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F I G U R E S  ( C o n r d . )
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The percentage of the total  grabs (C),  total  39
g rab -caugh t  Pec ten  (D) ,  and  ChLanAs  (E )  ,
associated \dith each sediment type is shown,
together with the percentage of grabs on each
sed imen t  wh ich  caughb  Pec ten  (B ) ,  ChLamys  (A ) ,
and  seagrass  (F ) .

a ,  b ,  c .  The  s i ze  compos i t i on  o f  Pec ten  sca l l ops  40
in Geographe Bay in : -

(a) February 1976; (b) and (c) Septenber L976.

The upper sample (a),  was taken by 1.22 m Baird
dredges with I mm plastic mesh lining. The

middl-e sample (b), consists of the coftbined mea-
surable catches of both Lh.e I .22 m and 2.25 m
dredges each without f ine plast ic mesh l in ing.
The histogram marked (c) is the total measurabl-e
catch of  393 grab shots with the 0.5 m2 Baird
grab .

PLATES

The Fisher ies Reseafch Vessel "Fl inders" which
undertook rL]:,e Pecten scallop surveys in February
and Septemlcer 1976 in southern Geographe Bay.

The half square metre Baird Grab with covers
to prevent escape of scal lops i lur ing sett ing
and hauling is shown in the closed. position in its
deck stand aboard "R.V. Fl inders".

The commerc ia l  2.25 m scal lop dredge, in i ts
setf-tipping cradle is shown together with rocks
and debrls caught on a foul haul in Septenber 1976
in southern Geographe Bay .

1 . 4 L
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A . EQUIPMEIfT

Three types of equipment were used in the survey:-

( r )

( i i  )

L.22 m (4 f t )  Baird sty le dredge, inter- tooth spacing
6 -8  cm,  s tee l  meshes  o f  baske t  measur ing  4 .5  x  7 .0  cm.

2 .25  m (7  f t  4  i ns )  Ba i rd  s t y le  d redge ,  o f  commerc ia l
s ize, inter- tooth spacing 3-4 cms, seeel basket meshes
4 . 5  x  7 . 0  c m .  ( p l a t e  2 1 .

In  the  Februa ry  1975  su rvey  by  J .w .  Penn '  t he  I . 22  m d redge
was used with f ine plast ic mesh to retain smal l  scal lops but
in the September survey unlined dredges were used: -

1.  to sample commercial  s ized scal lops more ef fect ively;

2.  to reduce clogging which may have caused the dredge to
f i l l  qu j -ck ly  and thus  ca tch  ine f f i  a ian+ l r r  €^?  +h6

rernaind.er of the haul .

Ci i i )  a 0.5 m2 Baird grab, capable of  accurately sampl ing
larger organisms, such as scal lops, wi thin a hal f
square metre G)late 3I .  The grab could be preset to
to a known deDth, with a maximum of about 22 cm (8

penetratesqudre meEre u)rate J l .  ' Ine grab cou]-d be
to a known depth, with a maximum of about c m  ( 8  i n s ) .
A pl-ast ic mesh cover was used. over the top of  the jaws
to prevent scal lops escaping with the wash dur ing
haul ing. This al ternat ive method of sampl ing would
sample al l  s izes of  scal lops present ef fect ively,
without the select ion expected from the dredge teeth
and baske! meshes. The grab could also reveal areas
unsuitable for dredqes when used in advance of them.

SURVEY PROCEDURES

Dredge trials on mud in I0 fathoms in Cockburn Sound and on
medium grained sand in 5 fathoms off Swanbourne Beach had
previously eseabl ished that t .he fol lowing haul ing condit ions
would produce optimum catch rates:

1.  I lauls should cover 0.3 sea mi les to facj- l i tate posi t ion
f i x i ng  by  rada r  wh ich  i s  p rec i se  to  on l - y  0 .1  nau t i ca l
m i l e s .

Fo r  t he  2 .25  m d redge ,  bes t  ca tch  ra tes  r re re  aL  2 -2 \
knots ground speed. on sand and at 3+ knots on mud..
The opt imum towing speed for Ehe L.22 m d.redge,
although unknown, was presumed to be of the same order
r c  f n r  + h a  1 r ? d 6 r  A r . a A a a  a n r r a a + i n n  n f- .  - -  e n g l n e  r . p . m .
could. be made after hauls to al1ow for chanqinq wind
and swel l .

