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Results of a combined hydroacoustic and midwater trawling 
survey of the Prince Edward Island group 

A combined hydroacoustic and mid water trawling survey of the 
Prince Edward Island Group was completed in May-llme 1980. 
The area was characterised by relatively low zooplankton abun
dance and biomass (0,001 - 2,625 mg dry weight/m3

) , thought 
to be the result of seasonal variation. Dominant species found 
were Parathemisto gaudichaudii. Sagitta gazellae and 
Gaimardia trapesina . Both P. gaudichaudii and S. gazeiJae 
along with Euphausia vallentini were implicated in the diets of 
island-based predators in the region. 

'n Gekombineerde hidro-akoestiese en midwatertreil onder
soek van die Prins Edward-eilandgroep is gedurende Mei-Junie 
1980 voltooi. Die gebied was gekenmerk deur 'n relatief lae 
voorkoms van sooplankton en biomassa (0,001 - 2,625 mg droe 
gewig/m3

), gesien as die gevolg van seisoenale verandering. 
Parathemisto gaudichaudii, Sagitta gazellae en Gaimardia 
trapesina was as dominante spesies gevind. Beide P. 
gaudichaudii en S. gazellae, tesame met Euphausia vallentini, 
is gebruik as aanduiding van die dieet van eilandgebonde roof
diere in die streek. 

Introduction 
Distances between the land masses of the Southern Ocean are 
characteristically vast (Holdgate 1967) . As a result oceanic 
islands form an integral part of the marine ecosystem (Knox 
1960, El-Sayed 1977). Not only do they constitute accessible 
platforms for many land-breeding species (Knox 1960), they 
also provide a rich food resource in their nearshore waters 
(Anon 1978). 

The islands of the Prince Edward group (46° 45'S, 37° 55'E) 
are frequented by many seabird and seal species, particularly 
during summer (Van Zinderen Bakker 1966, 1967, Skinner et 
al. 1978). To what extent these animals prey on nearshore 
plankton and micronekton in the region is largely unknown 
(Anon 1979). A joint hydroacoustic and midwater trawling 
survey was undertaken in an attempt to assess the abundance 
and distribution of potential food organisms in the coastal 
waters of the group. 

Methods 
The survey took place in May-June 1980 and formed part of 
the annual Marion Island Relief Voyage of the M.V. SA 
Agulhas. 

Equipment 

(a) Detection of plankton 

A pre-calibrated 120 kHz echo-sounder (Simrad EKS 120) 
was used for the detection of organism concentrations. It was 
operated in conjunction with an echo-integrator (Simrad QM 
Mk. 1) and strip chart recorder unit (Hewlett-Packard HP 
7702B). The apparatus gave a quantitative estimate of acoustic 
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reflectivity along the survey path. An analogue record of 
scatterer conformations was also obtained. 

(b) Acoustic target identificaiion 

Targets detected by the echo-sounder were to be collected 
for identification using an ''aimed", opening/closing midwater 
trawl (RMT-8m2 mouth), rigged with 5,1 mm anchovy mesh 
(Robertson et al. 1981). As a result of an observed scarcity of 
suitable acoustic targets, this fishing method was only 
employed on three occasions. A total of 14 hauls were fished 
obliquely. Seven of these were deployed into areas of light 
acoustic scatter. The net was shot closed , opened at the 
required depth and towed for 15 mins. prior to recovery while 
still open. A further seven hauls were shot " blind", taking no 
account of scatterer presence. The net was deployed to 50 m 
and fished obliquely. Towing speed during hauls was two 
knots. 

(c) Sampling of surface waters 

Surface waters (0-1 m) were fished using a standard neuston 
net fitted with 950 1-1. mesh (Cheng 1975). This was modified to 
prevent skipping by removal of the buoyancy floats and attach
ment of a 10 kg weight to the lower mouth bar. The net was 
shot daily at approximately six-hour intervals and towed for 
15 m ins. at two knots. 

Survey strategy 

The survey was divided into two parts. Initially a course was 
followed around both islands in the group (Prince Edward and 
Marion). The survey area extended as far as the 1 000 m depth 
contour offshore (Fig. 1) . During the second half of the 
survey, the area between the two islands was covered exten
sively (Fig. 2). Survey speed was 10 knots except when hauling 
nets. 

Data collection 

(a) Acoustic data 

The echo-sounder and integrator charts were annotated 
every 30 m ins. Integrator readings were vetted by reference to 
the corresponding echo-chart record and the volume back
scattering strength/m3/30 min. interval was calculated using 
the following formula (after Urick 1975): 

SV= lOlogD-lOlogR-A - SL - VR- 10logT- 10logi +C( I) 

where: 

SV = Mean volume backscattering strength (dBm-3) 

D = integrator deflection (mm) 
R = width of depth channel integrated (m) (±5 -100 m) 
A= integrator gain (dB) 
SL (source level) = 221 (dB ref. I Micro Pascal at 1 m) 
VR(receivingsensitivity) = - 104,7(dBref.l V per Micro Pascal) 
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L = distance steamed during interval (nautical miles) 
C (equipme nt constant incorporating, amo ng others, trans
ducer sensitivity)= 65,20. 

