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Summary. Two species of the echinoid genus Sterechinus
were documented from 92 trawl stations and 55 photo-
graphic stations in the eastern and southern Weddell Sea
between 100 and 1200 m water depth. We found two
specics occuring along the whole shell and slope, S.
reuma yeri being more abundant above 450 m water depth
and §. antarcticus dominating the deeper regions. The size-
frequency distributions of both species indicate differences
in growth, mortality and longevity., First estimates of
abundance and biomass of S. newmayeri and S. antarcticus
are 0.085 ind/m? & 0.005 gAFDW/m? and 0.022 ind/m? &
0.005 gAFDW/m?, respectively.

Introduction

Sterechinus is the only genus of the superorder Echinacea
that is present in Antarctic waters (Pawson [969). On the
Weddell Sea shelf and stope, Sterechinus is found in almost
every trawl sample. According to Voss (1988) it is the most
abundant genus of regular echinoids in this area. The
various species of this genus arc mainly surface deposit
feeders, but have been found to graze on algae, sponges
and bryozoans (oo (see review in De Ridder and Lawrence
1982} Due to its motility and leeding mode, Sterechinus
spp. may have a considerable effect on community struc-
ture in the Antarctic benthos.

During the last years a large number of samples has
been acquired allowing for an analysis of the distribution
and the species composition of the genus. Additionally.
first estimaltes of abundance and biomass were made based
on semi-quantitative trawl samples and on photographic
SUrveys.

Methodls
Investigation area, sampling and preservation

The investigation area is the eastern and southern shelf and slope of
the Weddell Sea that has becn studied intensively by several ex-
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peditions with R Polarstern. The present study on Sterechinus is
fimited to the area between 100 m and 1200 m water depth. Hydro-
graphy and topography of the Weddell Sea have been described by
Hellmer and Bersch (1985). Johnson et al. {1981) and athers. Trawi
samples were taken during the RV Polarstern cruises ANT 2 (1980,
ANT [E/4 (1984), ANT V73 (1986}, ANT V/4 (1987) and ANT Vi
(1988) on stations between 178 m and 1176 m water depth. The
standard gear was a modified Agassiz trawl with a mouth opening of
3m by I m and a mesh size of 20 x 20 mm in the front parts and )
x 10 mm in the medium parts and the cod end (Vofd 1988). Trawl
time and speed depended on ice conditions and bottom topography
at the 84 stations sampled, the aim was to trawl for 20-30 min at a
speed of 0.5 knots. Additionally, five stations were sampled with a
140 (oot bottom trawl (see Ekau 1988), and at three stations a small
dredge {100 x 30 cin opening} was applicd (see Fig. | for location of
trawl stations). Macrobenthic specimens were collected from the
totat catch or [rom a representative subsample. if the catch was oo
voluminous, and stored in 4% Formaldehyde solution buffered with
Borax (Na,B,O-). In autumn 1989, all specimens of Sterechinus spp.
were transferred to 70% Ethanol.

Underwaler stilt photographs were taken by a camera system
consisting of a Hasselblad 500 and an electronic fash, that was
lowered from the ship and released by a ground weight (Gutt 1988).
One picture covered a bottom area between 0.56 and L.40 m?,
depending on different setups of the system during different cruises.
2898 pictures of the bottom surface were taken al 35 stations (depth
range: 100-1202 m) during the RF Polarsiern cruises ANT (1153
(1985) ANT VI (1988) and ANT VII ({989} see Fig. 1.

Tuxonamy and morphometry

The collected material was of variable ceondition. from unbroken
animeats with spines and pedicellaria down to single Aristotie’s
lanterns without any test. Wherever possible, animals were deter-
mined Lo the species level by means of the position of the ocular
plates {exert or insert). the tube lect {with or without spicules) and the
globiferous pediceliariac. according to Kochler {1926) and Mor-
tensen (1909, 1920, 1943, 1950} Diamcter and height of unbroken
tesls were measured to the lower 0.1 mm. The lanterns of broken
specimens were cleaned lrom organic matier by a 5% solution of
NaOCL The length of the half-pyramids (jaws) was measured from
the oral tip to the cuter aboral edge.

Specimens [rom several stalions were used 1o establish relations
between jaw length and diameter of the test for each species. These
relations were used to estimate the diameter of broken animals lron
the size of the Aristotle’s lantern. With other specimens, empirical
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Fig. 1. Distribution of trawl stations (circles) and photo stations
{squares) in the Weddell Sea

relations between test diameter and ash free dry weight (AFDW) of

test {inciuding lantern}. of gonads and of gut were established.
Specimens observed on the still photographs were counted and

measured (il possible}, determination to the species was not possible.