2 .

A

Haul durat ion should be 5 minutes for the 1.22
to prevent overf i l l ing and 10 minutes for the
dredge which has a much larger capaci ty.

Warp to depth ratios (warp calculated from top
cradle) should be 6 :  1 or less for depths of
or more.

m dredge,
2  . 2 5  m

of t ipper
fB metres
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The benthic topography is dominated. by:  ( i )  a steep shel f
which f lat tens out to the east;  and ( i i )  a considerable area
of rough rocky bottom (see Figure 2,  black patches) which
runs in a broken band SE,/NW along the shel-f . Adjacent depth
soundings (made 150 metres apart) which revealed sudden
changes in depth, were used. as the basis for out l in ing these
areas of rough rocky bottom. The changes were thought to
represent ei ther depressions in the shel ter of  rocky ground
or pinnacles of  reef.  Isolated seagrass meadows, record.ed.
down to depths of 32 metres \^rere replaced in d.eeper water by
a zone of sponge and l ive cora1.

The Department 's diver reported the presence of dist inct ive
furrows which meandered in an approximatel-y perpendicular
direct ion from the shore. In the two hauls which he observed
o f f  P t  P i cque t ,  t he  fu r rows  were  0 .1  me t res  deep .

Dist inct ive sediments (Tabl-e 3,  footnotes) were found. in the
area. Of these, a grey to orange-col-oured coarse to gravel ly
quartz sand (sediment types 5 and 6) was frequent ly found
with l ive Pecten and ChLanys, together with their  shel l -s and
fragrments,  which were indicat ive also of  former populat ions
o f  sca l l ops  i n  t h i s  a rea .  No  l i ve  Pec ten  o r  Ch lamys  were
associated with sedinent types 2 or 4,  probably due to their
1ow frequency in the grab sampl"es.

The major geological  inf luence in the survey area has been
the Dunsborough faul t  which runs from NW to SE crossing the
coast at about Dunn Bay (not shown, but SE of limits of map,
Figure 2).  To the west of  th is is the Leeuwin Block i^/hich
has been the major source of  sedj-ments and is most ly Pre-
cambrian grani t ic gneiss.  To the east of  the faul t ,  s l ippage
has produced a basin,  which is now largely f  i l - led by quartz
sand. sediments.  Isolated outcrops of  green, possibly Jurassic
rock (pers.  comm. B. Balme) exposed by weather ing were also
located to the east of  the fau1t.  In deeper water,  a bio-
strome substrate with isofated pockets of  quartz sand is more
cornmon (pers.  conn. ,J.  Searle) .

DETAIIS OF HAULS AND CONDITIONS

Table I  shows detai ls of  sea and wind condit ions, vessel
or ientat ion, speed, posi t ion, distance travel led, haul  dur-
at ion, warp requirement,  and the cause of foul ing for indiv-
idual  hauls in this survey. The combinat ion of  sea, wind,
warp ,  vesse l  r . p .m . ,  and  d redge  s i ze  de te rm ined  the  e f fec t i ve
speed in knots of  the dredge under tow. The posi t ions of
dredge hauls are shown for the September ]-976 survey in
Figure 2 and for the February L976 survey in Figure 3.

SCALLOP STOCKS AND THE INFLUENCE OF VAR] OUS FACTORS ON CATCHC .

Table 2 shows the actual  catches of Pecten by
of dredge in the Septenber 1976 survey and the
standard. ized to a 5 minute haul of  the 1.22 m
mult ip ly ing the numbers of  Pecten caught with
dredge by the fol lowing factor:

the two sizes
catch rates

A ra^ aa l-rr r

L n e  z .  2 5  m

I
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The main difference between the two surveys was that in Febr-
uary the best catch rates of scallops were in the deeper
\" /ater of f  Pt Picguet 0I  .0- l - .5 naut ical  mi les NE of the Point)
rather than inshore where best catch rates were made in the
September survey. The majority of foul hauls was caused by
tooth darnage through col l is ion with rocks, stones and rocks
f i l l ing the dredges and resuft ing in poor perfornance, or
seagrasses jarmning between the teeth and preventing their
ef fect ive raking. (Table 1.  )

