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Ophiuroid growth within deep-sea sediment traps: A problem for carbon flux

measurements at continental margins

Abstract—L arge numbers of postlarvae of the bathyal ophi-
uroid Ophiocten gracilis were collected by two time-series
sediment traps moored on the continental slope of the NE At-
lantic for 102 d at 1,000 and 1,400 m deep (469 and 69 mab),
respectively. With time, the organisms collected were progres-
sively larger, suggesting that a single cohort was growing
within the collection funnel of the traps but above the preser-
vative solution. We believe that specimens from this cohort
occasionaly lost their grip on the funnel surface and fell into
the preservative. This conclusion is supported by (1) the pres-
ence of food within the stomachs of postlarvae (these do not
feed in their planktonic phase) and (2) the size of specimens
(much larger than those previously found in the plankton). The
upper trap was well above the benthic nepheloid layer, and
suspension of these organisms by ambient currents is highly
unlikely. Ophiuroids contributed up to 7% of the total daily
flux of particulate organic carbon (POC) in the top trap and
almost 30% in the bottom trap, and athough they are not
normally considered components of downward particle flux,
these specimens had been growing on the material entering
the traps and so should be included in this portion. Not all of
the epifaunal population will have fallen into the collecting
cups, but those that fell had requirements for growth and res-
piration that were a considerable proportion of the daily flux
of POC into the traps (up to 16%). If this epifaunal community
(aminimum estimate) was distributed evenly within the cone,
a high proportion of the settling material would have come
into contact with ophiuroids as it slid down the inside walls
of the cone. This problem with the sediment trap technique is
probably restricted to the continental slope and shelf and will
not occur over abyssal depths.

Sediment traps have often been used to measure down-
ward flux of particulate organic carbon, and there is a con-
siderable body of complementary data to indicate that they
function in a quantitative way (e.g., Gardner et a. 1997 and
references cited therein) A picture is now emerging of the
global trends and the relationship between deep water par-
ticle flux and primary production in the euphotic zone (Lam-
pitt and Antia 1997). However, there are a number of fea-
tures of the trapping technique, both physical and hiological,
that suggest a degree of caution is required.

Several aspects of the sediment trap technique cast doubt
on some of the data derived using them (Yu et al. 2001).
The most important physical problem is that the effects of
ambient currents are poorly understood, but almost certainly
have a significant effect on trapping efficiency (Hargraves
and Burns 1979; Gardner 1980; Butman 1986; Baker et al.
1988). Other problems include solubilization of carbon
(Knauer et al. 1984), bacterial degradation (lturriaga 1979;
Gardner et al. 1983), resuspension (Gardner and Richardson
1992), and the presence of swimmers (Coale 1990; Michaels
et al. 1990; Hansell and Newton 1994).

An aspect that has not been considered to date is the pres-

ence of benthic organisms in trap samples that might have
been living on the interna surfaces of the traps (e.g., cone
and baffle). These animals might live in the traps, consuming
the settled material before it enters the preservative fluid in
the cups below. Furthermore, the bodies of these animals
could represent a considerable proportion of the particulate
organic carbon (POC) flux, despite being normally classified
as ‘‘swimmers’ and, hence, discarded in subsequent analy-
SEs.

In the present paper, we report on what we consider to be
a large settlement event of Ophiocten gracilis (brittle stars)
postlarvae into two deep-sea sediment traps and discuss the
possible consequences of such a settlement for the assess-
ment of carbon flux in the oceans.

