. Chl a sedimentation a t
ABM was high in the 1985, 1986 and 1987 spring
a

Chlorophyll F l u x ot ABM, 35 m
?
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Physical variables
A spring phytoplankton bloom and its accompanying
chlorophyll (chl) a sedimentation appears to b e a pre-

Fig. 1. Sedimentation (mg m-') a s measured in sediment traps
suspended at 35 m at ABM Station in Auke Bay, Alaska, 1985
to 1988. (a) Chlorophyll a, (b) carbon. Values are cumulatively
summed during the field season
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seasons, with fluxes about 500 to 600 mg m-2, while
1988 was low with a flux of about 300 mg m-2 (Fig, l a ) .
Total carbon flux was also similar in 3 of the 4 yr
(Fig. l b ) . Carbon flux was highest in 1986 (ca 125 mg
m-2), and about twice that of other years. In 1987, traps
were also placed at ABM (20 m), North (35 m) and East
(20 m) Stations to provide a broader view of spatial
variability in Auke Bay (Ziemann et al. 1988). Although
E 20 m sedimentation (chl a and carbon) was higher
and slightly earlier than the ABM 35 m station, ABM
and E values at 20 m were very similar (Fig. 2). Values
at N at 20 m were consistently lower (by half) than
ABM or E at similar depths (Figs. 1 and 2).
Temperatures were similar in 1985 and 1986 with
near-bottom water staying at or close to 3.5 "C for
March and April, then warming as the season progressed, reaching 4.5 to 5 'C in June/July (Fig. 3a). In 1987
Chlorophyll Flux in Auke Boy,
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Fig. 3. Water temperatures ("C) in Auke Bay. (a) ABM Station
at 30 m depth, 1985 to 1988, (b) 3 stations in 1987

and 1988, water temperatures began the field season
warmer and remained about 1 "C higher through early
summer. Temperatures at 20 m at ABM, N and E were
similar to each other in 1987, as only ABM exceeded
others, perhaps with a tidal rhythmicity (Ziemann et al.
1988). All 3 sites warmed at similar rates through the
spring (Fig. 3b).
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Meiofaunal dynamics
"
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Fig. 2. Sedimentation (mg m-') as measured in sediment traps
suspended at various depths at stations in Auke Bay in 1987.
(a) Chlorophyll a. (b) carbon. Values are cumulatively summed during the field season

Nematodes were always the most abundant metazoan taxon, compr~sing97 O/O of the total meiofauna
across all dates and stations. Because of this overwhelming predominance, total meiofaunal and
nematode abundances follow identical trends, and total
meiofauna will not be discussed further. Copepods
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Fig. 4 . Mean nematode density (ind. 10 cm-') in Auke Bay
(a) East Station, 1985 to 1988, (b) 2 stations in 1987

(adults and copepodites) were the second most abundant taxon (1.3 % of the total) and copepod nauplii
were consistently present (0.6 O/O of the total). Other
groups include permanent and temporary meiofauna.
Priapulids, which were seasonally very abundant as
larvae (Shirley 1989), larval and juvenile polychaetes,
gastrotrichs and lunorhynchs were regularly found but
in low abundance.
Trends in nematode abundance were very different
among years in Auke Bay (Fig. 4a). Within a given
year, nematode densities tended to fairly closely fluctuate around the mean for that year (e.g. the mean 1986
density was 3759 and the range was from 2546 to 5339
ind. 10 cm-'). Different years were clearly distinct from
each other in mean abundance. For example, all 1986
values were higher than any reported from 1987 or
1988. Numerically, 1986 was the year with highest
densities, 1985 was second (mean of 2107), 1988 was
third with a mean of 1526 and 1987 the lowest with a
mean of 846 ind. 10 cm-'. No evidence for seasonality
was present for nematode abundance. Two large

14 1

increases in density took place (one In J u n e 1986, the
other in April 1985), but did not occur in the same
season. In fact the April 1985 increase could have been
due to the change in methodology as it coincides with
the initiation of the use of the tom-ton1 corer rather than
the van Veen grab.
Variability may exist at many spatial scales. Within a
single collection (all samples taken at a station on one
date) nematode variation was surprisingly low. In 1986
(the least variable year), the standard error averaged
only 9.2 % of the mean, and in 1985 (the most variable
year), it was 17.8 O/O of the mean. In 1987 and 1988 this
value rarely exceeded 15 O/O of the mean. A nested
ANOVA reveals that dates, but not separate casts of
the sampler, were a significant source of variation for
nematodes in 1985. In 1986 this pattern was reversed.
At a larger spatial scale (Fig. 4b), 1987 collections were
low in abundance at all Auke Bay sites (Shirley et al.
1988).
Harpacticoid densities were also quite different
between years (Fig. 5a). In 1985 and 1986, harpacticoids
increased in numbers suddenly (seasonally?),reaching
densities higher than 90 ind. 10 cm-'. The increase in
1986 was, however, about 6 wk later than the 1985
increase. In 1987, densities remained low throughout
the year (never exceeding 25 ind. 10 cm-2),while in 1988
they fluctuated greatly from collection to collection but
averaged around 50 ind. 10 cm-'. The low 1987 values
(averaging about 15 ind. 10 cm-2 compared with 36 to 50
ind. 10 cm-2 in other years) occurred throughout Auke
Bay (Shirley et al. 1988) indicating Little spatial variability within a year (Fig. 5b). Within collection variability
was relatively high for harpactlcolds, as standard errors
averaged about 25 O/O of the mean. In 1985 and 1986,
nested ANOVA shows that dates added significant
variation, while variation added by replicate casts of the
sampler was not significant.

