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ABSTRACT

™

Taxonomy, growth, reproduction, and feeding were studied in-spiny

. dogfish qupalus acanthias Linnaeus) of British €olumbia waters.
.«

Mogphometric ratios, vertebral counts, and electrophoretic .

analyses ofdogfish from east and w;st coasts of North America

indicate'that those in tﬁé noftheastern_Pacific Ocean comprise one of
several discontjnudus stocks o£1the oosmopolitan species, Squalus
-acanthias Linnaeus. Though the individéﬁl stoéks exhibit
statistically significant differenées.ln me;istic and biochemigal

characteristics, avallable data do not éupport subspecific status for

any of the groups around the Americas.

Ages of dogfish in the Strait of.?eorgia have been estimatedlby
an X-ray spectrometric technique which involves measuring variations
in elemental composition within vertebrae. fﬂe Eesults agreevwéll
with ages determined by codnting dorsal spine‘circﬁii. Values of K'=
O.be, Lpax = 97-3 cm, and t_ = -4.5 yr for males, and K = 0.036,“
Lméx = 128.5 cm, and t, = -6.9 yr for females are suggested for )

von.Bertalanffy growth equations. First year growth, as detefminede by‘
‘length-frequency analysis, is 5 em for both seXesltnpugh growth\kg,‘
captivity is at least 50% greate},

3
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A

_Weight-length relationships were found to-be W(gm) = 0.‘l7x,10'6
1347 (am) and W(gm) = 3.05%x10~% L3:03(mm) for full term and’

barren females respedtidély‘ and W(gm) = 1’.89;(10"6 13:99(mm) for

"

males.
.8
Lengths of dogfish when 50% of stock reach maturity'are478.5 and
93.5 cm fgr malés and females respectively. At these lengths males
are.19 yr of age_and females ‘are 29. Modal lengths of mature males
and females are 85 and 100 cm respectively.

w

Mating oceurs }rom October to January, with a peak _in December.
Male; are capable of mating évery year, with smaller dogfish mating
earlier in the year‘than largér ones.' Females mate eiery second year.
Ovulation of 4 cm diameter eggs closely follows mating. The
fertilized eggS are enclosed in gelatinous cépsules for 4 ﬁonths after
which the gmﬁryos are relegsed‘into the uterine caviéy. ‘Thé external

. 3
yolk supply of the emBryos is totally absorbed by pariurition,
although the internaliyolk is not fully utilized until 2 ?onthg later.
?artu}igion‘occuré from Septembér to January, with a peak in Néveﬁber.
‘Gestation LS roughlx g3vm9ntg;. A méén qf 7.14 progeny ahe’produced |
| peerreeding female. To£a1 mortality from;parturifion t3\modal length

for mature females is 36%.
k-
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Data on stomach contents of 14;796 dogfish from British Columbia
waters were used to construct a fdood budget, taking'iﬁtp consideration
the seasonal rates of fdod consgmption,.and;the relative biomass and
) métqbolic reqﬁirements of different sizes and sexes. The major

dietary components baséd on ocourrenée were 55% teleosts, 35%

-
]

crustaceans, and 5% mollqscs. The primary food items were herring
(22%) and euphausids (Hu%). Prey was.largely pelagic (80%), with
fishes predominating in winter and invertebrates in Summer. Fishes

became more important in the diet with increasing size. ' =

Experimental evidence indicated that. dogfish cdnsume twice as h w7
much food in summer as in winter. . Estimates of annual consﬁmption
varied from five times stock weight for small dogfish to half that for
largar(ahimals. In terms of species of importance to commercial
fisheries, prelimjnary analyse; suggest that dogf;sh consume ne#rly;7‘

times the current annual catch of herring, but less than 0.1 times the

catch of salmon. - -
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GENERAL INTRODUCTION ” -

' . <<

The spiny dogfish, Squalus acanthias L., is a‘speciés of smail

shark which is abundant in British Columbia waters. It is
semi-pelagic in nature, inhabiting continental shelf regions. It is
considered cosmopolitan in distribution though there is some debate as

to whether the various stocks should be designated as subspecies.

In the past these dogfish have provided food and other useful
materials for native Indians. During World Waf II an intensive
fishery developed to provide a valuable source of vitamin A. The
fishery collapsed due éo overfishing (Barraclough 1948) énthhe
development of synthetic vitamin A. The direct commercial importance
of dogfish is now reduced to a small export food market, but they have

a greater signiffcance for their apparent effect on more lucrative
I/r’g . ' .
fisheries by way of predation, gear destruction, and consequent loss

of fishéng time. Although some form of control of dogfish stocks

seems desirable, few studies have attempted to determineffhose data

required for proper ménagemén% as recent literature reviews point out
.\_ * . - ».

p(Rae 1961; Alverson and Stansby 1963; Jensen 1966; Ketchen 1969).

To assess whether dogfish predation is“significantly affecting

.the abundance of species of importance to commercial fisheries,



adequate data on diet are necessary. Dogfish are considered
opportunistic pred?tors whose food consists chiefly of smalier fishes
and various crustaceans. Though several studies providéd dapa on diet
(Razum 1952;'Chatwin and Forrester 1953; Bohham 195&),(no clear
picture of their total feediné habits or impact on other species is
.avajlable since data on consumption by different sizes and at certain

times of the year are lacking. For this reason I did a feeding study. -

IR}
e

o

Assuming management is forthcomjn%%ééh éccurate time-growth
function would be required. Growth in igﬁgth has been estimated from
tagging studies, dorsal spine circuli co&nts, length-frequency data,
and-other age determination methods (Bonham et‘alf 1949; Holland
1957; Ketchen 1975). Since no two studies produced the same results,
age determination by a new method was attempted to clarify thgs issue.

To 'set up methods to regulate catch, the size distribution at
sexuél maturity and production of progeny in relation to recruitment
to the fishery, and times of mating and'breeding must Ee determined.
Reproductively, dogfish are ovoviviparous gnd produce 6 to 7 pups
dﬁring the winter months after a' gestation perjod just short of two
years (Bonham et al. 1949; Ketchen 1972). The actuél times of mating
and breeding were poorly delineated, and the size distribution éf
matures had not been determined. Though lengths at which 50% of stock
reach maturity had been estim;ted, that for males had not been
verified. To correct or verify these data, a study of reproduction

was conducted.



In summary, the purpose of my work is to clarify some of the
poorly undebsiood aspects. of dogfish biology indicated above to
provide adaglional information for future management strategies.. In
this §egard, research has been directed toward the four major areas of

taxonomy, age and growth, reproduction and embryonic development, and

_ food and feeding, each of which ar# presented as distinct chapters.

e SUCE




Chapter 1

TAXONOMIC RE-EVALUATION



INTRODUCTION

®

The spiny dogfiéh of nqr;heastern Pacific waters rangeé from Baja
California to the southern Bering Sea, normally inhabiting the
continental shelf regions (Springer and Garrick 1964, Hart 1973).,
Several authors (Bigélow and Schroeder 1943, Kato et al. 1967, Hart .
1973) suggest this stock is a subspecies of the cosmopolditan species,

Squalus acanthias Linnaeus, but lack evidence to that effect.

.To clarify the taxonomic¢ status of spiny dogfish in this area, I
present data on morphometric ratios, vertebral counts, and
electrophoretié characteristics from sampieé collected on e;st and
west coasts of North America. These are compared with results of

other workers on various stocks within the genus Squalus around.the

world.
S MATERIALS AND METHODS

Spiny dogfish used in this study were collected during 1973-1974
on the west coast of North America, primarily from the Strait of
Georgia, British Columbja. Other dogfish, predominantly larger

individuals, were taken fpom Queen Charlotte Sound, B.C., and in

£

Alaska, (alifornia, Newfoundland, and Nova Scotia waterg.
. 2 :

e



‘Morphometric raéjos:
Strait of Georgia data were.obtajged from 182 individuals
eneompassing the f;l}.sjze ranée. Data were collected to permit
v calculaiion of two morphometric ratios. The first ratio (as used by

revious authors) involves comparison of the lengthr(F) of the

(?Qgexboral fin ,meas{;re‘d from its origin at the fifth gill slit to its
tip with head-length (H) as measured between the fifth gill slit and
the centgr of the naresv(Fig.1-1). The second ratio is the length
_(P-D2); in line with the body Qxis, from the rear base of the pelvic
fin (P) to the rear base of the second dorsal fin (D2) compared with
the length (D1-P) from P to the rear base of the first dorsal fin
(D1). These ratios are related to total body length (tip of snout to
tip of caudal fin when depressed to align with body axis) and sex of

fish, following the method of Lindberg and Legeza (1956) and Forrester

(1972). .
R

Vertebral counts:

The number of vertebrae from T male dogfish ranging in length
from 27 to 89vcm and\109females from 27 to 109 cm collected from the
Strait of Georgia were counted from X-ray negatives. Prior to

_ X-raying a pin was placed at right angles to the body axis throggh the
precaudal pit, a depression at the dorsal base of the caudal fin, to
permit identification .of precaudal and caudal vertebraé (Springer and

Garrick 1964). Caudal vertebrae counts included the urostyle.

o
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Fig. 1-1: Sketch of Sgualus acanthias indicating the morphometric

measurements used in this study (defined more fully in text).
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better resolution and placed over Kodak RP Royél 2 film at a distanc

of 1 m from a Ge ectric 15-90 X-ray unit. " ;

Electrophoretic analysés:
Three or four adult dogfish of each sex from each area were

frozen uithjﬁ 4 hr of capture. Muscle and blood samples wefe taken

for'starch gel electropHoresis from the recently thawed indjviduals

3 e,

and analysed following Tsuyuki et al. (1965).

RESULTS

-

«

Data on relative length of the pectoral fin to head (F/H ratio)

%
compared to body length for dogfish in British Columbia waters are

presented in Table 1-1.° Lengtias and F/d rat;os for immature dogfish -
from the Strait of Georgia (Fig.1-2) are positively correlated
(P<0.05), but the dat; from those showing some sign of gonad or
secondary sexual characteristic development (traﬁsitional dogfish) and
mature animals are not. These data are not plotted, but enclosed
areaé repfesenting the 95% confidence limits around the data over the

length range sampled are indicated (Fig.1-2). This permits a more

ready comparison of dogfish data from other locations and stocks.



A

Table 1-1: Comparison af pectorél fin length relative to head (F/H

ratio) for Squalus acanthias from British Columbia waters.

Number Data Range _
Area/Source/Sex Sampled Length (cm) Ratio‘(i)ﬁ
Strait of Georgia E;N;nm£
This study: - .
: e
Males (immature) U6 25.3.- 63.4 57.1 = 91.5
(trans. & mature) 27 71.8 - 97.8 84.Y - 97.2
Females (immature) 68 24.3 - 9“#5 ‘54.2 - 98.6
(trans. & mature) 32, 78.3 - 122.5 80.6 - 104.3
Forrester (1972):
Males 168 71.6 - 91.5°  81.8 - 100.0
Females * 33 72.6 - ;13.5 85.2 - 100.0
Queen Charlotte Sound |
Forrester (1972):
‘Males 51 Ué.o - '89.8 73.9 - 22,8
Females 47.6 -’111.7 (7u. - 95.7

51




Fig.

. - 1l0a -

1-2: Relationship of relative length of pectoral fin to head

(F/H) ‘and total body length for Sgqualus acanthias (A) males and

(B) females. Enclosed areas represent the 9 % confidence limits
;round the Strait of Georgia data (not ploféig) for the length
ranges sampled. Regression equations of this ratio on length of
immature animals are R(%) = 54.4 + 0.506 L(cm) for.hales and R(%)
= 57.2 + 0.409 L(cm) for females (P<.05). Regressions were not
significant for transitional (see text) and mature dogfish; means
+ 1 3D are 83.7+3.4 and 92.615.3 for males and females
respectively. Data from Lindbefg and Legeza (1956) for the short
fin (o) and long fin (x) forms are superimposed, as are those of

Garrick (1960) for New Zealand (n) and dogfish in this study from

the east coast of Canada (e), Alaska (a), and California (tc).

/

.
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Data on the relatj've position of the pelvic fin to thg dorsal
fins (P-DQ/D?-P ratio) compared to body length for the vérious species
groups within the genus Squalus from this and other studies are given
in Table 1-2. For‘Strgit-of Georgia dogfish (Fig.1-3) this ratio is

negatively correlated (P<0.05) with length.