SIZE OF DREDGED SCALLOPS

The size of scallops caught over che survey area in Septerber
showed little vari-ation between hauls with mean height per
haul ranging general ly f rom 63-73 mm (Table 2).  The select-
i .v i ty-of  the gear is ehought to be responsible for the negat ively
skewed  s i ze  d i s t r i bu t i on  o f  pec ten ,  (F igu re  8  (b )  )  .  I n  t he
February survey (Figure 8 (a) ) ,  scal lops in the size range
20-45 run were retained by the f ine mesh pfast ic screens 1in-
ing the dredge and the mean size of  scal lops caught was 66 nr in.
The mean size of  al l  dredge-caught Pecten in the September
survey was 69 mm and the modal c lass was 71-75 mn compared
with the February mode of 65-70 mm. The proport ion of
scal lops l -arger than 70 mm had r isen from 37? in February
(r ' igure 8 (a) )  to 54? in September (Figure 8 (b) )  .  Al though
dif ference in the overal l  s ize composit ion is probabfy due
eo sefeceion, sel-ect iv i ty at  the modal s ize is unl ikely to
be important and it seems probab.Ie that at least some of the
change in modal posi t ion represents growth, of  the same
order as previously observed in Cockburn Sound. The dotted
I ines d.rawn at 70 mm on Figures 8 (a) to 8 (c) represent an
arbi t rary div j -s lon into size (> 70 tnm ) and undersize scal lops
(< 70 mm) as 70 nan would be the smal lest  s ize for ef f ic ient
p rocess ing .
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Two further sites which might prove promising, (marked A, B
on Figure 5) y ielded scal lops at  a densi ty of  two per square
metre in successful  grabs. Area A is rough rocky ground
unsuitable for dredging. Insuff ic ient is known about area B
for comment.

Factors Inf luencing Grab Catches

In Table 4,  catches of Pecten taken by indiv iduaL grab shots
are given for t ransects and stat ions, together with the assoc-
iated cat 'ches of  ChLangs sca11ops, al ive and dead, other
mol luscs, seagrass, ard the sediment type in each grab.

CaLches of l ive Pecten were usual ly taken ei ther associated
with or in c lose proximity to l - ive Chlamgs (Tabl-e 4).  L ive
Pecten were not cornrnonly associated with seagrass, due prob-
abl-y to the di f f icul ty of  burying in sediment containing
ex tens i ve  roo t  ma ts  (Tab le  4 ) .

For the six sediment types l isted as footnotes to Tabl-es 3
and 5, eighty-seven grabs contained. type I sediment , two
grabs type 2, fo.ur grabs type 3, seven grabs type 4, l -05
g rabs  t ype  5 ,  and  175  g rabs  t ype  5 .  A  tes t  o f  s i gn i f i cance
could be undertaken only for sed. iment types I ,  5,  and 5 as
there were too few resul ts for the other sediment types. The
chi square test  showed that the observed frequencies of  Pecten
on these three sediments were signi f icant ly di f ferent f rom the
expected frequencies (p < .0f) .  Figure 7,  shows that type 5
sediment was the most product ive of  Pecteni  508 of the total
grab catch of  Pecten was caughC in this sed. iment which was
present in only 272 of grabs. In ad.di t ion 2L? of grabs on
t]?e 5 sediment contained Pecten. Type 6 sediment was the
next most product ive. Of the total  grabs, 45? contained type
6 sedi .ment and these caught 38? of al l  grab-ca\ghL Pecten
with 10% of grabs on this sediment y ielding Pecben. Sediment
types 5 and 6 together accounted for 84? of EoLaI ChLamgs
caught.  The relat ive incidences of seagrass in each sediment
t ype  were  t ype  I  (30? ) ,  t ype  2  ( I 0OZ,  bo th  g rabs ) ,  t ypes  3  and
4  no  g rabs  w i th  seagrass ,  t ype  5  (44 ) ,  and  t ype  6  (239 )  .