Samples were obtained using two PARFLUX Mark 7G-
21 time-series sediment traps moored in 1,469 m of water
in the Hebridean slope (56°43'N, 09°25'W) to the west of
Scotland. The trap has an opening of 0.5 m? and is covered
by a honeycomb baffle of cells 2.5 cm diameter by 6.5 cm
deep with 0.5-mm-thick walls. The traps were placed 1,000
and 1,400 m deep (469 and 69 m above the bottom, respec-
tively). The mooring was deployed on 21 April 1996 and
recovered on 2 August 1996, with a sasmpling interval of 7
d. Sampling cups were filled prior to deployment with pre-
servative fluid of 2% borax-buffered formaldehyde and 5%o
excess NaCl. We assume that the animals entering the cups
were killed immediately. On recovery, 1 ml of concentrated
aristar-grade formalin was added prior to storage at 4°C. To-
tal particulate carbon content was determined on subsamples
using a LECO® CHN-900 elemental analyzer. Other subsam-
ples were fumed overnight with concentrated HCl before
analysis to determine, by difference, the POC content (Hedg-
es and Stern 1984; Pérez-Castillo et a. pers. comm.).

During the analysis of particulate material, it was noticed
that a large number of postlarval ophiuroids were present;
these were later identified as Ophiocten gracilis. The animals
were picked out under stereomicroscope, and the disk di-
ameter (DD) and arm length were measured using a digitiz-
ing tablet driven by a microcomputer. The stomach contents
were examined visually under stereomicroscope, food items
being observed through the mouth and skin prior to removal
for analysis.

Dry weight (DW) of postlarvae was measured using 50
intact animals of a wide variety of sizes. Each was individ-
ually measured and dried at 60°C for 24 h. The animals were
weighed and then burned in a muffle furnace for 18 h to
estimate the ash-free dry weight (AFDW).

The proportion of material sliding down the inside surface
of the cone that is intercepted by ophiuroids can be calcu-
lated. We assumed that the downward flux enters the up-
ward-facing opening of the cone in a spatially uniform man-
ner. We also assumed that the ophiuroids were distributed
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Fig. 1. Size distribution of postlarval Ophiocten gracilis col-
lected in sediment traps during the sampling period. Error bars are
standard deviations.

evenly over the walls of the cone but that they distribute
themselves so as not to be in the “shadow’ of a specimen
higher up the cone wall. In this way, the proportion of ma-
terial being intercepted by a specimen depends only on the
number and diameter of the specimens. For this calculation,
we assumed that all specimens collected during a particular
sampling interval had the mean diameter of those collected
during that interval. We assumed that al specimens were
eventualy collected and, therefore, that the number present
on the walls during any particular sampling interval was that
total number minus those that had already fallen into the
sampling cup. Integrating down the sides of the funnel pro-
vides the following relationship. At any one time, the pro-
portion of material intercepted by ophiuroids: P = ND/47R,
where N is the population number half way through the re-
spective sampling interval, D is the mean diameter of the
collected specimens, and R is the radius of the top of the
funnel.

Results—No ophiuroids were collected by either trap dur-
ing the first four sampling periods (21 April-19 May), but
after that date, 453 specimens were collected in the top and
1,607 in the bottom trap. In the bottom trap, >98% of the
specimens were collected during the first three sampling pe-
riods after first appearance. In both traps, the mean disk di-
ameter of the individuals showed a progressive increase with
time (Fig. 1). Although the size distribution at first appear-
ance was very similar in the two traps, subsequently those
in the bottom trap were consistently smaller.

Particulate organic carbon (POC) flux varied between 2.4
and 10.8 mg m=2 d* in the top trap and between 1.6 and
13.6 mg m=2 d* in the bottom (Fig. 2). Ophiuroids repre-
sented up to 7% of the measured daily flux (excluding ophi-
uroids) in the top trap and up to almost 30% in the bottom
(Table 1).

The stomach content analysis of the collected specimens
(Fig. 3) demonstrates that detrital material was usually found
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Fig. 2. POC flux into the two traps. During three sampling pe-
riods, data were not available because of POC analyzer malfunction.