Dogfish vertebrgi)numbers determfned from North Aﬁerican east and
west coast specimens e presented in Table 1-3. Nelther total length

inor sex are correlated with vertebral numbers.

Electropherograms of muscle myogens and blood hemoglobinsg for
North American east and west coast dogfish are illustrated in Fig.3-h.
Fish of different sizes and both sexes from the same area yielded

similar results.

DISCUSSION !

The spiny dogfish type specimesn, designated as Squalus acanthiasv

by Linnaeus, was described from European waters in 1758. Since that

N
S -
7

time various stocks of morphologically similar animals'sin different
parts of the world have been referred to by this name, although
sometimes as subspecies, or even different species. Many authors

consider the northeastern Pacific stock as belonging to this species,

g

but fu}ther propose that it be accorded subspecific rank based on

differences in F/H ratio and vertebral numbers.
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Table 1-2: 'Camparison of the position of the pelvic fins relative to-

the dorsals (P-D2/D1-P ratio) for the species group divisions

within the genus Squalus.

w

fNumber Data.Rahge

Group/Source/Sex ‘}Sampled Length (cm) ‘Ratio (%)
acanthi;;:

This study - males 80 25.3 - 97.8 92.1 - 54.8

- femalés 102 24.3 - 122.5 78.7 - 45.6

Bigelow and SchroederffT357) - - 2100

Garrick (1960)2 8 23 - 99 293 - 80
blainvillij:®

Bigelow and Schroeder (1957) - - <100

Garrick 4196052 Y 6 21 - 98 327 - 152
gggalops-cubegsis:

Lindberg and Legeza 56)C - - 126

Bigelow and Schro r (1957) - - >100

@ Data derived from Fig.2, p.523.

only given.

plainvillij . (Garrick 1960) =

fernandinus (Bigelow and Schroeder 1957).

i ————————

Their S. brevirostris = S. megafogs (Garrick 1960); mean value



Fig. 1-3.: Relationship of relativé position of pelvic fins to dorsal

fins (P-D2/D1-P) and total body length for Squalus acanthias (A)
males and (B) females. énglosed areas represent the 95%

confidence limits around the Strait of Georgia data (not plotted)

for the length ranges sampled. Regression equations of ratio on .

length are R(%) = 77.4-0.102 L(cm) for males and R(%) =
73.3-0.145 L(cm) for females (P<.05). Data from Lindberg and
Legeza (1956) for the short fin (o) and the long fin (x) forms
are superimposed, as are those of this study for the east coast

of Canada (e), Alaska (a) and California (e).

}:
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Table 1-3: Comparison of vertebral numbers of Squalus acanthias from

the east and west coasts of North America.

Number Mean number of vertebrae Range
Area ' sampled Precaudal  Caudal Total of total
Alaska 6 71.5 28.0 99.5 96-104
British Columbia
a) Queen Charlotte Sound
3 71.5 28.5 100.0 98-103
b) Strait of Georgia
17 71.0 29.1 100. 1 97-103
California 7 72.6 - 28.1 100.7  97-109
West Coast?@ 33 71.542.1° 28.6+1.0 100.1s2.7  96-109
East Coast 8 82.7+1.8 30.2+1.4 112.9+2.4 109-116
Difference 11.2° 1.6 12.8¢

2 Mean of all west coast data presented above.

b One standard deviation.

© Difference between west and east coast significant at 95%

confidence level.
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. R

Fig. 1-4: Comparison of electropherograms of muscle myogens and blood
. —~

hemoglobins for Sgualus acanthj%s from the east and west coasts

of North America. Solutions were introduced at the origins. C

cathode and A = aneqs.
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Lindberg and Legeza (1959) suggested that spiny dogfish on the

east and west coasts of North America be called S.a. acanthias and

S.a. sucglezi respectively, based on F/H ratio differences. My E/H
ratio data for the Strait of Georgja jndicate significant positive
regressions on ngth for rébroductively im@at;re animals, but not for:
tr;nsitjonal nd mature ones. Most of my other ratio data from
Alaska, California, Newfoundland, and Nova Scotia dogfish fall within
the Strait of Georgia F/H data confidence limits (Fig.1-2),‘as do
those of Garrick (1960) for New Zealand dogfish and those of Lindberg
andeegeza (1956) for iheir short fin form from European and '
northwestern'Pacific waters. ‘This sdggests that there is no
justifiable supbspecific distinction among dogfish from these areas.
However, the F/H ratio of theflong fin form (Lindberg and Legeza 1956)
as represented by specimens fromv#he Barents and Wh;te Seas in
northern U.S.S.R. waters and off Cal;fornia, generally falls outside
'the Strait of Georgia confidence limits. The California long fin data
are questionablé, beiné Jerived from one 65 cm male preserved for '
nearly 100 yr. Wwhile most of my dogfish were measured in the freshly
killed state, the Alaska ones were preserved in formalin first, and
had F/H ratios fof males similar to those found by Lindberg and Legeza
(1956). Two 60 cm Strait of Georgia males pﬁeserved for 10 days in
isotoni; 10% formalin solution exhibited a 2.1% increase in F/H ratio

due to differential shrinkage, and a 5.1% length decrease. Thus,

shrinkage of\:fad and body both tend to produce a greater F/H ratio.

D :
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Accordingly, it appears that the long fin status of the single male
described by Lindberg and Legeza (1956)'13 likely ;n‘artifact of
preservation. The data collected from males of‘all stocks sampled in
this and othér studies appear likely to fall within the Strait of

Georgia confidence limits.

The long fin data of Lindberg and Legeza (1956) for female
dogfish from northern U.S.S.R. waters were taken from four
individuals of 65 to 87 cm length. The F/H ratios of three fall
outside my Strait ;f Georgia confidence limits (Fig.1-2), and one of
these is near the upper extremity of my range_for females (Table 1-1).
Since the long rin ratios are greater.than those from the preserved
rAlaska females, preservation effects do not éppear to account for the
F/H ratio differences. However, when relative fin lengths of dogfish
from around the world are compared to the mean summer sea surface
temperatures at their locations of capture, a negative regression is
obtained (r=-0.78, p<0.001, n=18). This indicates that the F/H ratio
is environmentally influenced whiech suggests that subspecific
distinction for ihe long fin forms is not justified. 1In addition,
dogfish migrations have occurred between regions designated by
Lindberg and Legeza (1959) as having the loﬁé and short fin stocks
(Fig;1-5). Interbreeding would tend to eliminate fin differences even
if this were a purely genetic‘ggaractér. WThus, variations in F/H
ratio do not appear to indicate the existence of differences between
étocks that are not attributable to preservation artifacts or

environmental modifications.



Fig.

1-5: Global distribution of Squalus acanthias (shaded area) ég_

d@rived'from Bigelow and Schroeder (1957), Lindberg and Legeza
(1956), Springer and Garrick (1964) and Hart (1973) showing mean
total vertebral numbers (circled) and the number of dogfish
sampled to lower right (from Templeman 1944, Springer and Garrick

1964, this study) for different areas. Arrows indicate apparent

movements of dogfish between stocks as determined by tagging

studies: a = Scotland to Barents Sea (Aasen 1962), b = Scotland

~4+—to Newfoundland (Holden 1967), c = Newfoundland to Iceland

7{Tem§leman 1958), and d = Washington to Japan (Anonymous 1952).

kS
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The other characteristic proposed to/ajstjnguish the northeastern

Pacific dogfish as a subspecies of Squalus acanthias distinct from the-

Atantic form was vertebral numbers. AMy data from east and west coasts
of &orth America indicate that total vertebbal numbers are
significahtly different (Table 1Q3). However, a séutheasiern Pacific
stock has vertebral numbers intermediate to these gpoubs (Fig.1-5).
Mayr (1969) pointé out that ifathe data ranges for pérticular species
char;cteriStics overlap betweep supposedly discontinuous stocks by | '
more than 20%, then by convention they do not deserve subsbecifié
recognition. Overlap exceeds 20% between the northeastern Pacifie and
southeastern Pacific stocks, and also between this iatier stock and

the northwestern Atlantic stock (Table 1-4). Thus, subspecific
desiénatjon for}the northeastern ?acific dogfish'relative to the -

s 4

Atlantic form on the basis of vertebral numbers is not appropriate.
P

To further examine the possibility of subsp;cific distinction

between dogfish from east and west coasts of North Ameﬁica, muscle -

myogens and blood hemoglobins were electrophoretically analysed.
Close similarity of muscle myogen -patterns (Fig.1-4) indicate that on

a geological time scale these stocks have only recently become

separated, or that some genetic interchange still odcurs between them.?

However,- a comparison of blood hemoglobins, which may be more readily}

adaptable than muscle myogens (Tsuyuki et al. 1965), indicate a.

difference between the dogfish stocks from the Strait of Georgia and
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‘Table 1-4: - Vertebra

<

and Sout

between adjacent s ocks

bers of Squalus acanthias stocks around North

Showing calculated degree of differentiation

\\
- Total vertebral
N&mber, number - Overlap

Stocks ~ *  Sampled’ Mean 1sp  coP MCS

Eas{ éOasp‘y.A: 2 112.5.  2.70
| ) 1.27 21

3. South America 5 105.8 2.59
) .. 1.05 29

&est,Coeet N.A. '47 100.3 2.67

e -

a Combined data'gf this study, Springer and Garrick (1964), and

L
2
S

Templeman (1944). X

° LD (coefficient of dlfference)

wnere mean- 1 i3 the largest (Mayr 1969).

” (mean 1 - mean 2)/(SD 1 + SD 2)

Conventional level of

I subspecific differentiation is 1.28 or greater (20% overlap or less

of stock characferjstic).
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the east coast of North America, with the pattern of the California
animals somewhat intermediate. These differences are not attributable
to variations between fetal and adult hehoglobiné (Manwell 1963), as
the dogfish I used are generally of the same size. A gradudl change
in blood hemoglobins from the northeastern Pacific to the southeaétern
P;cific to the north Atlantic is thus indicated, but the apparent
continuity of this chapge removes any support for subspecific

designation of regional stocks. Considering the distribution of

Squalus acanthias (Fig.1-5) and the movements of tagged animals

between stocks, dogfish from any.of these areas are likely to be

little different. :

Additional evidence against subspecific distinction of dogfish
stocks is obtained from the P-D2/D1-P raEio, which, in my>data, has a
negative regression on length (Fig.1-3). {Eggi, P-D2/D1-P ratio data
collected from all areas fall within the 95$’confidence limits of the
Strait of Georgia data..<Though the P-D2/D1-P ratio has contributed to
the clarification of the subspecific question for the northeastern
Pacific sgfjk of Sgualus acanthias, it has also been ﬁhe source of
some confusion in the literature when applied to theAseparation of
species grohps within the genus Sgqualus.

4

Recent authors (Bigelow and Schroeder 1957, Garrick 1960) have

classified all forms of Squalus under one of three major species
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gﬂé;ps as follows: (1) acanthias, (2) blainvillii (fernandinus), and

(3) megalops-cubensis. The northeastern Pacific dogfish is placed in

the first group based on shape of'pectoral fins, position of first

dorsal fin relative to pectorals, appearance of external nares, color

pattern, and the posjtion of the pelvic fins relative to the dorsals

(P-D2/D1-P fatio) Witn regard to this latter characteristic as a
means of sépératjng species groups, my data (Fig.1-3) indicate that
the pelvic fins are closer to the second dorsal, are relatively closer
in larger individuals, aﬁd arevapproximately 8% closer for females
than males. Similar data from other northeastern Pacific dogfish
stocks fall within the 95% confidence limits of my data, as do those
from the east coast of North America. zéowever, for acanthjas dogfish,
Bigelow and Schroeder (1957) and Garrick (1960) reported the pelvic
fins were closer to the first dorsal (Table 1-2). For the blajinvillii

group these two authors differ by noting the pelvic position-as on

opposite sides of the midpoint between the dorsals. In the

megalops-cubensis group Bigelow and Schroeder (1957) and Lindbergrand

-Legeza (1956) noted thét the pelvics weré closer to the first dorsal

tnan the second. Garrick (1960Q0) confirmed this observation by

reporting no difference in pelvic fin positibn between this group and ®

the blainvillii group in which the pelvics were also closer to the

first dorsal. My data (Fig.1-3) suggest\that the ratio differences

reported by these workers may have resulted from the effects of length ' _ o

and sex. Although the species groups may be separable in other jiii;ﬂl//////-$~\\_sw

it appears that the P-D2/D1-P ratio substantially overlaps among

N
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groups and is therefore of little use in distinguishing species,
although its value might be enhanced if supplemented with data on

length and sex.

summary,rthe value of the morphometric ratios, F/H and
P~D2/D1-P, used by other authors to distinguish between subspecies and
species groups respectively, is open to doubt. However, dogfish
migration and muscle myogen batterns indicate that the northeastern
Pacific Ocean spiny dogfish is onerof séverél'stocks comprising the

cosmopolitan species, Squalus acanthjas. Though the North American

east aﬂ west coast stocks of dogfish show ‘diff_er;ences in vertebral
numbers and blood hemoglobin patterns, conventional analyses fail to
Justify subspecific status as a result of overlapping characteristics
between these groups and'a South American stock which has 1ntermediéte

characteristics. Thus, maintenance of the present taxonomic status of

Squalus acanthias i:znnaeus) indjcated by the American Fisheries

Society (Bailey et 1970) for the northeastern Pacific dogfish is

supported.
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Chapter 2

AGE AND GROWTH
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INTRODUCTION

' The age of many fishes can be determined by examining scales,
otoliths, or bones for evidence of seasonal changes in'deposition‘of
qard tissue. However, most of these methods are not applicable to the
elasmobranchs. In this study I attempted to determine ages for the
spiny dbgfiSh using X-ray spegtrometry aqd have related thé data thus
obtained to changes in length and weight. This partidular species is
readily évajlable in British Columbia waters, and is among £he few
living elasmobranchs with dorsal spines. These 3pines were previously
used in an earlier ageing study employing circuli counts. The results
obtained with that method were compared with those obtained by X-ray
~ spectrometry. Length-frequency data and growfh of young'in captivity

also provided some data for independent estimates of age.