Mean integrator deflection (D) was calculated for one 
nautical mile and for all intervals: 
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Fig. I (abo,c). The first part of the survey cruise trad •. 
• - Start of ~urvey leg 
e - End of survey leg 
~- Direction of tr;~ ve l 

Fig. 2 (opposite). The second part of the survey cruise track. 
• - Start of survey leg 
e - End of survey leg 
~- Direction of travel 
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where: 
Oi = integrator deflection (mm) for interval i 
Li = distance -,teamcd (n . mile) during interval i 

n = total number of intervals. 

Mean volume bad.-.cattering strength for one nautical mile 
was then calculated using formula (I) and substituting D forD 

.and lctting I = I . 
In order to contour scatterer incidence within the survey 

area. mean volume backscattcring st rength was standardised 
to echo-integrator deflection per half-hourly recording 

interval. 

{b) Biologit'al daw 
Displacement volume of each catch was measured ( Beers 

1976). Catches were sorted and numbers of individual species 
counted. Where\·cr possible. displacement volumes of more 
dominant species were also measu red. Respective catch 
counts and volume~ were standardised to a set tow o f one nclUt
ical mile. Bioma~s da1a were calculated from displacement 
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volumes and a rough df) weight conversion of 12 mglm/ was 
used (Grind Icy & Lane 1979). These were expressed as a func
tion of volume of water filt ered (m3) per haul by each net used. 

Results 

Acoustics 
Approximately I 200 sq. mls. were surveyed acousticall) 

a nd I 010 nautical miles steamed. Reflectivity along the survey 
path was low (Fig. 3). A mean volume scattering <,trcngth of 
-9.t.8.t d B for one nautical mile was recorded. ·n1e highc~t 
value observed was - 81 ,61 dB and the predominant scatterer 
incidence was confined to the channel separating Prince 
Edward and Marion islands (F ig. 3). Correspondingly, few 
echoes were visible o n the echo charts elsewhere in the region. 

Biology 
A total o f 33 net hauls were completed (Fig. 3). Lists of the 

various fauna collected and respective catch counts arc 

I 
55 38°E 

I 
05 



4 

Scale . 1:75000 

46°35
1
S 

I 
40 

I 
45 

I 
50 

37°30E 

N 

~ 

35
1 

T = pulse length (msec) 

MARION ISLAND 

4o' 

L = distance steamed during interval (nautical miles) 
C (equipme nt constant incorporating, amo ng others, trans
ducer sensitivity)= 65,20. 

Mean integrator deflection (D) was calculated for one 
nautical mile and for all intervals: 

n n 

i5 ;: L Di I L Li (2) 
i=l i=l 

S. Afr. T. Antarkt. Nav., Deel 12, 1982 

Fig. I (abo,c). The first part of the survey cruise trad •. 
• - Start of ~urvey leg 
e - End of survey leg 
~- Direction of tr;~ ve l 

Fig. 2 (opposite). The second part of the survey cruise track. 
• - Start of survey leg 
e - End of survey leg 
~- Direction of travel 

I' 

1.0 

S. Afr. J. Antarct. Res., Vol. 12, 1982 

where: 
Oi = integrator deflection (mm) for interval i 
Li = distance -,teamcd (n . mile) during interval i 

n = total number of intervals. 

Mean volume bad.-.cattering strength for one nautical mile 
was then calculated using formula (I) and substituting D forD 

.and lctting I = I . 
In order to contour scatterer incidence within the survey 

area. mean volume backscattcring st rength was standardised 
to echo-integrator deflection per half-hourly recording 

interval. 

{b) Biologit'al daw 
Displacement volume of each catch was measured ( Beers 

1976). Catches were sorted and numbers of individual species 
counted. Where\·cr possible. displacement volumes of more 
dominant species were also measu red. Respective catch 
counts and volume~ were standardised to a set tow o f one nclUt
ical mile. Bioma~s da1a were calculated from displacement 

Scole.1:72000 

46°4o'S 

I 
45 

so• 

I 
37°35 E 

N 

~ 

MARION ISLAND 

5 

volumes and a rough df) weight conversion of 12 mglm/ was 
used (Grind Icy & Lane 1979). These were expressed as a func
tion of volume of water filt ered (m3) per haul by each net used. 

Results 

Acoustics 
Approximately I 200 sq. mls. were surveyed acousticall) 

a nd I 010 nautical miles steamed. Reflectivity along the survey 
path was low (Fig. 3). A mean volume scattering <,trcngth of 
-9.t.8.t d B for one nautical mile was recorded. ·n1e highc~t 
value observed was - 81 ,61 dB and the predominant scatterer 
incidence was confined to the channel separating Prince 
Edward and Marion islands (F ig. 3). Correspondingly, few 
echoes were visible o n the echo charts elsewhere in the region. 

Biology 
A total o f 33 net hauls were completed (Fig. 3). Lists of the 

various fauna collected and respective catch counts arc 

I 
55 38°E 

I 
05 



6 
S. Afr. T. Antarkt. Nav., Deel 12, 1982 

s~----~----~----~----~----~--~----~----~ 

Scale: 

46°35' 

40' 

1:75000 

N 

~ 

• ~1) 

• 27 

• '16 

• 15 

\_2 ~ 

~ 
HAULS 

• Neustron 
0 Aimed RMT-8 
8 Oblique RMT-8 

• 8 

~. ·" ~ • 12 
7 

3 0 0 

• 16 • 9 • 
10 ~: 45' 

~29 4 f, 5 "~·; (.___3~ 
3o \ 

• 6 

2"--

50' 

f 
55' 

MARION ISLAND 

47°00' 

37°30' 35' 40'' 

• 21 

45' 

• 22 

Fig. 3. Positions of various ne t stations and contour values for 
echo-integrator deflection in mm. 

presented (Tables 1 and 2) . No significant differences were 
observed between day or night catch count values for either 
RMT or neuston net (P<O,Ol). There was no difference 
between catches taken by the RMT during "blind" or "aimed" 
fishing (P<O,Ol) and catches with either fishing method were 
sparse. For purposes of further analysis, catch data were 
pooled for each net irrespective of time or method of fishing. 