Table 1. Percentage of the daily POC flux represented by ophi-
uroids at 1,000 and 1,400 m. DD, disk diameter; ND, no data

POC Flux No. % POC
mg m—2  specimens Mean DD flux of
Open date day* collected  (mm, =SD)  ophiuroids
1,000 m
23 Apr 7.86 0 0 0
28 Apr 7.85 0 0 0
5 May 7.88 0 0 0
12 May 9.37 0 0 0
19 May 10.78 4 0.66£0.06 0.07
26 May 10.52 195 0.99+0.18 6.59
2 Jun 3.75 64 1.10+0.13 7.32
9 Jun 9.79 35 1.13+0.13 161
16 Jun 3.56 22 1.17+0.16 3.02
23 Jun 5.84 57 1.21+0.13 5.09
30 Jun 311 6 1.34+0.15 1.26
7 Jul 5.52 48 1.31+0.16 551
14 Jul 574 11 1.42+0.20 1.50
21 dul ND 0 0 ND
28 dul ND 11 1.60+0.10 ND
1,400 m
23 Apr 9.61 0 0 0
28 Apr 9.94 0 0 0
5 May 5.94 0 0 0
12 May 13.22 0 0 0
19 May 6.58 345 0.69+0.08 10.60
26 May 8.07 1,156 0.70+0.09 29.36
2 Jun 5.82 84 0.78%0.09 343
9 Jun 3.45 0 0 0
16 Jun 321 2 0.96+0.15 0.20
23 Jun 7.8 1 0.68 0.02
30 Jun 8.85 0 0 0
7 3.94 0 0 0
14 Jul 6.32 4 1.33+0.22 0.42
21 dul 2.35 5 1.19+0.20 1.08
28 Jul ND 10 1.21+0.24 ND
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Fig. 3. Percentage of specimens in the top and bottom traps
containing either foraminifera or detritus in their stomach.

in the stomachs, but in addition to this, foraminifera were
often found and occasionally polychaetes and eggs. This all
supports the contention that the specimens were feeding on
the inside surfaces of the sediment trap cone.

Discussion—Before discussing the carbon demands of the
population of brittle stars or their effect on particles sinking
into the traps, we should consider whether there is incontro-
vertible evidence that growth occurred within the trap. Al-
though specimens were not actually seen growing or dwell-
ing in the trap, the conclusion from a number of lines of
evidence must be that this was the case. The first data to
support this is a progressive increase in size of individuals
collected throughout the study period (Fig. 1). Taken in iso-
lation, the inference from this could be that a nearby plank-
tonic or suspended benthic population contained individuals
that were growing as a result of a single reproductive event
and that this population was being sampled by the traps.
However the second line of evidence concerns the size of
planktonic specimens: Postmetamorphic Ophiocten gracilis
are planktonic until they reach a size of about 0.6 mm DD
with up to eight arm segments, at which time they settle to
the seabed where they remain as benthic organisms for the
rest of their lives (Hendler 1975; Gage and Tyler 1981). As
can be seen from Fig. 1, amost al of the specimens col-
lected were larger than this size and some were 1.8 mm DD
with >20 arm segments. To our knowledge, postlarval ophi-
uroids of this size have never been recorded in the plankton,
excluding the possibility that we were repeatedly sampling
a planktonic population. A visual analysis of the stomach
contents of a number of individuals revealed the presence of
foraminifera, unidentified detritus, and even a polychaete

worm (Fig. 3). This suggests that organisms were eating the
particulate material reaching the trap because there is no
evidence to date showing that postlarval ophiuroids are able
to feed while in their planktonic phase. Mileikovsky (1968)
emphasizes that larvae of ophiuroids are limited in their
range of dispersal because they cannot remain afloat for long
after metamorphosis and because postlarvae lack suitable
food conditions in the plankton. However, Strathmann
(1974) points out that metamorphosed ophiuroids collected
from the plankton exhibit no signs of starvation and argues
that maybe further evidence would show that these animals
either can feed or do not spend much energy while in the
plankton.