.

The possibility of age determination by X-ray spectrometry was
suggested by Calaprice et al. (1571) who noted differences in
elemental compoéition between those portions of molluscan shells laid
down in summer-and winter. 1In the h;rd tissue of many fishes it is
possible to observe such annual variations in deposition visually with
relatively low power magnification.n In dogfish, except for dopsal

spines, no visual patterns reflecting seasonal- changes in growth were

evident in hard tissue. However, it is possible that as environmental
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coﬂditions change seasonally, thé metabolic thake of different
elemengs may also change, either as\a function of biological activity
or element availability. Food consumptjdn or avajlability might limit
 the uptake of a particular element or environmental factors may

differentially affect uptake of elements from water. x-ray

spectroﬁetric measurement Qf sifh quantitative differences in seasonal

Pas -
-

"deposition of elements may offer a new method of age determination.
MATERIALS AND METHODS

X-ray spectrometry:

The 7 male and 8 female dogfish used in this study were collected

betwéen May, 1974, and February, 1975, from the Strait of Georgia
Nanaimo; B.C., Canada. One individual from each 10 cm span o;er the
normal length range for each sex was used.

. / )

The hard tissue of the spiny dogfish suitable for X-ray
spectrometric age aﬁalysis is limited to the skeleton,.lenSés, and
dorsal spine;zf The ch;fé§>of structure used is governed®by its mode
of formatiOntand ease of preparation. Spines were not used because
their formation results in a structure analogous to a series of . '
nesting cups, a cross-section of whiéh might not cut through af1>
layers at any one place (Holden and Meadows 1962).;?Th0ugh the:lenses

show definite concentric form in cross-section, their preparation is

difficult as they are too soft in the fresh state and too hard and
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subject to irregular fracturing in the frozen ofrflxed state. In some
fixatives they are relatively easy to section, buf the chemjgal
composition is radically altered by fixation. Much of the skeleton is
also unsuitable as it is primarily cartilage.and is drastically

misshapen when freeze-dried, a necessary prerequisite for electron
X »~ .
microscopy. However, vertebrae contain inorganic material (largely
calcium and phosphorus) embedded in the Cartilage and exhibit an
increased ﬁercentage ash content with increased size (Doyle 1968),
ﬂ\EEEi>suggest1ng a direct relationship to age. Since they also have

the thickest embedded areas (Benzer 1944) which allows easier X-ray

: Ve
analysis, Lhey seemed an obvious choice for this work.

Vertebrae were selected from the region where they are the
largest, immediately anterior to the first dorsal fin. Excess tissue
was removed, the vertebr;e separated, and frozen. Though I used snly
frozen material, twenty-four hours fixation in alcoholbhad.no
demonstrable effect on elemental composition. However, pfeservation
in formalin or Bouin’s solution erodéd the embedded area and reduced
"the measured age. Subsequent preparation involved ‘freeze-drying the
vertebrae for 24 hr and shaving one end with a razor blade to remoie
the intervertebral cartilage. A stained sagittal section through the
embedded‘area thus exposed (Fig. 2-14,C) indicated that this
procedure transecteé all the tissue layers in this region. The

vertebrae were then glued (Lepage’s Bondfast)'to aluminum sample stubs

and coated with a micro-layer (approx. 50&) of carbon to minimize the
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Fig. 2-1: Dogfish vertebrae used for X-ray spectrometry'in‘(A)
sagittal section indicating embedded area (stained), (B)
cross-section showing scan range (dark line caused by qlecﬁron
beam), and (C) tissue orjentation. ab = cut for sample
preparation of whole vertebra, cd = direction of tissue fibres in

embedded area, and ef = scan range.

. »



< N

28b

K



~ 29 -

possible effects of surface charging which could deflect the electron
beam or reduce repeatability. The sampfé showed no evidence of

contamination from the glue.

)

The equipment used in elemeﬁkal analysis consisted of an ETEC
Autoscan scanning electron microscope, a Nuclear Semi—conductor.
lithium-drifted silicon detector, and a Northern Scientific Econ II
pulse height analyser. This is an energy-dispersive X-ray
spectrometric system in which electrons striking the sample pboduce
X-rays, some of which pass through a collimator to the detector. The
pulse thus generated is relayed ‘through amplifiers to the analyser,
which has a series of iemory units (channels) that divide the spectrum
under consideration into equal energy intervals. The energy level of
the X-rays produced by each element differs; higher emission energies
result from elements with higher atomic weights. The more abundant
elements apgear as peaks above a background radiation level in é
particular channel range on the cathode ray tube display df tne
analyser. The integrated area under each peak is determined by
summation of individual channel data, and can be read from an
additional visual display. Further details on the theory and

operation of this type of system are presented by Woldsetn (1973).

In this work a collimator with a 1 mm diameter aperture was used.

N\

A larger aperture decreased sensitivigj by allowing the passage of

more background X-rays, and a smaller one decreased the count rate,
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thereby increasing analysis time: The collimator was fixed at
approximately 70° off tne vertical eleqtron beam. Best results were
obtained when the sample was‘ﬁreferentially inclined towards tae
collimator at 45° off vertical. For excitation purposes an
accelerating voltage of 30 Kv with a beam current of approximately 1.0
x 1079 amps yielded highest optimum X-ray production;' To maximize
count rate and thus minimize adalxsis time, the sample position was
adjusted on its three-dimensional axls with reference to feedback
impulses from the analyser such that the excitation area was in line

with the collimator.

In my samples caioium and phosphorus were selected fcr analysis.
The energy ;pectrum within wnich elements could pe analysed with tnis
system encompassed approximately 30 élements boqnded by sodium at;the
lower level and molybdenum (near beam energy) at the higher level.
Silicon and aluminum could not be used reliably as they fornm part'of
the detector construction materijals. ?hé ability of specific types or
equipment to reliably analyse different elements is furtner discussed
by Rhodes (1966).

@ R

The sample was rotated to align the desired part of the scan
range (embedded area) with the horizontal stage axis most nearly
perpendicular to the sample-collimator direction. This was neceasary
as the sample tilt was on the latter axis, and moving it resulted in

the electron beam striking the sample at a different vertical
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position. Preliminary analysis résu%}ed in distincg peaks with_an
analysis time of 100 seconds per area. Integration gates were set { &,
around each peak at background level so that the corrected nuaber of
counts under their curves could be determined by subtracting the mean
background from the total between the gates. A CaHPO4 standard

verified that calcium and phosphorus peaks were correctly identified.

Tests did not indicate any appreciable effédts of sample topography,
alteration of composition during analysis, vacuum system

contamination, or dif ferential absorption of X-rays aamong eleménts,

any one of which could have affected the analyses.

Analysis was begun with low magnification at the outer edge of
the scan range, where any changes in elemental patterns might be
closer together reflecting slower growth with increasing age. The
range was traversed (Fi;?2-1B) with non-overlapping sequential areas.
If no cycles were evident after the first series, the micrometer
increment wWas reduced and the magnification increased to allow ﬁore
analysis areas wiihin the scan range. This process was repeated until

cycles were detected and only verified by further increases in

magnification.

Following the scan, the corrected data were plotted and the
number of peaks were counted and used as an index of age. The
validity of observed peaks was established by reference to the

possible range of eguipment counting error. Beam current dr.ft at the
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sample level was generally slow (Q.O1x10'9‘amps«per minute)fando
unidirectional, and thus had little effect on area counts over the
short time intervals required to delineate adjacent peaks and troughs ’

in this study. Possibly the‘general increaée:in element peak neight

from periphery to core as seen in Fig.2-3 resulted from current dr.ft.

v

Using a brass standard, instrument variability at the count level uszd
in this study produced a reading errér of +0.9% Op‘copper'and zine |
(95% confidence limits) on the corrected count level- for the first 500
seconds. As error increased with decreased counts,.an add;tidnal
method of error computation was employed in which 95% confidence
" limits were A+1.96\/TA, where A was ‘the corrected count for tﬂéfmm%
element and TA was the uncorrected,count.“ln any ‘single gh }sls, the
largest of these error calculations was used in évaluéting peak-trough

differences. I assumed that differences had to exceed iwice the error

at the 959 confidence limit level to be considered valid.

Length-frequency analysis:

The data ﬁséd in the length-frequency analysis consiste? of my
records plus those collected by the Pacific Bjological Station, |
Nanaimo, B.C., from the Strait of Ceorgia over the past forty years. -
These totalled 16,650 males and 14,150 females taken at all times of
.the year. The data were plotted by mOntn and séx, the peaks in eacn
length-frequency distribution being assiéned\ages beginning from zero

for the first peak in November (the ngrmal date of pup release) and the

following five months., The second peak appearing in the November to



- 33 -
;
April period and the first peak for the remalniné‘months werér
designated as being the mddal length for a‘dogfish one ye#r,dld, wit.
eacn subsequent peak representing an additional ye?P of age. The

" length estimate at each year of age was taken as the average of tne

peak-frequency lengths for the six months either side of November.

In the calculation of growth curves from ‘both the X-ray
spectrometrywand length-frequency data, the total length at bi;th was
taken as 26.2 cm (n = 46) for males and 25.4 cm (n = 37) for females.
This starting point was based on length measurements of pups (with no
yolk sac remnants) extracted from full term females in November, 1972.

the normal month of parturition (Chapter 3).

Growth in captivity:

Dogfish reéred in captivity were caught in bottom trawls or by
longlining in the Strait of Georgia during 1972 to 1974. Efforts to
maintain the adult and immature animals in captivity were |

;unsuccessful. Though many pups (taken from females at full term) died
soon after removal from the uterus, five survived for up to 1 1/2
years in 0.6 x 1.2 x 0.9 m deep‘indoor tanks in waich mean salinity
was rouéily 30 ppt, mean temp;rature close to 10 C, and an artificial’

day length approximating'that outdoors. Their lengths were recorded

monthly.



- 34 =~
S
Length-weight analysis:
To provide data for growth in weight, length-weight data were -
collected on 535 dogfish as soon after capture as poss}ble. Dogfisn
~

were measured to the nearest cm total length and 10 gm total weight.

Since mature females often aborted pups or eggs when caught, the
(‘:}

[

weight of the remalning ovgrian and uterine eggs, and pups was
suStracted to yield a minimum body weight. As :lhe weignt of mature
females also varied during the year due to pup ahd ovarian egg groﬁth,
maximum body weignt data for speciflc lengths were calculated by
adding the weight of a mean number of eggs and pugs normally carried
by full term females of that length (Ketchen 1975 and my unpublished
data froi a related study). The dogfish used, though predominantly

larger animals, were from the entire size range of each sex.