A scarcity of acoustic results precluded direct comparison of 
net catch with scatterer presence and no relationship between 
mean volume backscattering strength and catch or species was 
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apparent. As a result it was not possible to estimate quantita
tively the absolute abundance of various species collected. 
Catch counts and displacement volumes were used to assess 
the relative abundance of the 10 most common species 
captured by each net (Table 3). Results indicate domination of 
catches by relatively few species. By number 82,5 per cent 
(67,7% by volume) of the total RMT catch consisted of three 
species: Parathemisto gaudichaudii, Sagitta gazellae and 
Sagitta maxima, with P. gaudichaudii comprising 53,6 per cent 
of the total. Total neuston net catch was dominated (75,2% by 
number) by Notothenia marionensis (larvae), Tomopteris sp. 
and Cyridaria sp., with N. marionensis constituting 45,8 per 
cent of the total. A crude conversion of catch displacement 
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volume to biomass in mg dry weight/m3 of water sampled by 
both nets. gave very low values per haul (0.001- 2,625 mg/m3: 

mean 0,13 mg!m·l Further examination of catch data indi
cated that catch composition could have been affected by 
single, large samples and as a result estimates of total catch 
numbers and volumes may have been biased (Tables 1 and 2). 
To further categorise specific abundance in the area. a fauna! 
frequency analysis was done in which each sample was equally 
weighted (Fager 1957). The quantitative importance of a 
particular species was determined by ranking it from I to 10 by 
numerical abundance within each sample. A rank of 1 was 
given 10 points, a rank of 2 equalled 9 points .... and a rank 
of 10 was equivalent to 1 point. Thus a species being ranked 
first in all17 RMT hauls would have had an index value of 170 
points, the highest possible score. The results obtained (Table 
4) with this method were different from those outlined earlier 
(Table 3). Both RMT and neuston net catches could now be 
shown to be dominated by Parathemisro gaudichaudii, 
Gaimardia trapesina and Sagitra gazellae. Notothenia 
marionensis, Tomopteris sp. and Cyridaria sp. were relegated 
further down the neuston catch rank order (Table 4), their 
original ran kings having been the result of single large catches. 

Discussion 

The acoustic results indicate low scatterer abundance 
throughout the survey area (Fig. 3). Both the mean volume 
backscattering strength for one nautical mile ( - 94,84 dB) and 
peak value ( -81,61 dB) were considerably lower than values 
obtained by similar surveys in the San Pedro Basin ( - 70,54 
dB) (Pieper 1979) and in a sector oflndian Ocean adjacent to 
the Antarctic continent ( -77,40 dB) (Anon 1982). Although 
relatively higher scatterer incidence was indicated in the 

7 

channel between Marion and Prince Edward islands, it must 
be concluded that plankton abundance in the Prince Edward 
region was low at the time of the survey. Further substance is 
given to the acoustic result by the rather poor net catches, 
particularly with the RMT (Tables I to 3). 

Low plankton incidence results from a number of complex 
causes and environmental changes (Hart 1942. EI-Sayed 1970, 
El-Sayed et al. 1980). It is most probable that the observed 
results were indicative of seasonal fluctuations of abundance. 
The survey took place during winter, when marked variations 
in primary productivity (EI-Sayed 1967) and zooplankton 
abundance (Foxton 1956, 1962) characterise the Southern 
Ocean. For this reason low plankton abundance at the Prince 
Edward islands during the survey would be expected. 

The above conclusion is substantiated by the fact that many 
of the land-based predators in the region are known to migrate 
away from the jsJands during the winter (Williams et al. 1975, 
1978, Condy 1978, 1979). Presumably they leave in the 
absence of sufficient food, to exploit richer feeding grounds 
elsewhere. 

Most species collected are typical sub-Antarctic surface 
water fauna (Mackintosh 1934, Baker 1954, 1965). The 
amphipod Parathemisto gaudichaudii is widely distributed 
throughout the Southern Ocean (Kane 1966, Thurston 1972) 
and has been shown to form large swarms close to South 
Georgia (Mackintosh 1934, Kane 1966). The chaetognath 
Sagirta gazellae is common in sub-Antarctic surface waters 
having a circumpolar distribution (David 1958, 1962). ln 
contrast, Sagiua maxima is rarely found close to the surface 
(David 1962) although it is endemic to the sub-Antarctic 
region. The presence of this species in the relatively shallow 
waters of the survey area requires explanation. 