DISCUSSION

Meiofaunal collections were primarily from East Station at 27 m , while most sedimentation data was
obtained from Auke Bay Monitor Station at 35 m (the 2
stations are about 1200 m apart). Benthic and sedimentation collections from both sites (as well as North
Station) were obtained in 1987 to examine spatial variability in the bay. All Auke Bay sites proved to be very
similar physically (e.g. sediment type, sedimentation
inputs) and faunistically. Sedmentation was slightly
higher and earlier at the 20 m trap at E compared to the
35 n1 trap at ABM, but such differences can be
explained by the difference in depth of the traps.
Temperature increases were similar at the 2 sites, a n d
meiofaunal abundances were uniformly low through-
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Harpacticoid Density in Auke Bay
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Fig. 5. Mean harpacticoid copepod density (ind. 10 cm-') in
Auke Bay, (a) East Station, 1985 to 1988, (b) 2 stations in 1987
out 1987. Consequently, we feel justified in relating
ABM sedimentation trends with E meiofaunal density
patterns.
We address 2 separate questions here: does interannual variation in sedimentation control peak spring
or summer meiofaunal abundance, and, is meiofaunal
recruitment coupled with sedimentation? The phytoplankton bloom and its subsequent sedimentation is
clearly episodic and highly seasonal in Auke Bay
(Fig. 1). Peak chl a sedimentation occurred around
mid-May. Between years, total chl a sedimentation was
high and similar in 1985. 1986 and 1987 but lower by
about half in 1988. Carbon sedimentation was highest
in 1986 and roughly equal in other years.
No indication is present for a tight relationship
between spring or summer meiofaunal density
increases or maxima and cumulative springtime
sedimentation. Nematodes were consistently hjgh in