RESULTS
In dogf'ish vertebrae, calcium and phosphorus were the only
elements cYearly sSeparated by the X-ray spectrometric method

(Fig.2-2).\~The changes in ccncentration of these elements across tne

‘vertebrae of an\adult male dogfish are shown in Fig.2-3. At tne ends
of each scan the concentration of both elements was nearly
.undetectable as the electron beam struck the surrounding cartilage.
To determine sample repeatability, the patterns of elemental

composition within the vertebrae were ascertained twice, with the second

scan iying roughly horizontally at right angles to the first. In eacn

y
e

—
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2-2: Typical data plot for a single 100-second analysis within
the embédded area of a dogfish vertebra. P = phosphorus, Cl =
chlorine, K = pétassium, and Ca = calcium (Ka and Kg are
different X-ray emmission energies for t?é same element resulting
from replacement §f electrons dislodged by the microscope beam by

ones from different orbitals).
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Fig. 2-3: Elemental count pattern for CaKa and P in the vertebra of
' ¢
an 83 cmvStbéit of Georgia ﬁale dogfish. Qonfidence limits of
95% as derived by text method exist about each curve, but are
"
only evident on peaks and troughs. Dates are derived by equating
the peripheral peak as the last complete year of growth, and
working backward through subsequent peaks. Since thé young aqe

normally released in November, and this animal was caught in

June, 1974, an age of 20.6 years is suggested.

/ .



(ww) FONVH NVOS
ot 80 ) g0 %0

30

L v :
(a100)

ggel , 8061 2961

SNYOH4SOHd N

~ 36b ~

NAIJTVO
I

L9861

{£Laoydraed)

6461

-4 06

4 001

Aoz

(5.0001) SINNOD 40 ¥AAWON



- 37 -
case the number of peaks determined were identical in any one

vertebra.

Male and female age-length relationships derived from x-réy
spectrometry age determinétiOn are shown in Fig.2-4. Von Behtalanffy
growth equations were’fitted to these data and the age~length data
&erived frbm length-freqﬁency analyses. The equations have the

following form:

t ° “max

where lt = length at time t, Lpax = heoretical mean max.mum

length, K = growth constant which indlcates the rate at which length
approaches Lpax? and ty = calculated tim® at which length equals
zero. The values for these terms were computed by.the iteragﬁﬁe

method of Allen (1966) and are presented 4in Table 2-1 in comparison to

those obtained for other nort

eastern Pacific populations of dogfisn.
A comparison of growth rates dé' iined from length-frequency data,
reproductive data, and von Bertalanffy eduations derived by X-ray
"spectrometry and other methods for specific size ranges, is shown in  :
Table 2-2. Growth rates determined from reproduétive data involve&%ﬁ
comparison of mean lengths of females carrying a given number of large

ovarian eggsiin one year with mean lengths of those carrying the same

number of first year embryos in the succeeding year.
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Fig. 2-4: X-ray spectrometry age estimates for (A) male and (B)
female dogfish in the Strait of Georgia. Von Bertalanffy growth
curves are Fﬁtted to‘these data (2) and compared to curves -
derived from length-frequency data (1; this study) and spine

~—

circuli counts (3; Ketchen 1975).
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Table 2-1: Comparison of estimated von Bertalanffy growth equat.on
terms based on various methods of age determination for spiny

dogfish stocks in the northeastern Pacific.

Area/Source Sex K Lpay (cm) to(yr)
Strait of Georgia:
(a) X-ray spectrometry M 0.072 98. 4 ~-4.1
’ F 0.037 128.0 -6.6
(b) Length~frequency?® M 0.027 163.0 -7
F 0.013 215.9 ~-7.8
(¢) Spine circuli M 0.067 96. 1 -5.0
(Ketchen 1975) F 0.034 129.1 . =T.3
Hecate Strajt: A
Spine circuli M ©0.092 u. 7 =3.7
(Ketchen 1975) F 0.031 125. 1 -10.6 .
British €olumbia coast:
Ketchen (1975)P M 0.070 99.8 4.7
F ©0.048 125.3 -4.9
Washington coast:
Spine circuli M 0.071 101.8 =5.
Bonham et al.(1949)¢ F 0.036 152.9 -6.$

Roughly 25% of data included from southwest coast of Vancouver
The estimate for females is a composite derived from length-frequency

and reproductive data of Ketchen (1975) for British Columbia
waters, and length-frequency data of Bonham et al.(1949) for the

Washington coast. For males, the estimate is an average derived

Island.

from spine circuli data of Ketchen (1975) for the Strait of Georgia

and Bonham et al.(1949).
Equation terms provided in Ketchen (1975).

S
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Table 2-2: Comparison of female spiny dogfish growth rates determined
from length-~frequency data, reproductive data, and von
Bertalanffy equations derived from other methods of determining
changes in length with increasing age. ‘

9

Mean annual growth increment

: per length range (cm)
Area/Source 44-70 T4-T9 82-87 96-105

Strait of Georgia:
(1) This study
(a) length-frequency
, (b) X-ray spectrometry
(2) Ketchen (1975)
(a) lengthefrequencya ST -
(b) spine circuli 2.4
(c) reproductive dataP® - - -
Washington coast:
Bonham et al.(1949) , .
(a) length-frequency ) 3.3 - - -
(b) spine circuli 3.4 2.6 2.3 1.9

[ACIN\V]

- N —_ N
x O O WU
-— —IN
o &=

— —IN
(@3 \V

2 Also had birth,%first, and second year length-frequency modes
'indicating amnual increments of 4.8 and 6.0 cm for the first and
second years at large, respectively. ‘ '

Comparison of mean lengths of females carrying a given number
of large oé?rian eggs in one year witn mean lengths of those
carrying the same number of first-year embryos in the succeeding year.
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Limited data from studies of growth in captivity in the first
year of life for male and female pups are shown in Table 2-3 and
compared to first year growth computed from the von Bertalanffy
equations. The growth rate duriné thé early years of dogfisn life as

=

derived from length-frequency data is found in Fig. 2-5.

The rel;tionships of total length and body weight for male and
female dogfish were derived by the allometric method of Pienaar and
Thomson (1969) and are illustrated in Fig. 2-6. Tne lower curve (4) is
for immature or barren females. The upper branch (B), for pregnant
femal es, begins at 76 cm, the shortest length at wuich a mature female
has been observed (Ketchen 1972). The difference between these two
curves is the mean weight of eggs'and pups carried by a full term
female. The equations and other sampling data shown in Table 2-4 are
compared with data from similar studies on both tne east and wést

coasts of North America.
DISCUSSION

Elasmobranch age determination has been attempted in various
ways. The only method available, other than tagging or
length-frequency analysis, which are time consuming, expensive, or
inaccurate techniques, has been visual examination of patterns of
deposition in hard tissue. In elasmobranchs spines are uncommon,

teeth are constantly renewed, scales are diminutive, ana most of tne



*8WT] TBATAJNS TENDTATPUT AQ pajySTem

UysTJEOP 184099 JO 3TeJ1S J0J pauTwdelep SE U3JTq 1B UYidua]

‘syjuom G JO
‘syjuom (| JoO
*S3TRWSJ J0J

oJe D pue q WOJJ §6BWTIE3 YIMOJIT UEBSYK

8feuoae ue FulaTAaans sdnd g uo pesegd
efvuoae ue BuraTAdans sdnd € uo paseg

)
q

WO f*GZ pue sayem JOJ WO 2°gZ stenbe

e

9 hl gt g2t 941 6 h foLe (6h61) 'T® 18 weyuog
: 35800 UOjFUTUSEM
G Ll 9t ) T A gt 0°g2 (GL6L) uayoyay
:1SB00 eTqQURTO) USTITJd
0°g g2 0°6t L2 £°G hine (GL61) uayoyay
t11r1eJ3S 97e08H
911 £t 82 L°91 ot hle (6L61) uayoyey (p)
Ll 15 S -g£+g2 L2 9°€ 1" g2 Kousnbaujy-yzdust (0)
LA X! L€ , Lt 861 *0°g 262 Kajswouyoeds Aea-Y (q)
6°Llc 269 L we - 9°0¢ nw.p G°qe Kqvarided uy ymouan (e)
. eT8J4080 JO 3TEJS
(f)8883JDUT (WD)YIMOJSB e(WR)UIJITQ  (%)eseddour (wdo)ymoud g (WO)UIJITQ
aaTler8y Jead I1s4drd 1€ yildua eATIeIOY Jesk qsard 1e yildue 90Jdnog/eady
59 Teway CERY .

%

*S8AJIND YUIMOJF A pjueleldog UOA WOJJ POIBUTIEd d50U7
Uit £q1AaT77ded utT ystJBop Aurds Jo ymodd Jaeef 91s4a7J Jo uosftuaedwo)y :f-Z 81qR]L



. - 43a -

X /
Fig. 2-5: Early life growth rates of male and female dogfish from the

Strait of Georgia as determined from length-frequency data.

Curves are fitted by eye}

~
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2-6: Llength-weight relationships for male and female dogfish
from the Strait of Georgia. For females two curves are presented
aone'the 50% sexual maturity length of 93.5 cm (Ketchen 1972).
The lower one (A) representing animals with no eggs or pups, and
the upper one (B) with full term pups and ripe eggs. At any one
time the weight of a mature female should lie on or between these

two curves. W = weight in grams, L = length in mm.
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skeleton is cartilage. Calcified vertebrae are tne only nard tissue
components conéistently present. Ishiyama (1951), Diaber (1960) and
Berry (1965) noted circull in vertebral cross-sections of skates, as
did Haskell (1949), Aasen (1963), and Stevens (1975) for several
species of sharks. However, I did not observe vertebral circuli in
spiny dogfish, which is consistent with the observation of
Kaganovskaia (1933, 1937) for this particula; species. Since growth
of the elasmobranch skeleton is a one-way process of deposition
(Simkiss 1974), and no internal remodelling or resorption of this
store of minerals apparently occurs, any seasonal or annual variation
in deposition might be detectable by X-ray specfrometry and provide a

measure of age.

In this study, cyclic patterns of calcium and phosporus

concentrations in vertebrae of Sgqualus acantnias were observed

(Fig.2-3) which suggested seasonal changes in rates of deposition.
Some confirmation of this postulate was obtained by comparison of ages
of young dogfish estimated from X-ray spectrometry with those derivea
from length-frequency data. fndividuals which length-frequency data
indicated were one and threé years old éxhibited single and triple
peaks of calcium and phosphorus'in their vertebrae, thus indicating a
yearly period in these éhanges. To further examine this observation,
the temporal and spatial variation of fhe chosen elements in the
environment, and the possible effect of climatic fluctuations on

uptake were considered. 1In British Columbia coastal waters phosp.aorus
-
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J
conce{trations characteristically exhibit -winter maxima and summer
minima, while calcium, which is relatively abundant, remains
practically constant. Hence, phosphorus appear:?to have a yearly
period. Since tﬁe beg} spectrometric patterns of calcium anau
phosphorigﬁfFjg.Z-B) are similar, possibly because phosphorus may have
some direct Bearing on the uptake of calcium (Love 1970), the regular

changes in calcium also appear to be annual,‘VSuggesting that age may

be estimated by counting the peaks.

The widths of peéks (expressed as distance between adjacent
minima) also varied. Since dogfish are poikilothermous these
differences could reflect seasonal temperatdre changes during the main
periods of growth. To examine this hyppthesis, dates were assigned to
each peak by equating the peripheral one as the last complete year of
growth, and assigning years to each previous peak. Though the depths
dogfish inhabit are poorly knowd, when peak widths are compared
(Fig.2-7) with mean annual surface water temperature at Departure Bay,
B.C., the area with records closest to that from which the dogfish
were taken, a significant correlation was found (r = 0.80, P.< J.001,
N = 18).In warm years such as 1958 and 1967 the peak widths were
distinctly wider than in cooler years (1956, 1960, and 1971).
However, the mean‘temperature difference among these years .s less
than 2 C. Since these differences are sméll, temperature may not oe
acting directly to affect elemental deposition, but via some indirect

way.
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2-7: Relationship between vertebral element peak width (distance
between adjacent minima) as determined by X-ray spectrometry for
the dogfish noted in Fig. 2-3 and mean annual surface water

temperature at Departure Bay, B.C.
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Since the spiny dogfish also has circuli on its dorsal sp.nes,
various sﬁudies have used tbe;e as measures of age (Kaganovskaia 1933,
1937; Bonham et al.1949; Holdenvand Meadows 196?; Ketchen 1975). ihe
limitations of spine beadings and the tentative nature of.conclusjons
drawn from them have been reviewéd by Ketcnen (1975). The
relationshlip of length to estimated aze as deduced from X-ray
spectrometry (Fig. 2-~-4), though based on relatively few samples, is
similar to that of Ketchen (1975) derived from second dorsal fin spin:
circuli counts from étrait of Georgia dogfish. Values for E?ﬁﬂ?Zrms
in'the von Berﬁalanffy'equationé calculated from spine data (Table
- 2-1) are sufficiently closq to be within the limits of error for the

. €
X-ray spectrometry method.