Some deepwater and Antarctic species may be introduced 

Table J 
Number of individuals per haul, s tandardised to one nautical mile tow- RMT 

Haul ---
Species 2 4 5 9 11 12 14 16 18 20 27 28 29 30 31 32 33 Total 

COELENTERATA 
Obelia geniculata Hyman 1 
CHORDA TA 

: 2 3 

Salpa fusiformis Cuvier l l 2 
CHAETOGNATHA 
Sagitta gazellae Ritter - Zahony 8 2 73 7 8 3 101 
Sagitta maxima Con ant 2 11 3 9 52 77 
MOLLUSCA 
Gaimardia lrapesina Dell 2 I 1 5 I 2 10 22 
Clione limacina (amarclica) Van der Sp6el 3 1 15 4 23 
Spongiobranchia austral is d 'Orbigny 3 2 5 
Clio pyramidata (anrarctica) Van der Spoel 1 1 . 
Endopreurhidae sp. 1 1 
CRUSTACEA 
Parathemisro gaudichaudii Guerin 63 I 20 210 32 4 330 
Ayrloella magellanica Stebbing 2 2 
Calanus propinquus Brady 3 3 
Euphausia vallentini Stebbing 3 3 
Euphausia sp (L) 

PISCES 
Notorhenia marionensis Nybelin 5 17 18 40 
H mpagifer sp. . 1 1 
Notothenia macrocephla Gunther 2 2 
Total individuals captured 65 4 15 29 9 109 217 70 22 76 616 
Time of haul (GMT + 3) 0 0 8 ~ ~ 
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apparent. As a result it was not possible to estimate quantita
tively the absolute abundance of various species collected. 
Catch counts and displacement volumes were used to assess 
the relative abundance of the 10 most common species 
captured by each net (Table 3). Results indicate domination of 
catches by relatively few species. By number 82,5 per cent 
(67,7% by volume) of the total RMT catch consisted of three 
species: Parathemisto gaudichaudii, Sagitta gazellae and 
Sagitta maxima, with P. gaudichaudii comprising 53,6 per cent 
of the total. Total neuston net catch was dominated (75,2% by 
number) by Notothenia marionensis (larvae), Tomopteris sp. 
and Cyridaria sp., with N. marionensis constituting 45,8 per 
cent of the total. A crude conversion of catch displacement 
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Table 2 
Number of individuals per ha ul, standardised to one nautical mile tow - neuston net 

Species 

COELENTERA TA 
Obelia geniculata Hyman 

CHORDA TA 
Sa/pa fusiformis Cuvier 
Sa/pa thompsoni Foxton 

CHA ETOGNA THA 
Sagitta gazellae Ritter- Ztihony 
Sagitta maxima Conant 

MOLLUSCA 
Gaimardia trapesina Dell 
Spongiobranchia austral is d'Orbigny 
Clio pyramidata (antarctica) Van der Spiicl 
Endopteuthidae sp 

ANNELID A 
Tomopteris sp. 

CRUSTACEA 

3 6 7 

1 

49 9 
3 

3 7 

2 

Haul 

8 10 13 15 17 19 21 22 23 24 25 26 Total 

41 8 4 1 
86 

2 2 

2 
2 

82 1010 

82 
8 

2 

24 

4 6 7 2 
2 

2 

2 
1 

254 
97 

33 
2 
4 
3 

1092 

Parathemisto gaudichaudii Guerin 
Phoronima sedentaria Forsk 
Aytloel/a magellanica Stebbing 
Orndarea ocellar a Thurston 
Rhinocalanus gigas Brady 
Calanus propinquus Brady 
Cyridaria sp. 

2 2 253 33 6 I 22 2 .t 4 2 333 
1 
1 
6 

Euphausia vallentini Ste bbing 
Euphausia longirostris Hansen 
Euphausia sp (L) 
Hippolytidae sp. 
Jassa fa/cata Sexton 

PISCES 

3 

LO 
352 

28 

20 

2 

11 
4 17 

34 252 
2 1 

5 26 

.t 
7 
9 

2 
2 

5 
5 

8 

9 
24 

31 
38 

352 
335 
48 
20 
31 

N01orhenia marionensis Nybelin 
Harpc1gi[er sp. 

3 2180 26 46 2255 

3 3 

Total individuals captured 68 25 25 98 9 84 8 188 323 19 1079 31 101 18 117 4925 

Time of haul (GMT+ 2) S:l;::!;s:l8;::!; 88 8~s:l~8 s:l~8:3 
o"<io<"'io6 "<io 
N -1NOO -tN ;; o6oo<"'i o6o<"'io6 

0,.... !:'~ 0 0 N 0 ..:0 ;____ 

into the Prince Edward region by upwelled water in the lee of 
the islands (Grindley & Lane 1979). It is possible that a similar 
phenomenon could account for the presence of S. maxima in 
the survey area. To date, comprehensive hydrological data are 
lacking for the Prince Edward region (EJ-Sayed 1979). Jt 
would thus be rather premature to conclude that oceanic 
upwelling is important in determining the incidence of specific 
deepwater fauna. Nevertheless future research should take 
into consideration the possible influence of such oceano
graphic phenomena on plankton distribution in the region. 

The fauna! composition of trawl samples varied little (Table 
3) despite obvious differences in sampling strategy of the diffe
rent nets. Six of the 10 most common species were caught by 
both RMT and neuston net. The three most abundant catch 
organisms caught by the neuston net did however differ from 
the RMT catch, when catch count or displacement volume was 
used to assess abundance (Table 3). Catch biomass levels were 
considerably lower than previous values for the region 
(Grindley & Lane 1979) and with the exception of Notothenia 
marionensis collected by the neuston net (1.44 mg/m3) biomass 
of individual species was less than 1 mg/m3. 