The remaining explanation from the increasing size of col-
lected individuals is that they were suspended from the sed-
iment. As already mentioned, such large individuals have
never been recorded from plankton samples, but even if this
was due to chance, it is very unlikely that these large spec-
imens could be suspended to a height of nearly 500 m. The
benthic nepheloid layer, which is caused by particles <20
um, is about 100 m thick at this site (Lampitt unpubl.), and
it is very unlikely therefore that particles as large as the
ophiuroids we collected would be suspended a further 400
m above it. Furthermore, specimens in the bottom trap were
smaller than those in the top trap, the reverse of what would
be expected if appearance in the traps was simply a result
of suspension of benthic organisms. If this was the case, one
would expect not only greatly enhanced numbers in the bot-
tom trap but also a higher proportion of larger individuals
that presumably would be suspended lower in the water col-
umn than smaller specimens.

The increase in disk diameter of collected specimens can
only sensibly be explained as a consequence of growth with-
in the sediment traps but above the preservative fluid in the
collection cups. Adventitious losses of members of this epi-
faunal population into the preserving solution could be con-
sidered random sampling of the population.

The results presented above suggest that there was a major
settlement event in mid-May, and from the size distribution
of the collected specimens, there is no evidence of a second
settlement. We believe that this single cohort settled on the
internal walls of the sediment trap cone or, somewhat less
likely, on the vertical sides of the baffle or mooring rope.
Although ophiuroids lack the suckered tube feet present in
many asteroids and echinoids, they are very good climbers
and may have been able to live on that surface, despite its
smoothness and high inclination angle (70° to the horizon-
tal). Cones of sediment traps are designed with smooth in-
ternal surfaces to offer the smallest possible resistance to
settling particles by allowing the particles to slide down into
the collection cup. The presence of epifauna such as ophi-
uroids will increase surface roughness and prevent detrital
material from reaching the sampling cup. This could create
a local environment where POC would be consumed by
ophiuroids and possibly by other organisms such as swim-
mers and bacteria present in the water within the cone but
above the preservative (lturriaga 1979; Gardner et al. 1983).
Recovery of Parflux traps is carried out without a sampling
cup under the cone and any epifauna remaining on the trap
walls at the end of the deployment would be washed off and
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lost during recovery. On the assumption that al the speci-
mens on the cone wall had been collected during deployment
and none were washed off during recovery, we cal cul ate that
up to 0.95% of the surface of the cone would have been
covered by the ophiuroids. Although this may seem to be a
small proportion of the surface area, up to 37% of the ma-
terial falling onto the sides of the cone and subsequently
sliding down its sides would come into contact with an ophi-
uroid (see below).

Having established without doubt that growth of the ophi-
uroid cohort occurred within the trap above the preservative,
we can now calculate the demands of this population for
organic carbon supplied exclusively by the material falling
into the trap. Although it is clearly an underestimate, we can
assume for this exercise that al of the specimens clinging
to the sides of the cone were collected prior to recovery of
the traps. The organic carbon demands of this population
can be considered, first, on the basis of that required for
growth as measured by the increase in size of the collected
individuals and, second, from the expected metabolic de-
mands of the population. Growth was estimated simply as
the increase in mean size of specimens collected from one
sampling interval to the next. Metabolic demand was esti-
mated from published values of weight-specific respiration,
R, across the marine animal kingdom (Mahaut et al. 1995).

R = 0.0074C-©°2*

Body carbon C = 0.5 X AFDW and respiratory demand R
is expressed as the proportion of body organic carbon per
day.
Although there will be large uncertainties in this assess-
ment because the taxonomic range was wide (invertebrates
to fish), this provides a rudimentary estimate in the absence
of data specific to ophiuroids. An alternative way to estimate
the effect of the ophiuroid population on the incoming ma-
terial is to calculate the proportion of the material falling
onto the sides of the cone that will come into contact with
an ophiuroid. Once again, we assume that all of the epifaunal
specimens fell into a collecting cup at some stage. The num-
ber of specimens in the cone thus decreases to zero during
the deployment, hence reducing the effect of the population
on the detrital material. However, their body size increases,
thus enhancing the effect of each individual and counterbal-
ancing to a degree the effect of reducing numbers. A model
was constructed that demonstrates the very large potential
effect of quite a small population of rather small individuals
by intercepting sedimenting particles as they slide down the
sides of the collecting funnel.