The curves describing the age-iength relationship as determined
from length-frequency data (Fig.2-4) correspond with:the X-ray
spectrometry curves for onlyithe first 1§ and 11 years for males and
femaleé-respectively} These differences may fesult from the
difﬁdculty of distinguishing frequency peaks in larger fish, thus
leading to an underestimate of age and cohggquently a nigher estimate
of growth rage. In addition, roughlyQZS% of my length-frequency data
came from the southwest coast of Vancouver Island, which coﬁld have
resulted in incorporation ;%kdata from dogfish Wwith QJfferent growtn
rates. In Table 2-2 growth rates for female dogfish defived from

lengthlfrequency analyses and reproductive data are compared w.tn
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rafes calculated from von Bertalanffy equations derived from data
based on other ageing methods. Though the ra£es derived from

length- frequen0y data in this study were higher than those of X-ray
spectrometry, they were simijlar to those of Bonham et al. (19&9)
However, their spine circuli count method may also have produced an
underestimate of age and a resultant overestimate of growth rate since
they did not compensate for possible mjésing circuli from worn spine~
tips (as was done In Ketchen 19%5), and had fewer data from larger
-anjimals as spines whicn were difficult to_yead were rejected; Growth
rates derived from von Bertalanffy equations for the X-ray
spectrometry data and the spine data of Ketchea (1975) differ most
significantly at smaller sizes, and can be accounteg for by the .
greater departure of Ketchen’s caleculated lehgth'at birth (Table 2-3)
from the observed mean si;e. His length-frequency data and
reproductive data growth rates compare favourably with those derived

/
from X-ray spectrometry.

The values for von Bertalanffy equation terms for the curves
presented in Fig.2-4 re-~emphasize ﬁhé dif ferences among the various
age determination methods. ,Thgse/results from the Strait of Georgia
are compared (Table 2-1) with results from Hecate strait, all Britisa
Columbia waters (Ketchen 1975), and the Washington coast (Bonhawn et

1.1949). With the exception of values from length-frequency data,
the values for most areas are similar. The extreme values for males

are L .. and K for Hecate Strait. However, as Ketchen (1375) po.ints



- 51 -

out, thé largest male in his sample was 89 cm, although I héve
rewmrded Hecate Strait males up to 98 cm. If Lmax was .ncreased
accordingly a corresponding decrease in K would result, placing it
?close to values for other areas. For females the most aberrant data
are the Hecate Strait estimate for t, , the Britisn Coluambia
4estimate for K, and the estimate or Lyag for the Washington coast.‘
Ideally, the term to should reflect the period of gestation,_ah}ch
in the case of dogfish is 1.9 yr (Chapter 3). However. all to teras. -
in Table 2-1 have negative values which are longer than the gestation
period. The von Bertaianffy equation aséumes that growth fol%gws a
uni form pattern from conception to deatih, an unlikely situdtio;. A
large negative value for to, such as found for Hecate Strait
femal es, tnué indicates a poorer fit of the von Bertalanffy curve
during the eariy part of life. In the British Columbia composite
data, K is nearly one-third larger than that of the other curves.
“This term is derived from Ketchen’s (1975) length-fréquency and
. reproduct ive data (Table 2-2), and the length-frequency data of Boniam
et al.(1949), a total of only six points. Considerjng the propoaole
over-estimation of growth rate from length-frequency data, such a
higher K value would be expected. Similarly, Lax for females on
the Washingtoh coast is considerabiy larger than the otner est.mates,
- closely approximating the 160 ca length indicated for the largest
femal e daught in adjacent British Columbia waters {Clemens ana Wilby

1961). However, my data and those from the Pacific Biologicgl Statioa

for British Columbia waters indicate maximum lengths of 130 ca ana 103

&
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cem for females and males respectively. , These figures are more in

keeping with values predicted from the von Bertalanffy equat.ons.

Holden (1973) noted a fairly constanp relationshipyqf length at
50% sexual maturity (1) to maximum length (L .. ) both within a
species and in elasmobranchs generally. For S. acanthias remales
from the northeéstern Atlantic this ratio was 0.76, meaning that the
average female matured at 76% of her qltjmate maximum‘lengtn. For
Strait of Georgia females, using 93.5 cm (Ketcnen 1972) for 1, and
128.1 cm for Lmax as calculated from X-ray spectrometry data, the
ratio is 0.73. On the other hand, the ratio for the Washington coast
females is 0.51, which exceeds the 95% confidence limits (0.64-0.90)
for all 20 elasmobranch species listed (Holden 1973), further
suggesting that the Washington Lmax Is too high. Considering that
all Ketchen’s (1975) analyses of female growth support nis Strait of
Georgia data over that of Bonnam et al.(1949), it app;ans questionable
that the Washington data should be included In his composite ezquat.ons
for Bri£isg Coiumbia waters. Thé validity of. the Bbi£isn Columbia
composite equations therefore seem doubtful since the data1of Bonnam
et al.(1949)kare included. I suggest tﬁat von Bertalanffyleguataons
calculated from age-length-data determined by X-ray spectroaetry anu
Ketchen's (1975) spine daia, whicn nhave values of K = 0.070, Lpax =

97.3 cm, and t = -4.5 yr for males, and K = 0.035, Lpax = 129:5

cm, and to = -6.9 yr:for females, better describe dogfish growth in

the Strait of Georgia.
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The dogfish growth data derived from von Bertalanffysequat.ons
permits a comparison of the estimated length at birth and the raté‘of
growth during the first year (Tapie 2-3). In general, predicted
length at birth was higher than the 26.2 ca for males and 25.4
observed for females, indicating a poorer fit of the von Bertalanffy
equations in this size range. The X-ray spectrometry data fér males
indicated 5 cm growth during the first year, a ;elatjve increase in
length of 20%. Length-frequency data (Fig.é-s) also indicated a 5 cm
growth during the first year for both sexes and a decrease to 2-3
cm/yr by the fifth year of life. Young dogfish kgpt in captivity grew
nearly 7.5 cm in their first year (a relative increase of 30%), thus

indicating a capability for grokth not expressed in nature.

Egnce change in length of any one dogfish jis usually less
variable than weight as a measure of growth in relation to age, it naé
been used in this and -other sﬁudies. However, as most other studies
were restricted in the size ranges saapled, my worx‘was designed to
provide more accurate daﬁa on growth in wejight as a function of
length. For this purpose, length-weight curves have been derived
(Fig. 2-6). Dogfish females not only grew longer and heav.er than
m?{es, but also were heavier per unit length, an observation
ﬁreviously reported by Pugsley (1940) and Bonham et al.(194§) for
dogfish from the west coast of North America, and Templeman (1344) and

Kohler et al. (1369) for east coast dogfish. 1In 2eneral, there’ys
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little difference between the length-weight relationsh.ips derived for
the Strait of Georgia dogfish (Table 2-4), and those for other regions
(above plus Razum 1952 and Jensen 1966) except-for Pugsley (1940)
whose limited numbers and restricted size range have biased his
analysis. Although north Atlantic dogfish grow more rapidly (Holden
;nd Meadows 1962), their length-weight relationships are similar to

those of dogfish in the northeastern Pacific.

This study indicates that tne X-ray spectrometry technique may
provide a measure of age wnich can be used to estimate growth rates.
However, the extent of its use obviously relates to the time and money
available, since it is a time consuming procedure. For example, at
the 100-second analysis rate it takes apEroximately one hour to scén
the vertebra of a one-year old aﬁimal, and six hours for a 30-year
old. However, it is possible that the analysis rate could be improved
by using a continuous sample-stage movement in conjunction witn an -
automatic analyser relay to a computer-plotter. This would reduce the
time required-and m{nimize human error.‘ A system possibly adap;able
to this use has been outlined by Dao (1974). Though age determination
by X-ray spectrometry-has been applied to spiny dogfish in thié'study,
it might be applicable to other fisn Species where no alternative .3
more suitable. Theoretically, it might pbe used for determining th:
age of anylorganism possessing a hard tissue wnich has been subjecLed
to environmental changes during its growth, provided the periodic:ty

is known.
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Chapter 3

REPRODUCTION AND EMBRYONIC DEVELOPMENT

/G
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4

INTRODUCTION ¥

Tne dogfish shark is -an ovoviviparous fish hé;ihg a gestation
period of almost two years and producing only half a dozen progehy per
pregnancy. These reproductive characteristics make it particularly
vulnerable to an intensive fishery such as occurred in Bfitish
Columbia waters during World War II. In this case a drafatic stock
reduction ensued (Barraclough 1948), illustrating the need for
suitable reproductive data on which to base management decisions
should a significant fishefy for this species be re-established.
Subsequent studies clarified many features of reproduction (Bonham et
al. 1949, Ketchen 1972), but data on size distribution at maturity,
timing of mating and breeding, and embryonic development-were still
meagre. This study was directed to filling these voids for Strait of

B

Georgia dogfish.
AATERIALS AND METHODS

From‘August, 1973 to June, 1974, approximately 50 male and 50
i~Q_female dogfish per month of length 65 to 123 cm Qere sa€pled from
commercial troll catcnes from tne Gulf Islands area of the Strait of
éeorgié, B.C., for reproductive analyses. Th;s area is well known for
its abundance of large dogfish which are here’assumed to be

1nepresentative of the size range of matures in the Strait.



- 57 -

To determine state of maturity and gametogenic timing for males,
testes were initially preserved in 104 formalin and transferred to
Bouin’s solution prior to sectioning and staining with hematoxylin and
eosin. For each month the mean proportions of ampullae containing
each spermatogenic stage, as defined and illustrated for northeastern
Atlantic dogfish by Simpson and W#ardle (1967), were determined. These
. stages are: |

(A) Spermatocytes

(B) Spermatids

(C) Spermatid metamorphosis

(D) Sperm in parallel bundles; no Sertoli bodies

(E) Ripe sperm in conical bundles; Sertoli bodies present

(F) Evacuated ampullae.

Tne counts involved determining the number of ampullae containidg each
stage on a straight line bisecting the testes joining the germ ridge
and tne reglion of efferent ductules. Mature males were defined as

tnose possessing any number of evacuated ampullae.

Mature females were categorized in tnree pregnancy stages as
naving either: (a) Large ovarian eggs and flaccid uteri (between
pregnancies), (b) "Candles™ {(gelatinous uterine capsules) containing

enbryos in early stages of development, or (c) Embryos free in uteri

at later stages of development.



- 58 -

‘Length—frequency data necessary for determining modal length of
mature dogfish were obtained from 8900 males and 6200 females whose
lengths were at or greater than the mode among all samples of each
sex. The modes, 84 cm for males and 94 to 96 cm for females, result
from availability of fish to gear and gear selectivity when fishing
for mature sizes. Though these data were collected with all types of
gear, modal lengths for each type of gear fell within 83 to 84 cm and
the distribu}ion of lengths greater than‘the modes were similar,
thus combination of daia is not comsidered to bias the results. These
data consisted of my plus those collected by staff of the Pacific
Biological Sfation, Nanaimo, B.C., from the Strait of Georgia over the
past forty years, although primarily (>80%) within the period

1969-1974.

Ovaries and embryos were preserxeq in 10% formalin. Mean
diameters of developing eggs in the ovaries were determined by
" volumetric conversion. Mean length of embryos and volume of their

external and internal yolk sacs were determined monthly.
RESULTS

The monthly variation in proportions of ampullae containing each
spermatégenic stage for dogfish in the Strait of Georgia is shown in
Fig.3-1 (n = 272). Here and after, data are tted mid-monthly. ' The
range of maturation sizes, determined from histological examination of

testis development, indicated the shortest mature at 72 cm and the
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rig. 3-1: . Seasonal variation in proportions of ampullae containing
each sgérmatogenic stage in tne testes of spiny dogfish in the
Strait of Georgia over a 2 yr period. A = spermatocytes, B =
spérmatids, C = spermatid metamorphos;s,bD = sperm in parallel
bundles with no Sertoli bodies, E = ripg sperm in conical bundles
with Sertoli bodies present, aﬁd F = evaculated ampullae. Dashed

lines join peak frequencies.