On elimination of the bias caused by large samples of single 
species, observed differences in the faunal composition of the 
respective net catches disappeared (Table 4). Parathemisto 
gaudichaudii, Sagitta gazellae and Gaimardia trapesina now 

dominated catches by both nets. These species not only 
occurred most often, but also dominated single catches more 
frequently (Table 4) than other plankters. Not onJy does this 
suggest that these species were most frequently abundant in 
the Prince Edward area, but also that some of the other species 
found (Notothenia marionensis and Cyridaria sp. in particular) 
were patchily distributed (Cushing 1962). There is consider
able need for further sampling in the area in order to inves ti
gate possible effects of patchiness on the distribution of the 
various fauna! elements (Wiebe & 1-loll:md 1968). 

At the moment there is no way of assessing whether 
frequency of occurrence or numerical abundance of plankton 
in individual patches is of more benefit to island-based 
predators. For example, a single large uni-species swarm 
(i.e . Notothenia marionensis: Neuston Haul 18) may be more 
accessible to scavenging predators and hence more important 
to their diet than another species occurring more frequently 
but in less overall numbers (i.e. Parathemisto gaudichaudii). 
Of the more common species collected during the survey, P. 
gaudichaudii and Euphausia vallentini have been shown to 
form large surface aggregations, making them easily accessible 
to bird predators (Kane 1966, Mauchlinc & Fisher 1969). 
Along with S. gazellae, these two species have been suggested 
as important items in the diets of many marine animals (Hart 
1942, Mauchline & Fisher 1969). Both P. gaudichaudii and E. 
val/entini have been found in the stomach contents of rock-
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Table3 
The structure of RMT and Neuston net catches. The 10 most common species captured by each net are listed according to numerical abundance. 
The totals given (column 3) are the sum of the numbe rs of individuals of the given species in all samples taken with each net. Columns 4-8Iist 
respectively the per cent composition by number, the rank order by number, the displacement volume, the per cent composition by volume and 

the rank order by volume for each species. 

Net 

RMT 

Neuston 

Species 

Pararlzemisto gaudichaudii 
Sagitta gaze/lae 
Sa-gitta maxima 
Notothenia marionensis 
Clione limacina 
Gaimardia trapesina 
Spongiobranchia austral is 
Obelia genicu/ata 
Calanus propinquus 
Euphausia vallemini 

Notothenia marionemis 
Tomopteris sp. 
Cyridaria sp. 
Euphausia vallentini 
l'arathemisto gaudic/znudii 
Sagitta gazellae 
Sagiua maxima 
Eup!tausia /ongirostris 
Calanus propinquus 
Gaimardia trapesina 

No. 

330 
101 
77 
40 
23 
22 

5 
3 
3 
3 

2255 
1092 
353 
335 
333 
254 

97 
48 
38 
33 

% Fauna 
by No. 

53.6 
16.4 
12,5 
6,5 
3,7 
3,6 
0.8 
0,4 
0 ,4 
0,4 

45,8 
22,2 

7 ,2 
6,8 
6,7 
5 ,2 
2.0 
1.0 
1,8 
0.7 

Table4 

Rank 
by No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Dis. vol. 
(m I) 

24.2 
5.1 
2,4 

2.5 
1.8 
2.3 
0,8 
0,6 
0.5 
1.0 

113,3 
21.3 
11,3 
12,6 
14,3 
8.2 
2.7 
2 ,2 
1.7• . 
1,9 

% Rank 
byVol. byVol. 
---
51,7 I 
10,9 2 
5,1 4 
5,3 3 
3,8 6 
4.9 5 
1,7 8 
1,2 9 
1.1 JO 
2, 1 7 

58.0 I 
10,9 2 
5.7 5 
6,5 4 
7,3 3 
4,2 6 
1,4 7 
lJ 8 
0,9 lO 
1,0 9 

Fauna.! frequency evaluation of catches by RMT and Ncnston net. 

Net Species 

RMT Parathemisto gaudichaudii 
Gaimardia trapesina 
Sagitta gazel/ae 
Sagitta maxima 
Clione limacina 
Notothenia marionensis 
Spongiobranchia australis 
Obelia genicu/atn 
Euphausia val/entini 
Calam1s propinquus 

Neuston Parathemisto gaudichaudii 
Sagitta gazellae 
Gaimardia trapesina 
Euphausia va/lentini 
Calarws propinquus 
Notothenia marionensis 
Euphausia longirostris 
Sagitta maxima 
Tomopteris sp. 
Cyridariasp. 

Frequency 
(/x hauls) 

6/17 
7/17 
6/17 
5/17 
4/17 
3/17 
2/17 
2/17 
1117 
1/17 

13/16 
7/16 
8/16 
6116 
5/16 
4/16. 
4/16 
3/16 
2/16 
1116 

hopper penguins (Eudyptes chrysocome) collected on Marion 
Island (Miller unpubl. data) . 