Distribution, abundance and biomass

Trawl samples as well as photo samples were not analyzed on a
yearly basis duc to the low overall number of specimens per year. but
pooled 1o get representative samples of the whole arca and to
increase precision in the subsequent analysis.

The relative abundance per trawl sample (i.e. % of Sterechinus
spp.) was used to investigate the distribution of the different species
found with respect o depth and sediment parameters.

Abundance of Sterechinus spp. was caleulated from 42 trawl
samples of which the sampling area was estimated (data kindly
provided by J. VoBb, Kiel. see alse Vofd 1988), and from the 33 photo
stations.

Average weight of Sterechinus spp. was estimated from Lhe
length-frequency distributions and the length-weight regression.
Biomass was estimated by multiplying average weight with average
abundance. To compensate for weight losses due to the storage in
formaidehyde solution, biomass values were multiplied by a factor of
1.2 ¢see Brey 1986 and references Lherein). Abundance and biomass
values were caleulated for the genus. for both species and for difterent
depth strati, We applied Wooll's G-test to i two-way tiable based on
grouping of diata with respect (o the comnon medizn in order to
detect significant differences in abundance between different duta sets
{sce Sachs 1982

Results

Taxonomy and maorphometry

Two species of the genus Sterechinus were found in the
investigation area: Sterecitinus newmeayeri and Sterechinus

antarcticus. These two are clearly separabie by the spicules
in the (ube feet that are not present in S. newmayeri and by
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Fig. 2. Relation between diwmeter and height in 8. nermwayeri and
S, anlarcticus

the valves of the globifercus pedicellariac (see plates in
Koehler 1926 and Mortensen 1920). The relation between
diameter and height is significantly different between both
species (P <0.001), but the distributions overlap (Fig. 2).
The regressions of diameter and jaw length (Fig. 3) are
significantly different (£ <0.001). The relations between
weight and diameter are not significantly different between
the two specics. Fig. 4 shows the regression lines for the
pooled data.

Distribution

The genus Sterechinus was present throughout the whole
investigation arca, at 70 oul of 92 trawl stations {=76%])
and at 24 out of the 35 photographic stations { =44%). §.
newnayveri was found at 30 trawl stations. and S. anrarcti-
cus at 58 trawl stations. From the trawl stations. depth and
qualitative descriptions of the sediment are available.
Table | shows that the percentage of S. antarcticus in-
creases significantly {i.c. the percentage of S. neumayeri
decreases) with increasing depth. whereas the type of the
inorganic sediment and the presence of biogenic sediments
have no significant ¢ffect. Figure 5 shows the partitioning
of abundance and biomass between the two species with
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Fig. 4. Weight-Diameter regressions for Sterechinus spp

depth. 5. neumayeri dominates the shallower regions
above 450 m water depth but lives down to 850 m water
depth. S. antarcticus occurs along the whole depth gra-
dient (100-1200 m), but dominates the deeper regions. S.
newmayeri is not present at many of the deeper stations on
the continental slope and in the Filchner depression.
whereas S. antarcticus is not present at many of the
shallower stations along the castern shelf,
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Table 1. Distribution of the two Srerechinus species in relation 1o
depth and sediment parameters. Sperman rank correlation coetli-
cient matrix. % 8. ani: Percentage of 8. antareticus per sample (%o 5.
newmayeri= 100 % S, anr). Sed. inorg.: O sttt silt sand. 2:sand
gravel. Sed. org: (0 no. bospenge needie felt or dead bryoroans

Depth Sed. inerg. Sed. org,
%s 8. ant. D.642*** -« 0.204 —0(.233
Depth t 05165 - 0.3G8*
Sed. inorg. { )338**

FP001 P <0001 £ 00000

Abundance and biomass

From the trawl samples a total of 1394 specimens of S,
newnayeri and 1113 specimens of S, antarcticus was count-
ed and measurcd. On the photographs 309 specimens were
detected, 217 of these could be measured. Figure 6 shows
the corresponding size-lrequency distributions.