- 5% -

o LK

’

¢ VDR | A A A 4 A i

A
g 8 8 @ T 8 ] ° = 8 8 2 g 2
(0/0) JOVLS JINTOOLVIWHIALIS HOVE ONINIVINOD FVIININV

O N O

)

TIME (MONTHS)




- 60 -

longest immature at 93 cﬁ. The cummulative proportions mature as a
function of length were plotted to derivé the length at which 50% of
‘male dogfish reach maturity and shown in Fig.3-2 iﬁ comparison to the
relation between length and percentaéé maturity of females in British

Columbia waters (Ketchen 1972).

To estimate modal lengths of mature dogfish, it is necessary to
derive a female survivorship curve. The origin for‘this curve must be
calculated from the number of embryos prodﬁced oy the meale breeding
stock. Thus, the survivorship curve (Fig.3-3) must be constructed to
determine tne number’of female euwbryos required to produce one
breeding female at the modal lengtn\of‘matdre females. Curve A is
first fitted by eye to length-frequency data for lengths at or gréater
than the frequency mode resulting from availabpility to gear and gear
selection, as tnese data are assumeduto reflect the effects of natdral
mortality on numbers of dogfish with increasing ége. This curve is
-extended linearly (dashed line) from the frequency mode to an
arbitrary number of progeny at the length at birth. The relative
nhmbersvat birth (lo) are then determined by an iterative method of

balancing numbers of embryos produced Dy a breeding stock ( lemx)
T

and the number’'of breeding females ( Zk,) using the formula:

—J_K—E]: - = 1
[lOJ ka
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3-2: Cummulative percentage. of maturebmale dogfish in the Strait
of Georgia as a function of length in‘comparison to the relation
between length and percentage maﬁurity of feméle dogfish in
British Columbia watens (Ketchen 1972). The sizes at which 50%
are mature, as indicated by presence of evacuated ampullae and

embryos or mature ova, are shown.
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Fig. 3-3: Calcula;ed tength-frequency distribution of mature female
dogfish in British Columbia waters to indicate modal length.
Curve A is fitted by eye to length-frequency data (o); the dashed
portion is part. of an assumed survivorship curve. Curve B is
derived from the application of Ketchen’s (1972) data on maturity
as a function of lengtn (Fig.3-2) to curve A. Curve C, the number
of embryos per female as a function of length (Ketchen 1972), is
used to calculate the origin of the survivorship curve. Age axis
at top of figure is calculated from von Bertalanffy growth
equations in chapter 2. The shaded area represents presumed

immature dogfish nunbers.

.
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for the appropriate value of 1, such that k (at modal length of
mature females) = 1.00 (Table 3-1). In this equation, the terms are

derived as a function of length and defined as follows:

(1) x - age class [as determined from von Bertalanffy growth
equations in chapter 2]. |

(2) lx - number of females surviving to beginning of age class
[Curve A in Fig.3~-3; 1, = numbér at birth].

(3) m, - number of female embryos per female per year
{0.5(50:50 sex ratio) 0.5(2 yr gestation) Jx fx].

(4) k, number of females breeding per year (Curve B in Fig.3-3

:721( ;

< 0.5(2 yr gestation) Jxg lx]‘

and- in these,

(5) jx - percentage distribution of mature females [Fig.3-2
(Ketchen 1972)1].
(6) f, - number of embryos per breeding female [Curve C in

Fig.3=3 (Ketchen 1972)].

From term U4, 1, = 2x,/j,. Therefore, at k(mode) = 1.00,

j{mode) = 0.34, and 1l(mode)

2.27. By iteration the appropriate lO
= 3.57 embryos as indicated in Table 3-1, a life table for female
d0gfish in Britisn Columbia waters. The modal length for mature

{emales can oe observed at 100 cm in Fig.3-3. With a_50:50 gex ratio
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Table 3-1: Assumed life table for mature female dogfish in British
Columbia waters. Values derived through age-length function of
Chapter 2. Terms defined in text. m = mode.

Agp Total Nusber Nuaber Q embryoe Total @
class length breeding surviving per Q sabryos
x(yr) (cm) Ky b n 1my

0 25.4 0 3.57 0 0

20 19.6 0 2.68 0 0

21 81.4 0.03 2.84 0.02 0.06

22 83.1 0.05 2.8 0.04 0.11
23 84.7 0.09 2.17 0.06 0.17

2k 86.2 0.13 2.7% 0.10 0.27
25 87.7 0.21 2.70 0.16 0.43

26 89.2 0.27 2.67 0.23 0.61
27 90.6 0.35 2.63 0.33 0.87

28 91.9 0.48 2.60 0.47 1.22

29 93.2 0.62 2.56 0.66 1.69

30 94.5 0.69 2.53 0.77 1.95
3 95.7 0.77 2-49 0.91 2.27

32 96.8 0.86 2.46 1.06 2.61

33 97.9 0.97 2.41 1.27 3.06

34 99.0 0.99 2.35 1.37 3.22
35 100. 1 2 1.00 2.27 1.49 r 3.38

3% 101. 1 0.98 2.17 1.56 ® 3.39

37 102.0 0.95 2.06 1.65 ® 3.40

38 103.0 0.88 1.90 1.7 3.25

39 103.9 0.82 1.73 1.79 3.10
40 104.8 0.76 1.60 1.85 2.96

41 105.6 0.71 1.46 1.93 2.82

42 106.4 0.64 1.32 1.97 2.60

43 107.2 0.59 1.18 2.03 2.%0

4y 108.0 0.53 1.07 2.06 2.20

us5 108.7 0.47 0.96 2.10 2.02
4 109.4 0.42 0.85 2.14 1.82
u7 110.0 0.37 0.74 2.17 1.61
48 110.6 0.31 0.63 2.22 1.40

49 111.3 0.26 0.52 2.26 1.18

50 111.9 0.23 0.45 2.29 1.03

51 112.5 0.19 0.38 2.32 0.88

52 113.1 0.17 0.34 2.35 0.80
53 113.6 0.15 0.30 2.37 0. 71

54 114, 2 0.12 0.25 #  2.40 0.60

55 / 114.7 0.10 0.19 2.43 0.46
56 / 115.1 0.08 0.17 2.45 0.42

57 115.6 .07 0. 14 2.47 9.35

5 116.0 7.06 0.12 2.50 0.30

3 116.5 2.05 ©0.10 2.52 0.25

) 116.9 9.05 0.09 2.54 9.23
3 17.3 0.04 0.07 2.56 0.18
%2 17.7 3.03 0.06 2.58 0. 15
;3 118,13 2.03 0.05 60 0.13
) 118.5 5.G2 0.04 2.62 n.1¢
165 118.8 n.02 0.04 2.63 0.1
166 119.1 0.02 0.03 2.65 0.08
P7 119.5 2.01 0.03 2.67 0.08
6= 15.8 5.01 n.02 2.69 0.05 i

59 1201 0.01 0.02 2.70 0.0% C

7% 1204 0 0 2.71 0

Zk, = 17.66 Tl = 63.03
‘;};
!
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at birtn, a similar survivorship cyrve for males would also begin at

"3.57 embryos. Assuming that modaI\numberq of mature dogfish are

similar for both sexes, then modal length of mature males (85 cm) can
be determined by applicatigg/of data on the distribution of maturity
as a'function of length (Fig.3-2) to the assumed survivorship curve

(Fig.3-4).

The seasonal distribution of pregnancy stages for mature females
is shown in Fig.3-5. Approximately half of the mature females wduld -
be 12 months out of phase with this distribution since they have a 2

yr gestation period.

The development of ovarian eggs to the time of ovulation is shown
in Fig.3-6A. In Fig.3-6B the growth of the embryo to parturition is
indicated, and the change in volume of the external and internal yolk

sacs are presented in Fig.3-6C.

DISCUSSION
, -- .

Certain features of thé/size distribution of mature dogfish in

]

1 .
the Strait of Georgia were/in doubt at the initiation of this study.

Histological examinatiodfof testes indicated 50% of males to reach
maturity at 78.5 cm body length (Fig.3-2). I did not determine the
lengtn when 50% of females reach matufigx/és Ketchen (1972) recently

reported this to be 93.57cm for females taken primarily from the

oy
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Fig. 3-4: Calculated length-frequency distribution of mature méle
dogfish in British Columbia waters to‘indicate modai length.
Curve A is fitted by eye to length-frequency data (o);_thekdashéd
poftion is part of an assumed survivorship curve. Curve B is :

derived from the application of Fig.3-2 data’on.maﬁurity as a

function of length to curve A. Age axis at top of figure is

calculated from von Bertalanffy growth equations in chapter 2.

The shaded area repﬁesentsApresumed immature dogfish numbers.
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A

3-5: Distribution of pregnancy stages in Strait of Georgia
mature female dogfish over the 2 yr gestation period. Candles
are encapsulaied uterine eggs in the early stages of
embryblogical developqent. Females between pregnancies have

released progeny but not yet ovulated.
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Fig. 3-6: Egg and embryo growth in Strait of Georgia dogfish. (A)
Changés in ovarian egg diameter prior to ovulation, (B) changes
in embryo length prior to parturition and (C) changes in

volume of yolk during gestatlon

&
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Strait of Georgia (Fig.3-2). Ages at 50% maturity sizes are 19 and 29
yr for males and females respectively }chapter 2). These length |
estimates at 50% maturity both exceed those of 72 cm for males and 92
cm for females noted earlier by Bonham et al. (1949) for waters off
Washington State, U.S.A. The greater difference in the data for males~@
may relate to the greater diffiéulty in determining the sté;e of
maturity, that is, microscope examination of testes sections as
opposed to grogs observation of uterine and ovarian contents. Though
the sige differences when 50% of stock reach'magurity may result from
different sample sizes or methods,‘;hey may also be reflections of

\\.’

different réﬁés of maturation under the different environmental
-conditions of the St}ait>of Georgia énd ;hé Washington coast. *

” However, another possibility exists. There was some indication in the
examination of testes that ;maller males mate earlier than lafger ones
(discussed later). Thus, biases ;n sampling time might influence
determinationJSf length when 50% are mature though this is unlikely in
my determinations as data were collected regularly throughout the
yea£. Bonham et al. (1949) did not indicate when their data were
collected so no further combarison is poss}ble. The modal length of
mature males (Fig.3-4) was 85 cm achieved at 25 yr age (chapter 2).
For mature females (Fig.3-3) the modal length was 100 cm at 35 yr age.
Age was determined ffom the von Bertalanffy growth equations in
chapter 2. ‘Thus, males mature 15 cm shorter and 10 yr younger than

. S
females. Mean length and age data at various stages in the life

nistory of dogfish are summarized in-Table 3-2. Though ages in excess
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Table 3-2: Mean length and age at various stages in the'life history

of spiny dogfish in the Strait of Georgia, B.C.

Lokl

£

Males . Femailes
Growth stage Length(gﬂ) -Age(yr)a " Length(em)  Age(yr)?
(1) Birtn 26° 0 25° 0
(2) shortest mature 72 15 76 18
(3) 508 maturity 78.5 . 19 93.5¢ 29
(4) Mature mode 85 25 100 35
(5) Longest immature 93 40 118¢ 63
(6) Maximum size | 103° - 1300 .

a Calculated from von Bertalanffy growth equatlons in chapter 2.

P From chapter 2.

C From Ketchen (1972). i “
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of 40 and 63 yr for males and females respectively are indieat.ed,Q
these are extrapolated beyond the 36 yr for males and' 48 yr for
females actually determined in chapter 2. However, Ketchen (1975) has
determined dogfish ages for females as high as 64 yr by an independent

method, thus amy projections are plausible.