Rank by 
Index 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Dominance frequency 
1'2 3 4 56 7 8 9 10 

3 2 1 
- 1 4 
2 ~ 
2 2 - 1 

- 2 1" - - - - -
1 2 
1 

1 -
1 

2 2 4 2 1 2 
3 3 - - - -

2 2 - 3 

• I I 2 
3 ...: 1 
- 1 2 

2 - -

1 1 1 - - - - - -
2 - - - - - - - -

Acknowledgements 

Bioi. Index 
Value 

56 
54 
53 
39 
32 
28 
16 
14 
10 
8 

100 
63 
62 
45 
40 
38 
29 
27 
20 
10 

9 

Concentration of species in large surface swarms would 
effectively exclude them from acoustic detection resulting in 
erroneous estimates of abundance. For this reason, future 
surveys of this nature must supplement acoustic data collec
tion with adequate net sampling of surface waters. Further
more. in the light of the present results , consideration must be 
given to effects of both seasonal and hydrological variation on 
the distribution and abundance of fauna found in the Prince 
Edward Island region. 
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support and advice. Funds from the South African National 
Committee for Oceanographic Research (SANCOR) , the Sea 
Fisheries Research Institute and the Department of Transport 
are gratefully acknowledged. 
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Table 2 
Number of individuals per ha ul, standardised to one nautical mile tow - neuston net 

Species 

COELENTERA TA 
Obelia geniculata Hyman 

CHORDA TA 
Sa/pa fusiformis Cuvier 
Sa/pa thompsoni Foxton 

CHA ETOGNA THA 
Sagitta gazellae Ritter- Ztihony 
Sagitta maxima Conant 

MOLLUSCA 
Gaimardia trapesina Dell 
Spongiobranchia austral is d'Orbigny 
Clio pyramidata (antarctica) Van der Spiicl 
Endopteuthidae sp 

ANNELID A 
Tomopteris sp. 

CRUSTACEA 

3 6 7 

1 

49 9 
3 

3 7 

2 

Haul 

8 10 13 15 17 19 21 22 23 24 25 26 Total 

41 8 4 1 
86 

2 2 

2 
2 

82 1010 

82 
8 

2 

24 

4 6 7 2 
2 

2 

2 
1 

254 
97 

33 
2 
4 
3 

1092 

Parathemisto gaudichaudii Guerin 
Phoronima sedentaria Forsk 
Aytloel/a magellanica Stebbing 
Orndarea ocellar a Thurston 
Rhinocalanus gigas Brady 
Calanus propinquus Brady 
Cyridaria sp. 

2 2 253 33 6 I 22 2 .t 4 2 333 
1 
1 
6 

Euphausia vallentini Ste bbing 
Euphausia longirostris Hansen 
Euphausia sp (L) 
Hippolytidae sp. 
Jassa fa/cata Sexton 

PISCES 

3 

LO 
352 

28 

20 

2 

11 
4 17 

34 252 
2 1 

5 26 

.t 
7 
9 

2 
2 

5 
5 

8 

9 
24 

31 
38 

352 
335 
48 
20 
31 

N01orhenia marionensis Nybelin 
Harpc1gi[er sp. 

3 2180 26 46 2255 

3 3 

Total individuals captured 68 25 25 98 9 84 8 188 323 19 1079 31 101 18 117 4925 

Time of haul (GMT+ 2) S:l;::!;s:l8;::!; 88 8~s:l~8 s:l~8:3 
o"<io<"'io6 "<io 
N -1NOO -tN ;; o6oo<"'i o6o<"'io6 

0,.... !:'~ 0 0 N 0 ..:0 ;____ 

into the Prince Edward region by upwelled water in the lee of 
the islands (Grindley & Lane 1979). It is possible that a similar 
phenomenon could account for the presence of S. maxima in 
the survey area. To date, comprehensive hydrological data are 
lacking for the Prince Edward region (EJ-Sayed 1979). Jt 
would thus be rather premature to conclude that oceanic 
upwelling is important in determining the incidence of specific 
deepwater fauna. Nevertheless future research should take 
into consideration the possible influence of such oceano
graphic phenomena on plankton distribution in the region. 

The fauna! composition of trawl samples varied little (Table 
3) despite obvious differences in sampling strategy of the diffe
rent nets. Six of the 10 most common species were caught by 
both RMT and neuston net. The three most abundant catch 
organisms caught by the neuston net did however differ from 
the RMT catch, when catch count or displacement volume was 
used to assess abundance (Table 3). Catch biomass levels were 
considerably lower than previous values for the region 
(Grindley & Lane 1979) and with the exception of Notothenia 
marionensis collected by the neuston net (1.44 mg/m3) biomass 
of individual species was less than 1 mg/m3. 

On elimination of the bias caused by large samples of single 
species, observed differences in the faunal composition of the 
respective net catches disappeared (Table 4). Parathemisto 
gaudichaudii, Sagitta gazellae and Gaimardia trapesina now 

dominated catches by both nets. These species not only 
occurred most often, but also dominated single catches more 
frequently (Table 4) than other plankters. Not onJy does this 
suggest that these species were most frequently abundant in 
the Prince Edward area, but also that some of the other species 
found (Notothenia marionensis and Cyridaria sp. in particular) 
were patchily distributed (Cushing 1962). There is consider
able need for further sampling in the area in order to inves ti
gate possible effects of patchiness on the distribution of the 
various fauna! elements (Wiebe & 1-loll:md 1968). 