Mean abundance of Sterechinus spp. is estimated to be
0.053 ind/m? (trawl samples) and 0.105ind/m? (photo
samples), respectively (see Table 2). Estimates from trawl
and photo sampies are not significantly different (P > (.10},
neither for the whole depth range nor within the two
depth strata 100-450 m and 450-1200m water depth
(Table 2). Also between depth strata abundances are not
significantly different {Table 2} Average biomass is
estimated to 0.006 gAFDW/m? ((rawl samples} and 1o

0.031 gAFDW/m? (photo samples). Table 3 shows csti-

males ol abundance and biomass per specics and per depth
stratum based on the trawi samples. With respect to the
total depth range, abundances of S. newmaveri and §S.
antarcticus are not significantly different (0.043  vs
0.011 ind/m?), and biomasses arc equal (0.002 gAFDW /m?).
Within the range 100-450 m abundance of S. neumaveri
(0.061 ind/m?) is significantly higher than abundance of §.
antarcticus (0.006 ind/m?). Below 430m 8. neumayeri
shows a significantly lower abundance than S. antarcticus,
<0001 ind/m? vs 0.024 ind/m?. The relation between the
biomass values of both specics is stmilar to abundance:
0.004 gAFDW/m? vs 0.001 gAFDW/m? above 450 m. and
<0001 gAFDW/m? vs 0.005 gAFDW/m? below 450 m
water depth, Within species, the abundance of S. neu-
mayeri is significantly higher above 450 m than below
430 m. whereas no depth related significant differences
could be detected 1 S, anrarcticus.

Discussion

Distribution

Quir results confirm the circum-Antarctic distribution of §.
newmayeri as well as S0 antarcticus (Pawson 1969). In
contrast to Mortensen (1943} and Pawson {1969), who
assume 8. newmayeri o occur only above 700 m water
depth, we found S. neumaveri down to 850 m. §. dentifer,
that may be widespread in deeper Antarctic waters (Paw-
son 19691 was not found at al Either this species is



Fig. 5. Depth distribution of
S.oneumayeri and S
antarcticus abundance and
biomass between 100 m and
1200 m water depth based

on 70 trawl samples (Sum of
both speeies = 100%; a1 each
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restricted to arcas below 1200 m water depth or it is
limited to the Indian Ocean sector of the Antarctic Ocean,
where it was found exclusively up to now.

Qur data on sediment structure are not suflicient to
identify those paramcters which determine the depth
distribution of the two species found (Table 1). Up to now,

only water depth seems to be of importance.

Abundance and hiomass estimaies

The validity of quantitative estimates depends on (wo
parameters, precision (i.c. Jow varability) and accuracy

The missing of a significant difference between abun-
dance estimates of trawl and photo samples most likely
depends on the low level of precision in both data sets, i.c.
an unsufficient number of samples in relation to the large
variation of abundance values encountered. Especiaily the
photo samples include a Jarge number of zero counts,
which decrease the precision of the estimate of average
abundance {see Eleftheriou and Holme 1984). Obviously,
the average sampling area per photo station {47.6 m?} was
to small with respect to the abundance of Sterechinus spp.

The accuracy of an estimate of abundance and biomass
mainty depends on two parameters, size specific gear
efficiency (i.e. gear selection) and overall gear efficiency. In
slow-moving epibenthic animals such as regular sca
archins gear selection depends on the relation between
mesh size and ammatl size only. i.e. below a certain limit
size specific gear efficiency decreases with decreasing ani-
mal size. The size-frequency distributions (Fig. 6) indicate
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Fig. 6. Size-Frequency distribulions of S newmayeri, S. antarcticus.
and Sterechinus spp. in trawl and photographic samples

that this is the casc in the trawl samples as well as in the
photo samples.

With respect to the trawl samples, the smaller animals
are caught more frequently in S. newmaveri than in S.
antarcticus (Fig. 6). This difference may be due to the




Table 2. DMean abundance Niind m®). mean ind, weight W (mgAFIYW) and mean biomass B (gAFDW m”
estimates of Sterechinus spp. from trawl and photo samples. Test on significant differences of abundance
estimales between gears and depth strala by the G-test. NS: Number of samples. Pr Level of significance

Trawl samples

Phioto samples

Depth n) NS N=953% CL P N QAL NS
G0 1200 42 0330046 =010 0.105 +(.097 53
100 430 29 3067 = 0067 =10 0,179 +-0.319 28
P =010 =010
=450 1200 13 0.024 +0.021 >0.10 006 + 0,137 27
W B+ W B

106 1200 1011 0.006 M7 0.031

100 430 39.63 0.003 28593 0.061

>d3) 1208 164.96 005 17797 1014

4 Biomass vahues are corrected for welght loss due to prescrvation by multiplying with the factor 1.2

Table 3 Mean abundance N {ind;m?*+95% CLL mean ind. weight W (mgAFDW) and mean
biomass B (gAFDW,m?) cstimates per species and depth range from trawl samples. Test on
significan t differences of abundance estimates between species and depth strata by the G-test. NS
Number of samples, P Level of significance