The mean number of female embryos per breeding female necessary
te produce one breeding female at modal length of matures is estimated
as 3.57 (Table 3-1). At modal lengtn the number of survivors is 2.27

(Table 3-1), thus mortality from birth to age 35 yr for female dogfish

-
*

'isfpnly 363. In the absence of more accurate data, I assumed that

numbers of mature males at modal lengtnh are equivalent to those. of
mature females. Thus, males would have a higher mortélity rate as it
acts over a shorter time period. These low rates of mortaiity ar; not
unusual for a predator with few natural enemies. Assuming no
intra-uterine mortality and a 50:50 sex ratio, the mean number of
young produced per breeding female would be 7.14. Tnis i;
approxifiﬁiiz/fgﬂivalent to the mean 7.3 embryos p?r breeding female
observed in my total samples, but somewhat greater than the 6.2
embryos at modal length estimated.b}'Ketchen (1972). His estimate did
not take into consideration the greater contribution made by females
larger than the mode. As indicated in Table 3-1, most embryos

[lxmx] are produced by females from 35 to 37(}ears of age, rather

than at modal age of matures. -
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Mating takes biace bepween October and Februéry‘ This i; ded;ced
from histological examination-of testes and occurs between the time of
maximum:percentages of ripe sperm (E) and evacuated ampullae
(F)(Fi:%%-1). Shorter dogfish appeared to mate earlier than larger
ones. when the data were segreézted into th}ee length groups, I
observed maximumvpercentages of. ripe sperm/in ﬁales <80 cm in
Septemper, during Octoger for those 80 to 90 cm, and in November for
‘males >90 cm (P<.05). The time period from the maximum percentaggs of
spermatocyteS'(AZ to evatuated ampullae (F) is 1.2 yr (Fig.3-1).

" Considering thathaAAitional time is required to produce spermatogonia
from the germ ridge and spermatocytes from spermatogonia, a
spermatogenic cycle of clo;g to two years 1is 1ikely; However, two
simdltaneous waves‘of differential devel;pment are suggested since two
stages of spermatogengsis‘sepa}ated by a band of degenerate tissue

. 3
appear to occur at any one time. Thus, it seems likely that males

: _ R
have the capacity to mate each year. ‘

For females (Fig.3-5), the appearance/pf "candles" between
September and January signifie; that map{gg has occurred. During this
period females between pregnancies (parturition has occurred, buF not
ovulation) are also found; their proportions peak in December.

Ketchen (1972) has estimated,the period of mating of femaleigogfish as
December to Febfuary, a somewhat shorter and later time than mine.

My sampling was more frequent, which probably ;ccOunts for this
difference, and suggests that dogfish mating occurs between chober

and January, and peaks in December.



The mature eggs are released from the ovéry at a diameter of 4.0
+ 0.1 cm (méﬁh'; 1 SD) after mating, }e}tilizedrin the shell B
gland, and encapsulaked. A small n&ﬁpef (1.1%) ofilarge ovarian eggs
are not released from the ovary- and degenerate. . The fertilized eggs
remain in candles for approx1mately y months (501 levels, Fig.3-5).
Around April, rather than in the fall as suggested by LucasA(1930),
ihe candles rupture releasing embryos with largé external yolk sacs
into the uteri. Embryo growth in length fr‘oni shortly after candle
break-down to parturition (26 cm) is indicated in Fig.3-6B. During
embryonic growth the external yoik_sac coﬁtents‘are totélly absorbed,
but the interna; yolk sac contents increase to a maximum of 5 cc at 24
cm length <in September to October, 1.5 months prior to birth. For
northwestern Atlantic dogfish, Wolf (1963) noted a similar meap, .

‘ . . T
maximum volume, but at an earller stage of growth (20 em), four months
pribr to birth. . Howevér, his data were based on very few samples,
none 6f which were near or after the period ;f pérturition. My déta
indicate some yolk still remains in the internal yolk g&c for two
months after parturition,/énd likely serves as a source of'noﬁrishme;t
for the young during the onset of feedingl In this regard, pups (with

small external yolk sacs) removed from the uterus were observed

¢//;z%d1ng on small pleces of salmbn fingerlings the next day.

The period of parturition was indicated as September to January,

with a mean of November (Fig.3-5). This is éomgwhat broader than the

v
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October to “December range of Ketéhen (1972), and may be a reflection

L4

. of my regular sampling program. Gestation extends from December of

’

one year to Novémber two years hence (50% levels), a- period of 23

"

"~ months. - - , L e ' - .

-

F
oy
B
N

s



(.

¢ - 75 -

]
Chapter 4

FOOD AND FEEDING
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INTRODUCTION

Spiny dogfish have long been implicated by British Columbia
fishermen as being a major exploiter of commercially important marine
organisms. Few data have previously been available to elther refute‘-
or substantiate these Slaims. This study was designed to assess the

feeding habits of dogfish and thereby attempt to clarify this issue.

The usual method of determining-the dilet of fishes has been to
idéntify the contents of a number of stoﬁachs and detérmine the
numbers or volume of each food type, or its frequency of occurrence in
stomachs. Some studies of this type have also described food eaten at -
different times of the year or by different'sizes of fish (Windell
1968). However, a food budget which considers seasonal variation in
consumption and the relative biomass and intake requirements as
related to size and sex would provide a more accurate measure of food
cocnsumption by dogfish. rSevera] workers (Razum 1952;'Chatwin and
Forrester 1953; Bonham 1954) have attempted to provide a range of
dietary data, but did not have large enough samples of different sizes
and sexes of dogfish from each area and time of year for a
representative picture. They also lackea data on the effect of
avallability to geér ana gear se]éctivity on the observed diet and

knowledge of rate of food consumption. I attempted to minimize these

deficiencies by bringing together as many stomach samples as possible,
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collected with all types of gear. The data were converted, by

reference to consumption, biomass, and metabolism studies,ginto,meén
annual consumption estimates of each food type per unit stock, and
used to indicate possible impact of dogfish on species of importance

- =

to British Cblumbia commergial fisheries. i ,ﬁﬂ“‘i>
2 '

~

MATERIALS AND METHODS

Data on diet were obtained by examination of stomachs from 14,796

‘ dogfish caught in British Columbia waters with a variety of gear

during this study and over the past 30 years by staff of the Pacific

Biological Station, Nanaimo, B.C. The numbers examined by size, sex,

and season are presented in Table 4-1,

To make best use of the available déta, stomach contents were
recorded by the frequency of ocgurrence method. This involves
determining the percentage frequency of each recognizable food type
relative to the totai nu;ber'of occurrences of food types identified
in all stomachs e??nined. To coﬁvert these data into a form'more
applicable to the prediction ¢f total dogfish impaot on individual
prey species, occurrences of each food type were segregated by season
into five distinect grcups according to dogfish size and sex. The
dogfish groups were defined on thé basis of total lengths suggested by

T

Ford (1921) and my trawl surveys as follows:
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(4) Young - males and females less than 46 cm which form a

relatively coherent pelagic group.

(B) Immatures - males and females from 46 to 78 cm, separated

mainly because of the distinctiveness of other groups.

(C) Subadult females - from 79 to 93 ecm. Those whose length fell-

between the '50% maturity sizes of males and females as noted for

7

(D) Mature males - above 78 cm. Those whose length exceeded that

the following groups.

observed at the 50% maturity level established in chapter 3.

(E) Mature females - above 93 cm. Those whose length exceeded
7 ,

that dﬁserved at the 50% maturity level establishéd by Ketchen
/‘ B B

(1972) .

From the segregated occurrence data I developed an annual food

Mo «

budget for a unit Stock, which constituted a summation of proportional B
consumption of. individual food types by each of the dogfish groups
after correction factors for seasonal variation in consumption, .

differential relative biomass and intake requirements are applied. o

[
E

Seasonal variation in consumption was determined with a minimum .

of 12 to a maximum of 33 dogfish 60-111 cm length. These were taken

S

©

<%,
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off Nanaimo and maintained in a 30x15x30m deep netted enclosure in
Departure Bay, B.C., from April, 197“} to March, 1975. They were
allowed to feed voluntarily on herring suspended'from a float line.
Appfoximately 25% more herring than dogfish present were put out, énq_
replaced every 2 on~3.days, as preliminary study indicated this to bé
an adequate rate of supply. Numbers and weight of dogfish present in
the enclosurg were checked monthly; approximately 33% of ehclosure
biomass was incorporated within mature female tissue. Consﬁmption was
recorded as daily weight of herring eaten per kg dogfish (Fig.4-1)

3
under the assunpéion that herring lost to other sources was balanced

-

by consumption of otggr organisms iq the enclosure by dogfish. The
data were highly variggie and were smoothed by a moving éverage of
fives to clarify the trend of greater consumption in summer than
winter. Mean daily consumption, as derived from the total integra£éd
area under the cuﬁve, was 1.3% of dogfish biomass. Relative
consumption per season was derived from the integrated area under the‘
curve for each season as a percentage of the total area (factor ¢ in
Table 4f2). The young and immature groups were ;ssumed»to follow the

<

same feeding pattern as adults althqugh they were largely

unrepresented in the size group kept ih the marine enclosure.

Intake requirements of dogfish groups, in terms of proportion- of
own weight consumed annually, were calcdlated from data on feeding of

captive young, mean dailly consumption derived from the marine

“

enclosure dogfish, and growth rate estimates in chapter 2.

s



Fig. U-1: Variatibn in herr}ng consumption over one year by dogfish
held in a Aetted enclosure in Departure Bay, B.C. Each point is
derived from ags-point moving average. The dashed lines
connecting points signif§ periods for which no records are

available.
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éonsumption rate estimates for young were derived by maintaining five
pups (taken from full term female; caught by set-line) for up to 1.5
.years in a 0.6if:2x0.9 m deep indoor fibreglass tank iﬁ which mean
temperature was close to 10 C. They were allowed to feed voluntarily
on pieces of sockeye salmon fingerlings supplied,daiiy. Dates of
ingestions and mean weight consumed were recorded. Approximately 2.5
gm per feeding were consumed just after birth increasing to 13 gm by
one year of agé. A mean, of 5.7 gm was inéested every 2.6 days over
tﬁe first yeér of life. Meﬁh initial weight of 55.2 gm increased by
180% during this period, roughly 2.7 times the 66% weight increase
normally encéuntered dukiki/the first year of life in the wild
(chapter 2). However, there was no mean gain or loss in weight among
dogfish in the marine enclosure. Thus, they were likely at a
subsistence levei of consumption. Applying a food conversion ratio of
12% [1;80%(55.2)/5.7(365/2.6)],v derived from increase in weight of
captive young relative to their total intake durin?ﬂfhe first year of -
life, to the mean daily 1.3% body weight intake in\ﬁhe enciosure, the
annual consumption by dogfish would be aboup 1.8 times
((1+0.013(0.12))355] their biomass. 1In the wild, weight increases
33.4% per year for the young decreasing to 3.1% for mature individuals
(chapter 2). 4w1th a 12% food conversion ratio and assuming a 25%
allowance for increase in activity for capturing prey, the annual
1n;ake requirement would be about five times | '
‘[1l8+25$(1.8)+33.4(1/0.12)/1OO] body weight for young decreasing to

about half that for mature dogfish (factor b in Table 4-2).

Kq_'
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As an independent check on annual intake estimates, stomach

clearance rates were estimated by force-feeding 75 dogfish (70-107 cm

length caught by set-line off Nanaimo) with wholé herring or salmon
(17-27 cm length) during mid-June through Aﬁgust, 1974. Up to 6
dogfish were retained 16 a 2 m diameter x { m deep fibreglass tank at
about. 10 C for ;ie week prior to force-feeding. At specific times
after feeding the dogfish were killed and stom;ch contents removed.
Twenty-five dogfish had empty stomachs. The solid materialp in all
others were weighed after excess moisture had been removed; the
difference in weight of solids before and after feedipg was attributed
to digestion. Stomach c;earance rates were subsequently applied to
stomach capacity data for dogfish of similar size to estimate maximum
annual consumption. Stomach volumes (Fig .4-2) were determined by
removing stom;phs just after the animals were killed, tying off the
pylorus, and filling the unsupported stomach with water to its
junction with the esophagus (papilla region). No ;llowance was made
for possible unnatural stretching ofistomachs and no daia were
available for animals 30 ts 65 cm.
\’ ’ .

Dogfish biomass estimates were calculated from mean weight and
numbers derived from survivorship curves (Fig.4-3; based on chapter 3
data) and weight-length data in chapter 2. At modal length (100 cm)

one breeding female produces 3.57 female pups annually (chapter 3).

Since gestation takes 2 yr, only 1.79 per year are produced per mature



-
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Fig. 4-2: Relationship of stomach volume to body length of dogfish

from the Strait of Georgia, B.C. Curve fitted by eye.
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Fig. u-3; Assumed relative survivorship curves for dogfish in British
Columbia waters based on number surviving per; mature female.
Shaded areas del iheate' apparently aistinct sex and évize grou?s
N . with the arrows noting their r‘espectiVe mean lengths and numbers.

Curves end at modal length of matures, but in reality decrease

g \?\ rapidly beyond this length to zero at -103 and 130 cm for males
and f‘eméles respectivelvy. A = young, B = immatur'res, C = subadult
females, D = mattlxr'e malés, and E :_rgaturg females. Based on data

_ ’ ~in chapter 3. ‘ : *.
> .