At the moment there is no way of assessing whether 
frequency of occurrence or numerical abundance of plankton 
in individual patches is of more benefit to island-based 
predators. For example, a single large uni-species swarm 
(i.e . Notothenia marionensis: Neuston Haul 18) may be more 
accessible to scavenging predators and hence more important 
to their diet than another species occurring more frequently 
but in less overall numbers (i.e. Parathemisto gaudichaudii). 
Of the more common species collected during the survey, P. 
gaudichaudii and Euphausia vallentini have been shown to 
form large surface aggregations, making them easily accessible 
to bird predators (Kane 1966, Mauchlinc & Fisher 1969). 
Along with S. gazellae, these two species have been suggested 
as important items in the diets of many marine animals (Hart 
1942, Mauchline & Fisher 1969). Both P. gaudichaudii and E. 
val/entini have been found in the stomach contents of rock-
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Table3 
The structure of RMT and Neuston net catches. The 10 most common species captured by each net are listed according to numerical abundance. 
The totals given (column 3) are the sum of the numbe rs of individuals of the given species in all samples taken with each net. Columns 4-8Iist 
respectively the per cent composition by number, the rank order by number, the displacement volume, the per cent composition by volume and 

the rank order by volume for each species. 

Net 

RMT 

Neuston 

Species 

Pararlzemisto gaudichaudii 
Sagitta gaze/lae 
Sa-gitta maxima 
Notothenia marionensis 
Clione limacina 
Gaimardia trapesina 
Spongiobranchia austral is 
Obelia genicu/ata 
Calanus propinquus 
Euphausia vallemini 

Notothenia marionemis 
Tomopteris sp. 
Cyridaria sp. 
Euphausia vallentini 
l'arathemisto gaudic/znudii 
Sagitta gazellae 
Sagiua maxima 
Eup!tausia /ongirostris 
Calanus propinquus 
Gaimardia trapesina 

No. 

330 
101 
77 
40 
23 
22 

5 
3 
3 
3 

2255 
1092 
353 
335 
333 
254 

97 
48 
38 
33 

% Fauna 
by No. 

53.6 
16.4 
12,5 
6,5 
3,7 
3,6 
0.8 
0,4 
0 ,4 
0,4 

45,8 
22,2 

7 ,2 
6,8 
6,7 
5 ,2 
2.0 
1.0 
1,8 
0.7 

Table4 

Rank 
by No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Dis. vol. 
(m I) 

24.2 
5.1 
2,4 

2.5 
1.8 
2.3 
0,8 
0,6 
0.5 
1.0 

113,3 
21.3 
11,3 
12,6 
14,3 
8.2 
2.7 
2 ,2 
1.7• . 
1,9 

% Rank 
byVol. byVol. 
---
51,7 I 
10,9 2 
5,1 4 
5,3 3 
3,8 6 
4.9 5 
1,7 8 
1,2 9 
1.1 JO 
2, 1 7 

58.0 I 
10,9 2 
5.7 5 
6,5 4 
7,3 3 
4,2 6 
1,4 7 
lJ 8 
0,9 lO 
1,0 9 

Fauna.! frequency evaluation of catches by RMT and Ncnston net. 

Net Species 

RMT Parathemisto gaudichaudii 
Gaimardia trapesina 
Sagitta gazel/ae 
Sagitta maxima 
Clione limacina 
Notothenia marionensis 
Spongiobranchia australis 
Obelia genicu/atn 
Euphausia val/entini 
Calam1s propinquus 

Neuston Parathemisto gaudichaudii 
Sagitta gazellae 
Gaimardia trapesina 
Euphausia va/lentini 
Calarws propinquus 
Notothenia marionensis 
Euphausia longirostris 
Sagitta maxima 
Tomopteris sp. 
Cyridariasp. 

Frequency 
(/x hauls) 

6/17 
7/17 
6/17 
5/17 
4/17 
3/17 
2/17 
2/17 
1117 
1/17 

13/16 
7/16 
8/16 
6116 
5/16 
4/16. 
4/16 
3/16 
2/16 
1116 

hopper penguins (Eudyptes chrysocome) collected on Marion 
Island (Miller unpubl. data) . 

Rank by 
Index 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Dominance frequency 
1'2 3 4 56 7 8 9 10 

3 2 1 
- 1 4 
2 ~ 
2 2 - 1 

- 2 1" - - - - -
1 2 
1 

1 -
1 

2 2 4 2 1 2 
3 3 - - - -

2 2 - 3 

• I I 2 
3 ...: 1 
- 1 2 

2 - -

1 1 1 - - - - - -
2 - - - - - - - -
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8 
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29 
27 
20 
10 

9 

Concentration of species in large surface swarms would 
effectively exclude them from acoustic detection resulting in 
erroneous estimates of abundance. For this reason, future 
surveys of this nature must supplement acoustic data collec
tion with adequate net sampling of surface waters. Further
more. in the light of the present results , consideration must be 
given to effects of both seasonal and hydrological variation on 
the distribution and abundance of fauna found in the Prince 
Edward Island region. 
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An analysis of the southern elephant seal Mirounga leonina 
breeding population at Kerguelen 