The size composit ion of  grab-caught scatr lops (Figure 8 (c) )  is
interest ing for two reasons. First ly,  i t  demonstrates the
bimodal i ty of  the Pecten stock in Geographe Bay j -n September,
indicat ing the presence of a strong recrui t  c lass f i rst  det-
ected in February,  and now with a mod.e at  56-60 mm, which was
effect ively masked by the select ion of  large sized scal lops
during dredging in September and secondly, because it demon-
strates that providing the capture of  smal ler s ized scal lops was
no t  b iased  by  use  o f  t he  g rab ,  l ess  than  one  th i rd  o f  t he  popu l -
at ion of  scal lops would have been at a s i-ze sui table for process-
' i  - -  i f  ! - r - ^ -rng ,  -L r  caKen  oy  merhods  o the r  t han  d redg ing  (e .g .  sk ind i v ing )  .

The mean densi t ies of  ChLangs scal lops observed from the same
grah sampl ing var ied from 0.1- -  6.4 scal lops per square metre
between transects (Table 3) and the actual-  numbers caught in
indiv idual  grabs ranged from 0-33 Chlamys per grab (= 0-66
ChTanys  pe r  m ' ) .  The  ove ra l - l  mean  o f  0 .82  Ch lamgs  pe r  square
metre is unl ikely to be of  commercial  densi ty.  This f igure is
based on a total  of  196 square metres sampled by grab.
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B AVAILABLE STOCKS OF PZ'CZENI

Desp i te  the  l i ke l i hood  o f  t he  d redge ' s  i ne f f i c i ency  on  the
undulaeing substraee of the survey area in southern Geographe
Bay, the ivai l -able seock of  scal lops there appears to be low
boln in terms of the very limited area where the best catch
rates were taken and also from the mean density revealed by
grab at 0.3 scal lops per square metre.

f f  i t  can be assumed that a 2.25 m commercial  dredge f ishingt
for 10 minutes would catch approximately four t imes as wel l
as a L.22 m dredge f ishing for 5 minutes, the average of f i f ty-
f ive scal lops per standard haul for the four best Septernlcer
hauls,  wou:-a uL 220 scal lops per 10 minute coff i -ercial-  haul-
Assuming four haul-s itl an hour to allow for turnaround ' this
would be equivalent to 44 kg per hour.  Using simi l -ar calcul-
at ions to Convert  the catches per standard haul in September
to equivalent hour ly catch rates with a cornmercia1 2.25 m
dredge, the thir ty-seven hauls remainj-ng af ter el iminat ion of
foul  and unsat isfactory hau1s, and excluding the four best
hauls,  ranged from 0 kg per hour to 26-4 kg per hour with a
mean of 7 -4 kg per hour and with onl-y one haul greater than
30 kg per houi. To support normal economic dredging' minimum
catch iates would need to be considerably more than 44 kg per
hour .

When compared with Cockburn Sound, the catch rates achieved in
eeographe Bay were similar to those in the declining phase of
the Coakburn sound Pecten f ishery,  where the average hourly
catch rate dropped from 50 kg per hour by two vessels in late
1971 to 25 kg by one vessel  in ear ly L974 afLer which the
f i she ry  ceased .

By contrast, the previous peak of that fishery, between
eugust and November 1970, y ielded catch rates of  220-400 kg
p"i  hou. (up to 10 bags per 10 nr inute haul)  over an area cal-
Lulated to be 3.5 square sea mi l -es which supported thir ty
vessels.  By comparison, a much smal ler area'  est imated to be
l i t t le more than hal f  a square sea mi le,  provided the best
catch rates in Sepeenber and February in Geographe Bay.

Ilowever, it may prove more practical in the rough bottom con-
di t j -ons to use a L.22 m dredge in which case the average of
f i f ty- f ive scal lops per standard haul for the four best Sep-
temblr  hauls would convert  Lo 22 kg per hour,  based on eight
5 minute hauls per hour allowing for tr:.rnaround.

POSSIBILITIES FOR COMMERCIAI EXPLOITATION

If a suitable method can be found for harvesting the small
stock in Geographe Bay, the prof i tabi l iey of . the f ishery would
probably be close to break-even point '  even i f  overheads \4tere
kept low. An important economic factor woufd be wheeher
s"- l lops $/ere to be processed with roes on or of f .  A sample
of f i f ly  scal lops from Geographe Bay, taken in late February
showed that most had recently spawned so that meat recovery
at that time rr/ould be alrnost entirely provided by the muscle'
Thus it appears that the Geographe Bay Pecten stock is repro-
ductively in phase wj-l']n Pecten in Cockburn Sound which also
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GRA!
NO.