1986, and low in 1987, but neither instance corresponded to highs or lows in chl a sedimentation
amounts (although 1986 was the highest year for carbon sedimentation). Harpacticoid densities also poorly
correlated, with highs in 1985 and 1986, very low
values in 1987 and moderate ones in 1988 Recruitment
is also problematic as no meiofaunal major taxon
showed dramatic increases in numbers at times related
to the input of sedimented material (species of harpacticoid copepods and their recruitment patterns will be
discussed in a separate paper, Fleeger & Shirley unpubl.)
Nematodes, as a group, display a variety of feeding
modes ranging from deposit-feeding to selective
diatom herbivory (Jensen 1987). We did not identify
nematodes to species or feeding group and certainly
component species or trophic groups may have
responded to the sedimentation event. Nematodes,
however, have been shown to respond to increased
bacterial concentrations with increased densities
(Montagna et al. 1987), and are relatively deep-dwelling. Therefore many nematodes may not be able to
directly utihze planktonic diatoms (the predominant
sedimenting algae; Laws et al. 1988) as food, and they
may rely on the 'microbial loop' (Lopez & Levinton
1987) to stimulate bacterial production from sedimentation. If this is true, one might not expect rapid
nematode density changes, and time-lags (Montagna
et al. 1983) between density increases and sedimentation would occur. Time lags of a short duration have
been reported between sedimentation and foraminiferan abundances (Faubel et al. 1983). Longer lags may
be the case in Auke Bay as nematodes were roughly
consistent in abundance within a year, but exhibited
strikingly different patterns between years. In fact, the
highest nematode densities (1986) followed the year of
highest chl a sedimentation intensity (1985) which suggests a time-lagged interaction. Alternatively, the
highest carbon sedimentation was in 1986 when
nematodes numbers were at their highest levels (1987
numbers were uniformly low). Carbon sedimentation in
other years was roughly equal but nematode numbers
varied widely among them. Better unerstanding of the
food resources of the nematode community is needed
before it is possible to further interpret our results,
although Rudnick (1989) found that larger, deeperdwelling nematodes are probably not directly dependent on surface-deposited phytodetritus.
In the laboratory, harpacticoids are known to assimilate sedimented planktonic diatoms (Decho 1986), and
surface-dwelling harpacticoids have been shown to
quickly incorporate phytodetritus (Rudnick 1989). Preliminary evidence suggests that several Auke Bay harpacticoids directly utilize sedimented planktonic
diatoms as food (Shirley et al. 1987).The early bloom in
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all years was dominated by species of the genera
Thalassiosira and Skeletonema (Laws et al. 1988)
which have been used to culture harpacticoids (Chandler 1986).Harpacticoids are surficial in depth distribution (Palmer 1984), and their field densities have been
related to standing stocks of diatoms (Montagna et al.
1983, Decho & Fleeger 1988). Given these facts, it was
surprising that harpacticoid density increases and maxima were unrelated to sedimentation intensity. Temperature also does not seem to have had a strong
influence on density (higher temperatures might
increase growth rates). Temperatures were low in high
abundance years of 1985 and 1986, but high in the low
abundance years. Other factors, e.g. reproduction and
predation, must have played a role in abundance regulation of individual species.
We know little about the possibility of a fall phytoplankton bloom in Auke Bay because it is little studied
(Coyle & Shirley 1986), but fall blooms can be significant in other systems (Graf 1987). A heavy fall bloom
could increase winter survivorship or provide higher
reserves of food in the spring, thus stimulating
increased densities at the beginning of the next growth
season. Variations in initial density due to fall sedimentation variations might effect growth rates early in the
year, and could explain year to year variations in summer densities.
Previous studies comparing macro- and meiofaunal
densities with phytoplankton sedimentation intensity
are contradictory. Some field studies with macrofauna
(Graf et al. 1983, Graf et al. 1984, Valderhaug & Gray
1984) have found highly stable population densities
even though phytoplankton input varied seasonally,
while others (Rudnick et al. 1985, Grebmeier et al.
1988) suggest a seasonal or spatial response to high
sedimentation rates.
Meiofaunal studies are similarly unclear. Faubel et
al. (1983) and Graf et al. (1983) suggest a time-lagged
(weeks tc months) increase in meiofauna densities after
sedimentation input, however these studies were for
only a single year and in one case (Graf et al. 1983)
sampling intensity and technique were suspect. The
present study found no unequivocal influence of
sedimentation on meiofaunal abundances. Only Rudnick et al. (1985) in Narragansett Bay found consistent
seasonal increases in meiofauna coincident with phytoplankton sedimentation. This study was however conducted at a shallow depth (? m) and at seasonally warm
temperatures ( l ? "C) which suggest that benthlc
diatom production could have been partially responsible for the seasonal increases in meiofaunal densities.
In a mesocosm experiment (Widbom & Elmgren 1988),
also in Narragansett Bay, nutrients were added to the
water column in tanks to stimulate phytoplankton production and sedimentation. Unfortunately, meioben-
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thic responses were highly variable in enriched mesocosms, and the authors believe that, under enrichment,
factors other than food availability become important in
limiting the meiobenthic community. In another mesocosm study, Gee & Warwick (1985) found increases in
abundance of harpacticoids (but not nematodes) and
major changes in harpacticoid con~munitystructure
when organic matter was added to sediments from
35 m depth. The organic matter was added in amounts
similar to annual phytoplankton sedimentation, and
suggests that food increases were critical to the
increased densities. Given such contrasting results, it
seems impossible to generalize a simple, monotonic
relationship between sedimentation and faunal abundance.
Pfannkuche & Thiel (1987), working in a range of
depths into the deep-sea, found that meiofaunal standing crop is related to sediment 'chlorplastic' pigments
probably derived from phytoplankton sedimentation.
This relationship spanned an order of magnitude in
meiofaunal abundances (much more than other studies
have encountered) and depths from 240 to 3920 m. At
present we cannot generalize an interannual relations h p between meiofaunal abundance and sedimentation within a given site. Perhaps it is most likely to
occur when orders of magnitude differences in inputs
and densities are compared, e.g. the continental shelf
to deep-sea gradient.
Phytoplankton sedimentation in Auke Bay is distinctly seasonal, while meiofaunal density and biomass
lack strong seasonality. Interannual variability in
sedimentation and faunal densities exist. However
highs and lows correspond poorly with each other.
Many explanations for the absence of correlations are
possible. For example, variation in sedimentation from
year to year may not be great enough to cause interannual variation in abundance in Auke Bay. From 1985
to 1988, sedimentation differed at most by a factor of 2.
Aiternatively, meiofauna may reproduce at higher
rates during or shortly after peak sedimentation conditions but be prevented by predation from increasing in
density. Evidence suggests that predation intensity on
shallow subtidal meiofauna is high in Auke Bay. Sturdevant (1987) found that some members of a suite of
postmetamorphic flatfish feed heavily on harpacticoid
copepods, and salmon are known to be voracious harpacticoid feeders (Cordell 1986). Perhaps the greatest
problem is that food webs involving the meiobenthos
are poorly known. Rudnick (1989) suggests that the
benthos may exist in 2 units, a surface-oriented fauna
which directly relies on phytodetritus as food and a
subsurface fauna which utilizes refractory organic carbon. Until these trophic relationships are understood,
interpretation of findings such as ours must be considered tentative.
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