M.N. Bester 
Mammal Research Institute, 

University of Pretoria, Pretoria 0002 
and P-Y. Lenglart 

CNRS Laboratoire de Zoologie, Faculte des Sciences, 
3400 Montpellier, France 

The spring 1979 breeding population ofsouthern elephant seals 
Mirounga leonina at Kerguelen (49"15'S, 69"30' E) numbered 
2 993 bulls and 38181 cows, with 3629/live pups present during 
the census period. Mean harem strucwre (beachmasters: assis
tant beachmasters : challengers : bachelors : cows) was 
I: 0,43:2,98: 1,54:76, 13±111,55; harem sex ratio and overall 
sex ratio being 1:53,1 and 1:12,8 respectively. Significant differ
ences in the overall sex ratio, harem struclllre and frequency 
distribution exist in comparison with prel'ious surveys, particu
larly that of 1977. These differences may be related to the differ
ence ln the mean census dates of the different years, but were 
also accompanied by a conrinued decrease in both the cow and 
bull componems, corroborating the slump noted since 1970. An 
analysis based on subdivisions of the study area into distinct 
regions, showed area specific increases and decreases in cow 
numbers, in spite of the net decrease in cow numbers. The linear 
regression of area specific percentage pup mortality on the 
density of cows was highly significallf, which could explain the 
area specific j7uctuation in cow numbers, elephant seal cows 
reputedly showing fidelity to their birthsites. This density depen
dent mechanism acts primarily through pup mortality as a func
tion of the density of bulls active in and around the harems, bull 
numbers being positively correlated with cow numbers. 

Die 1979 lente-teelbevolking van suidelike o/ifantrobbe 
Mirounga leonina te Kerguelen (49"15'S,69"30'0) se 
getalsterkte was 2 993 bulle en 38181 koeie, met 36 291/ewende 
we/pies teenwoordig gedurende die sensustydperk. Gemiddelde 
haremstruktuur (strandmeesters : assistent strandmeesters : 
uitdagers: vrygeselle: koeie) was 1:0,43:2,98:1,54: 76,13 
±111,55; met harem geslagsverhouding en algehele geslags
verhouding respektiewelik 1:53,1 en 1:12,8. Betekenisvolle 
verskille in die algehele geslagsverhouding, haremstruktuur en 
harem frekwensieverdeling, bestaan in vergelyking met vorige 
opnames, in besonder die van 1977. Hierdie verskille hou 
moontlik verband met die verskille in die gemiddelde sensus
datums van die verskillende jare, maar was ook deur 'n voor
tgeseue afname in beide die koei- en bulkomponente vergesel, 
wat die plotselinge dating sedert 1970 staaf. 'n Ontleding 
gebaseer op onderverdeling van die studiegebied in duidelike 
streke, het gebied5gebonde toenames en afnames in koeigeta/le 
getoon ongeag die netto afname in koeigetalle. Die lineere 
regressie van areagebonde persentasie welpiesterfte
syfers op die digtheid van koeie was hoogs betekenisvol wat die 
areagebonde wisseling in koeigetalle kan verklaar aangesien 
olifantrobkoeie volgens bewering getrouheid aan hulle geboor
teplekke vertoon. Hierdie digtheidsafhanklike meganisme 
funksioneer hoofsaaklik deur welpiesterftesyfers as 'n funksie 
van die digtheid van bulle wat aktief is binne en random die 
harems, met bulgetalle positief gekorreleerd met koeigetalle. 

Introduction 
Since the cessation of intensive exploitation of the southern 
elephant seal Mirounga leonina during the nineteenth and 
early twentieth centuries, with a brief revival of sealing 
between 1958 and 1964 at Kerguelen (Pascal 1979), population 
size estimates for the Kerguelen archipelago varied between 
100 000 (Laws 1960) and 210 000 (Pascal 1979). Accounts of 
the general biology of this population were given by Ring 
(1923), and Angot (1954). Van Aarde (1980 a & b) described 
harem sizes and harem structure with special reference to the 
influence of beach surface nature and breeding population 
size, and concluded that th1.. M. leonina population at 
Kerguelen is stable but fluctuating based on analysis of 
published information since 1952 (Angot 1954, Bajard 1962, 
Pascal 1979). As the analysis based on subdivisions of the 
study area indicated an increase in the range of fluctuation in 
cow numbers as mean density increased and a change in the 
sex ratio in favour of cows, the present paper provides further 
information on the trend of this southern elephant seal popula
tion concentrating on a possible explanation for the density
related phenomenon in cow numbers. This study forms part of 
a cooperative mammal research programme between France 
(TAAF) and South Africa (SASCAR). 

Descriptions of the study area at Kerguefen (49°l5'S, 
69°30'E), where most elephant seals breed along the southern 
and eastern coastlines of the Courbet Pe ninsula (Fig. 1), 
appear in Angoi (1954). 

Methods 
Sexually mature adult bulls, adult cows and pups were counted 
directly by two observers on foot. Censuses were done from 
15-25 October 1979 at breeding beaches a long the Courbet 
Peninsula coastline from Point Molloy in the south to a point 
between Cap Digby and Cap Noir in the north-east (Fig. 1). 
Adult bulls were al located to four social classes following 
Carrick. Csordas and Ingham (1962). Pups being suckled and 
those that were weaned were scored separately. This allowed 
a predicted assessment of the maximum number of cows that 
would have been ashore during the breeding haulout, using 
the quadratic equation y = 26,4 + 307,6x - 4,57x2, where 
y = number of cows plus weaned pups , x =days of the season, 
day 1 being 19September and day 60 being 16 November (Van 
Aarde 1980a ). This adjustment to cow numbers had to be 
made, since the study area could not be covered within the one 
day period of the peak cow haulout (15 October). Weaned 
pups represented departed cows. In very large harems the 
number of pups being suckled could not be counted with 
reasonable accuracy and therefore their numbers were esti

mated using cow/unweaned pup ratios determined for harems 
of manageable size censused on that particular day(s). The 