PECTEN
LI!'E

9!l4!J-C--s8-
LII'E I DEAD

OTTIER MOI,],USCS SEAGRASSES IN GRAB
TRANSECT

NO,
SEDIMENT

TYPE

7 5

1 7
7 A
7 9
8 0
8 I
8 2
8 3
8 4
8 5
86
8 7
8 8
8 9
9 0
9 t
9 2
9 3
9 4' 9 5

9 5
9 1
9 8
9 9

1 0 0
10t-
ro2
103
104
105
t  0 5
1 0 7
1 0 8
109
f10
r l t
1r2r
113
114
1 1 5
116
117
118
119
t20
1 2 1
t22
r23
L24
I25
126
127
t28
I29
r 3 0
f 3 r
132

134
I 3 s

r37
r38
]39
140
1 4 1
142
1 4 3
144
1 4 s
146
741
1 4 8
149
I50
151

1.53F'.
154

P.  du6t ta l ie  &  Eete?ozos tera  3P. 7
1
7
7
7
7
1
7
8
8
8
I
8
8
8
I
8
8
9
9
9
9
9
9
9
9
9
9

10
10
l0
10
10
I O
l0
10
IO

. /  
lconehind 

unduLnd

l ,  I
I t I
1 ' /  |r  Anuenun Gead)' l  t l
|  

,  
l c i f t e  

seednns i

t ? l
GRAB SIICTI NOI DONE

t-

2 0
11

"/.

7

,/

I  Negaca?data sP.

1 I
1 l
1 1
11
1t-
I I
I I
I I
I1
1 1
T 2
l z
T2
t 2
L 2
1 2
L 2
! 2
I 2
L 2
L 2
l 2
1 3
I 3

13

1 3
I 3
1 3
l3
1 3

l 3
l 3
13
f 3
t 3
f 3
13
13

l  {nusiu (dead) I0I

(

t  Megacardi ta sp.
L Mesaca"di ta sP.

|  ' /  |  uotoeal l is ta sp.  I  seasrass
FOU! GRAB AS SPONGE rc& I$D Paeidofid artetralie IN JAWS

I
I
1
I
I
I
I
I
I
1
I
t-

I
I
1

5
6
L

5
5
5
5
5
5
I
t-
t-
t

5
5
I

5
5
5
5
5
5
5
5
6
6
5
5
3
5
5
6
3
1
5
5
5
5
L
1
I
L
I
I
1
1

5

5

5
5

6

2 8
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GRAB
NO.

PEC!EII
LI\,'E

CELAI4YS SP. O1IIER MOLLUSCS SEAGRASSES IN GI{AB
TRANSECT

NO.
SEDIMENT

TYPE
LIVE DEAD

235F
235!'
2 3 7
234
239
240
24r
2 4 2
243
244
245
2 4 5
247
244
2 4 9
250
251

254 i\z

rotjL GFAB, ROCX IN i'Alis
FOUL GRAB, ROCK IN JA!{S

I  Doe inna sF' .

2 0
2 0
2 L
2 t
2 l
2 l
2 L
2 L
2 L
2 l
2 T
Z I
2 l
2 l
2 L
2 t
2 I
2 t
2 I
2 L
2 L
2 L
2 T

z2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 Z
2 2
2 2
2 2
2 2
2 2
2 2
2 Z
2 2
2 Z
2 2
2 2
2 2
2 2
z 2
2 2
2 2
2 2
2 2
2 2
2 2
2 2
2 3

2 3
2 3
2 3
2 3
2 3
2 3
2 3
z 3
2 3
2 1
2 3
2 3

2 3
2 3

z 3

2 3
2 3
2 3

5
5
5
5
5
5
6
5
6
5
5
5
6
6
6
6
6
6
6
6
6

I  Megaca"d i ta  sP.