The average ratio Production: Metabolism was found to
be 0.43, a value near to the expected ratio of ~0.5 (Hum-
phreys 1979), and this was used to calculate total organic
carbon demand (respiration + growth) from methods 1 and
2. Figure 4 shows the organic carbon demand as a percent-
age of the downward flux based on estimated metabolic rate
(method 1) and on measured growth (method 2) and the
proportion of the downward flux intercepted by an ophiu-
roid. The estimates of organic demand agree fairly closely,
whereas the proportion of intercepted material is much high-
er and up to 37%. This does not imply that 37% of the flux
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Fig. 4. Potential influence on material entering the top sediment
trap in terms of the percentage of the material intercepted or con-
sumed by the population of epifaunal ophiuroids. Consumption is
estimated either from the calculated metabolic rate (method 1) or
from the increase in weight from one sampling period to the next
(method 2) (see text). The percentage of materia intercepted by
specimens is based on the proportion of material sliding down the
sides of the trap funnel that would come in contact with a specimen.

is consumed but that a very large proportion of it comes in
contact with ophiuroids and could then be ingested.

We can now consider the implications of these observa-
tions for the interpretation of sediment trap data. The spec-
imens living within the cone will have had a demand for
organic carbon for both somatic growth and respiration.
Consumption for growth should not be considered a direct
loss from the settling material because it is retained within
the enclosure of the trap. Aslong as the animals’ bodies are
included in the flux, and assuming they are all eventualy
collected in the preservation fluid, the integrated total flux
will be unaffected, although some of the flux would be trans-
ferred to a subsequent sampling interval. In contrast, meta-
bolic losses would be a direct loss from the material entering
the traps as organic carbon is converted into CO,. In the
present study this amounted to less than 4%.

The serious problem for the sediment trap technique de-
scribed above will not be experienced in all regions of the
ocean. Although ophiuroids are found throughout the marine
environment, including shallow and deep water (Piepenburg
and von Juterzenka 1994), in the open ocean they are only
found in high numbers on the continental slope (Gage and
Tyler 1981; Fujita and Ohta 1989, 1990; Shin and Koh
1993). Planktotrophy is a common mode of development for
ophiuroids, with growth of the planktonic larvae stimulated
by seasonal increases in primary production. Settlement of
postlarvae is therefore likely to be an important feature of
regions in which brittle stars are abundant (Gage and Tyler
1981; present study). It is therefore in these slope areas that
care should be taken in the analysis of sediment trap mate-
rial.

Postlarval ophiuroids, whenever found in traps, should be
considered part of the total downward flux of carbon because
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the majority of their body carbon will have been derived
from sinking particles normally considered the principal ve-
hicles for POC flux. The losses of organic carbon through
remineralization are a direct loss from the primary flux, and
in future, results from sediment trap studies on continental
slopes should be enhanced by a few percent to take such
losses into account. Parflux sediment traps are usualy re-
covered with an open hole at the base of the collection fun-
nel, thus losing epifaunal organisms within the trap. We sug-
gest that in future, this hole should not be left open and that,
on recovery of the traps, the water within the cone should
be filtered to collect epifaunal organisms that grew inside
the trap funnel, the mass of which can then be added to the
calculated flux. Furthermore, such sampling would establish
the full extent of epifaunal colonization of the internal sur-
faces of deep-sea sediment traps. We have only gone so far
as to demonstrate that the error associated with such colo-
nization is potentially very large.
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