S, neumayeri

S, antarcticus

Depth (m) NS N£95% CL P N+95% CL
160 1200 42 0.043-£0.045 =>0.100 0011 £0.007
100450 29 0.061 £0.064 <0.010 0.006-+0.004
P < (1001 =>0.100
> 450 (200 13 <001 4 0.001 <0.001 0.0244-0.021
W B* W B
{00 1200 47.58 Q.002 168.20 (.002
1004350 48.13 0.004 17635 0.001
=450 1200 34.81 < (L0D1 166.59 0.005

* Biomass values are corrected for weight loss due to preservalion by multiplying with the

factor 1.2

clogging of the nel (sponges. sponge debris, bryozoans etc.)
that occured more frequently at the shallower stations
(above 450 m), where S. neymayeri dominates. The difler-
ent shape ol both species. S. newmayeri is more round,
whereas 5. antarcticus is more flat (Fig. 2) may have an
additional effect. The higher average abundance value of
the photo samples (0.105 ind/m?) compared to the trawl
samples (0.053 ind/m?) indicates that the fatter uander-
estimate natural densities due to a lower overall gear
efficiency. Eleftheriou and Holme (1984) discuss the catch
efficiency of trawls and dredges in detail. They conclude
that the efficiency of trawls may be below 10% in certain
cases, especially on uneven ground.

The accuracy of phetographic sampling depends on
the ability of the observer to detect a specimen on a
picture. Figure 6 shows that size specific efficiency de-
creases towards the smaller animals. This may be due to
the fact that smaller specimens often are hidden in the
dense epibenthic assemblages of sponges, bryozoans and
hydrozoans. Additionally, many specimens at the shallo-
wer stalions were covered partially or completely with
pieces of sponges. dead shells, parts of tests of Srerechinus

or other unidentifiable matter on the aboral side. Dayton
et al. (1970) observed this phenomenon in 8. newmayeri al
McMurdo and described it as a protection against the
predatory anemone Urticinopsis antarcticus: ™. .. it (S,
newmayeri) released its camouflage and made its escape,
leaving the anemone with the shell debris.™ U, antarcticus
is known to be circum-Antarctic distributed in shallow
walters, but has not been found in the Weddeli Sea up to
now (K. Riemann-Ziirneck, AWI, personal communi-
cation). However, this hiding bchaviour may also be a
camouflage against predators that locate their prey visu-
ally. e.g. demersal fish. This assumption is strengthened by
the observation that many of the dead tests of Sterechinus
spp. which lay at the bottom show a big hole on the aboral
side. indicating the existence of a predator that attacks the
sea urchins from above.

Due to the limilations of our data (low accuracy of
trawl data. size specific gear efficiency as well as low
precision in both gears). our estimates of abundance and
biomass should be taken with care. All values are min-
imum estimates, especially those which depend on trawl
samples only. However, if we assume that we have sampled
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the sarme population with both gears, we can correct
the cstimates based on trawl samples with respect to the
more accurate photo estimates, le. by the factor abun-
dance, e, abundance,,,, 0.105,0.053, Table 2). Due to
this cormrction. abundance and biomass of §. neumayeri
and 5. amarcticus  (in brackets) are estimaled (o
ORtmdm® & 0007 gAFDW. m® (0012ind m* &
G003 g AFDW.m?) above 450m. <0.00!indm? &
<0001 GAFDW,m? (0.048 ind,m?> & 0.010 gAFDW:m?)
below 430 m. and 0.083ind/m* & 0005 gAFDW /m?
0022 ind'm? & 0.005 gAFDW m?} between 100 and
1200 m water depth.

Gronvth, mortality and longevity

Up to now, no informatiorn is available on these aspects of
the fife history of the two species of Sterechinus, However.
the comparison of the size-frequency distributions (Fig. 6)
indicates distinet differences in growth, mortality and
fonpevity of these closely related species. The clear differ-
ence tn maximum diameter, 66 mm in S. antarcticus and
45 mm in S. newnayeri, may be related to slower growth
andjor longer lifespan in S. antarcticus (see c.g. Pauly
1980). The difference in the slopes of the right descending
arms of the size-frequency plots may indicate a higher
mortality rate as well as higher productivity (sec Allen
1971) in S. neumayeri than in S. antarcticus. Future inves-
tigations on the population dynamics of both species will
answer these questions.
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