Pas idas ia  4u6t "a lnB

Pae idon ia  auat rdLnE

Pos id .an id  44s t rd lns

Pae ida  ia  aus t ra l i s

Pas id .oh ia  auet ta l i  s

255
256
251

1 Pos idon ia  au ' t?d l i s
24th Septeniber, 1926

2 5 8
239
260
26r
2 6 2
263
264
265
266
2 6 7
264
269
270
27I
2 7 2
2 7 3
2 7 4
2 7 5
2 7 6
2 7 7
2 7 A

280
281
242
2 8 3
2A4
2 8 5
286
2A7
2 8 8
2 8 9 F
290
29r
292
293
294
295
296
2 9 7
298
299
3 0 0
3 0 r
302
3 0 3
3 0 4
3 0 5
3 0 8
307
3 0 8
3 0 9
310
31r
312

\.

a

V/'

'/,

7
a

6
6
5
6
I
6
6
I
6
5
5
6
6
5
5
5
6
5
5
3
6
5
5
5
5
5
5
5
6
6
6

6
6
6
6
6
5
5
6

5
6
6
6
6
6
1
6
6
5
6
6
5
5
5

Pasi .dokia arctra l is

Paei .donia auatrcLis

2 L
3

I NotocaXl is ta sP.

L Dosaf l ia  sP.
EOUL CRAB, SPONGE AND ROCK IN JAWS

I  Megaca" i lata sP. Pas idon i .a  augt?a lns

Po6 i .d .on ia  a  e  t rd l  i . I

L  NatocaL l ie l ra  sp .

3 0
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GI{AB
NO.

PEC!EI{
IIVE -l-DE6 OTHER MOLI,USCS SEAGRASSES IN GIIAB

STATION
NUMBER

SEDI!4ENT
!YPE

11
I 2
I3
L 4
1 5
1 5
t7
1 8
19
2 0 F

I
"/..

,/,

FOUL, GRAB BADIY DA},IAGED
E e t e r o z o B t e ? a  s p .
UNABI]E TO REPAIR

4
4
5
5
5
6
5
5
7
7

5
6
3
6
5
5
6
6
6

TO4AI,S I 2  seagrass  teco . . l s

NqTES:

1 .

2 .

3 ,

Fou l  g rabs  are  s ign i f ied  by  F  in  g rab  nurnber  co lunn.

Refer to Figure 6 for Posilion of tlesects anal stations.

A dlescription of the sedinent irhicb also appears as a footnote to Table 3 is giveD below:-

Ilq! frne grain quartzose line sand, irith aburdant angular shell fra.rroents and other skeletal
na ter i ' r i l -  co lour  q rey ,  s ize  o f  par t i c les  0 .1 .5  m on averaqe.

!!!!:L minly fine sand (rype 1) and some srawelly coalse sand (rype 5). Abundlance of black
pignentedl carbonate grains. Colour dlalk grey.

I!!El nainly fine qualtzose lirE san.l (rype 1) tosether with a tlace of coarse orange suartz
sanal (Type 4) -

M!_ll minly well sorted coarse orange quartz sand. Minor anount of linestone andt fresh skeletal
fragnents. colour orange, fron iron stains in qErtz qrains and as a coatinq over sketetal
f lagments ,  s ize  o f  Far t i c les  0 .5  -  Inm.

1:!L1 sraverly coarse-very coarse calcareo'trs sanal $ith abunilant skeletal material, poorly sorted.
co lou !  b rown,  s ize  o f  par t l c les  7 -AnI t .  Ch ldn !s  anA Pecte i  she l l  f ragmenes present .

TYPE 6 Min1y coarse qravelty sand irith sone fine sand. crey colour fron black pignenteil grains of
skeletal naterial. ChLany, and Pecten sl]ell fragrents present.

3 2
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FIGURE 8  a ,b 'c .  The s ize  compos i t ion  o t  Pec ten  sca l lops
in Geographe BaY in 3

(a)  FebruarY 1976

and(b) , .c  )  sep tenber  1976.

The upper  sample  (a ) ,  was  taken by  1 .22m Ba i rd  d redges
with Srun plastic rnesh lining. The lower sarnple (b) '
consists of the contcined measurable catches of both the
1.22  m and 2 .25  m dredges,  each w i thout  f ine  F las t ic  mesh
lining. The histogram marked (c) is the total measurable
catch of 393 grab shots with the 0.5 mz Baird grab.
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The hal f  square metre Baird Grab with
escape of scal lops dur ing sett ing and
( in  the  c losed  pos i t i on )  i n  i t s  deck
Fl inder s "  .
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hauling is shown
stand aboard "R.V.
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