—~—
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female, but at modal length only 88% are mature (Ketchen 1972). ‘ .
Therefore, a survivorship curve for females, if the number mature at
modal length is equated té one and a constant mortality rate is
assumed, originates with 1.79 pups at birth.(26 cm) and extends to
1.14 individuals (1/0.88) at the modal length of matures (100 cm).

) , '
Males have a modal length of matures at 85 cm, but with only 87%
mature at this length (chapter 3). Assuming a 50:56 sex ratio and
that their mature numbers at modal length are similar to those -of
mature females at modal length, a survivorship curve for males can N
also be constructed originating at 1.79 pups at birth and extendiné to
1.15 individuals (1/0.87) at 85 cm. When these curves (Fig.i4-3) are
subdivided according-to size, and‘mean numbers and lengths are derived
for each dogfish group, biomass estimétes can be calculated. A
greater biomass in the larger size groups is evident in these data
(factor a in Table 4-2). o : \

«

The correction factors are combined on a relative basis in Table
4-2 in order to facilitate food budget calculations. These involved
multiplying the occurrence percentage for each food type, when |
segregated éccording to dogfish size, sex, and season of captire, Sy
the corresponding combined correction factor, and summing the products
for all groups. For example, calculations to determing the relative
consumption of euphausids by dogfish in British Columbia waters are

shown in Table Y4-3. The number of euphausid occurrences for each

category of size, sex, and season are converted to a percentage of all
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Table U4-3: Sample calculations of food budget and oscurrence
percentage for dogfish consumption of euphausids in British
Columbia waters. Tne top figure in each category (a) is the
actual number of occurrences of stomachs containing euphausids
for that season, size, and sex category. The middle figure (b)
is the percentage of euphausid occurrences from among all
occurrences of recognizable food within the category. The bottom
figure (c) is the product of this percentage (b) and its
corresponding correction|factor from Table 4-2. Annual
consumption is derived from correction for seasonal variation
only (factor c in Table 4-2), in order to indicate variation in
consumption among groups. o

Size/Sex Season - . ' Annual
Group Winter Spring Summer Fall - Consumption(%)
778 ST 51 9
Young yy,ob 34,4 59.2 37.5 45.6
0.265° 0.241 0.829 0.450
20 20 . s
Immatures . 8.4 34.5 25.3 11.7 20.0
- 0.168 0.759 1.088  0.445
2 78 45 23
Subadult @ 0.8 30.9 20.5 4.9 14.3
' 0.034 1.483 1.907  0.407
22 231 128 86
Adult - o7 3.2 - 29.8 6.8 16.5 13.4
0.099 1.043 0.462 0.990
: 1 23 10 9
Adult 2 0.2 9.4 10.0 2.0 5.8
s 0.012 0.639 1.320 0.234

Calculations for: ' !
"~ (1) Occurrence percentage = X (a)(100)/total occurrences
=1462(100)/9325 = 15.68%.
(2) Food budget = Z(c) =°12.87%.
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food tyge occcurrences for ihat category and multiplied by fhe :
corresponding combined correction factor in fable -2, Thg resultant
percentages for all categories are summed and indicate that eupﬁausids
constitute 12.87% of total stock diet. 1In comparison, the occufrence
percentage of euphausids aéong all data is 15.68%, roughly 22%
greater. . C &

%

To convert the food budget percentageé to proportional annual
consumption per unit stock, or thatrpercentage of its own weight that
a unit stock annually consumes of any individuai food type,rthe
percéntages were multipiied by 2.719 (the mean annualrintake
requirement of the total stock in terms of number of timesrown weight'
vconsumed) which was derived by weighting\the intake requirement
correction factor for the different dogfish groups by the

e
corresponding differential biomass faptork(Table u-z)l Absolute
quantities of prey consumed are calculated by multiplying these data

by 0.5 million metric tons, a total regional dogfish biomass estimate

derived from Shepard and Stevenson (1956).
RESULTS

Empty stomachs were found in 36.0% of dogfish examined (Table
4-1). The monthly percentage of those with food in their stomachs
shows a winter minimum and a summer maximum (Fig.4-4). The 9466 with

food in their stomachs contained a mean of 1.16 different types of
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\ :

wateré\with food in stomach at time of capture. Curve smoothed

¥

by movihg average of threes to clarify trend.

x
\
\
\_/



<

-~

- b -

a

/

/

\
/
o
~

x

-

\x
N
/
-

i

80

. @ (=4 =4
r~ e V24

HOVIWOLS NI ‘
qood HLIM HDVINADHEL

MONTH



- 9] -

food organisms (a total of 10,983 occurrences). -Recognizable food
types constituted 9325 occurrences while the remainder consisted of
bottom materials (such as mud, stones, and plant material) 11.6% and

unidentifiable animal remains 3.5%.

The food budgef percentages derived from the segregated
occurrence data are shown in Table 4-4 in comparison to the occurrence
percentaggs from among all recognizable food data. To indicate
differences émong dogfish size and sex groups, the mean annual = '
consumption of food types by these groups individually are also
indicated. These data are corrected for seasonal variation in
consumption only, as noted in Table 4-3 for euphausids. The monthly
variations in the number of occurrences of fishes and invertebrates
consumed by different sizes and sexes of doéfish are shown in Fig.l4-5.
_Pattern irregularities for the smaller sizes during the latter part of
the year may be due to small sample siies (Table 4-1). This study
indicates the major dietary components of British Colimbia dogfish to
be 554 teleosts, 35% crustaceans, and 5% molluscs (Table U-4).

Herring is indicated as the single most important food species when
the food budget percentaées in the diet of dogfish are ranked (Table
M;S).v Four individual species (herring, shrimp, hake, and eulachon)

constitute over 42% of the diet, while salmon is less than 0.3%.

Stomach clearance rates of dogfish, as a check on intake

requirements, were found to be independen;ﬁaf the size, sex, duration
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Fig. 4-5: }bnta‘ly consumption of invertebrates and fishes by dogfish
in British Columbia waters in relation to size and sex. A
3~-point moving average is applied to months and 10 cm length

intervals to clarify data trends.
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Individual food types in the food budget of dogfish in

Tabl =5:
igtitish Columbia waters ranked from highest to lowest. Annual
“consumption per unit stock is derived by multiplying these data
by the proportional mean annual intake requirement of the stock
as a whole (2.719 from Table 4-2).

Diet Cummulative Annual consumption
amount total per unét stock
Position Food Item (g)2 (%) (%)

1 Herring 21.84 21.84 59.4
2 Euphausid 13.63 35.47 37.1
3 Plankton 9.65 45.12 26.2
y Shrimp 8.03 53.15 21.8
5 Crab 7.09 60.24 19.3
6 Hake 6.79 67.03 18.5
T Flatfish 5.89 72.92 160
8 Eulachon 5.53 78 .45 15.0

9 Octopus 3.05 81.50 8.3
10 Combjelly 2.40 83.90 6.5
11 Squid 1.71 . 85.61 k.6
12 Sandlance 1.68 87.29 4.6
13 Ratfish 1.65 88.94 4.5
14 Seaperch 1.58 90.52 4.3
15 Rockfish 1.48 92.00 4.0
16 Cod 1.35 93.35 3.7
17 Polychaete 1.29 94 .64 . 3.5
18 Jellyfish 1.17 95.81 3.2
19 Eelpout 0.67 96.48 1.8
20 Amphipod 0.60 97 .08 1.6
21 Sculpin 0.35 97 .43 1.0
22 Salmon 0.29 97.72 0.8
23 Dogfish® 0.28 98.00 0.8
24 ' Sablefish 0.27 . 98.27 0.7
25 Sea cucumber 0.25 98 .52 0.7
26 Bivalve 0.22 98.74 0.6
27 Midshipman 0.15 98 .89 0.4
28 Blenny 0.15 99.04 0.4
29 Prawn 0.14 99.18 0.4
30 Other 0.82 100.00 2.2

regpective groups.

.

of

Unidentified invertebrate and fish percentages prorated over

Percentage of  its own weight that a gnit stock annually consumes
of any individual food type. ‘
Not likely representative of natural consumption as it was

observed that dissected dogfish thrown overboard soon appéared
in stomachs of dogfish caught in subsequent trawls.
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of- captivity prior to testing, time of year, and food species and
condition (frozen storage time), although size of the food item had a
significant influence (Fig.4-6). For herring, a regression -equation

describing daily percentage digestion (D) on prey weight (W) was:

D(%) = 30.7 -~ 0.088W (gm)

(p < 0.05; r = 0.61; n = 27)

Mean herrinngeight was 120.3 gm ana required a mean of 3.2 days to
reduce this amount to 38.0% of its original weight. Plotting this
point on Fig.4-6 and extending a line linearly from the poiﬁt of
origin at 100% and zero days 'through the mean point to the abscissa,
indicated a stomach residence time of 5.16 days to completely break

down herring of this original weight.
DISCUSSION

In this work I attempted to put together a food budget (Table
4-4) for a unit stock of spiny dogfish to provide a basis for
calculating impact on prey species. The data indicated that.
eupha#sids are‘the major food rof young and immature groups at all
times of the year (Table 4-3,4), and are important in the diet of
larger dogfish during the spring and summer monihs. The diet of
smaller dogfish is further supplemented by plankton, amphipods, and

small fishes such as eulachon and herring. By the time dogfish reach
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A ~
Fig. 4-6: Digestion rate of force-fed herring (o) in stomachs of

dogfish from the Strait of Georgia, B.C. Mean herring weight was
120.3 gm, requiring a calculated 5.16 days to be completely

reduced to the fluid state. Data on digestion of sockeye salmon

(s) are superimposed.

~
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78 cm, herring rivals e’u;&haugids in dietary importance and soon

2

thereafter become the major food, partiéulahly in fall and winter

. . . . . . #
months. Dietary diversity also increases with increased dogfish size,

ability of larger individuals to

S—

pursue and catch prey. For the total stock, fishes ahd invertgbrates

possibly reflecting the greate
are consumed in approximate ¢qual percentages. However, the dietary
importance of each varies\geafonally with dogfish size. As the animal

’grows, the primary dietary component shifts from invertebrates tdqards

fishes (Fig.4~5). For larger animals,vthe greatest percentage of the

_ diet of both sexes consists of fishes in winter and invertebrates in

. . |y
summer. On average over 80% of the food was pelagic. Food of‘smalligé
dogflsﬁ.was obtained to a greater degree from the pelagic zone (86$)j
than that of mature males (78%) or mature females (70%) -suggesting

that mature dogfish are more demersal, an observation verified by .

trawl surveys (Jones 1974) . -

- N .

-

Among the characteristics used to deri;e the;foéd budget was
seasonal variation in consumption‘as,defived from the marine encloéuré
data (Fig.4-1). Food intake was greatest during the summer and early
autumn and least in late winter éﬁd early spring, é pattern observed
for other‘éharks by Clark (1963). The data in Fig.4-1 indicate that
degfish consume twice ai much in summer as in wintdp. The decrease in
October-November corresponds to the breeding season when the mature
females move inshore, release their pups, and apparently éease feedihg

(Springer 1367). The difference between the mean maximum and minimum
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consumption levéls during this period (Fig.u-1)<06rresponds té a 37¢%
decrease in the dailly rate of c;ﬁsumption. This closely matches the
proportionalvweight of mature females (33%) in the netted enclosuré
which might be expected not to feed during the breeding period, and

hence reduce relative consumption accordingly.

The budge£ was also corrected for the proportional intake

' requirements of the different size groups. Brett and Blackburn (in
press) found that at a routine level of activity (slow cruising such
as observed in the marine enclosure) a }arge dogfish utilized
éufficiént'oxygen to require an annual food intake of 1.8 times its
body weight, a value similar to that determined from enclosure data.
For young kept in captivity Ethis study), the annual intake equalled
5.4 times [5.7(365/2.6)/55.2(2.7)] their initial weight after
compensation for 2.7 times greater growth rate than in the wild. This
estimate was, as expected, slightly greater than the 5;0 found in
Table L4-2 for the young dogfish group which would have é lower
metapolic rate. To check intake r?quireﬁents further,'s;omach
clearance rates were examined in conjunction with the variation in
percentages of empty stomachs among dogfish groups (Table 4-1). When
the variation in percentages of dogfish with food in their stomachs
are derived from empty stomach data (Fig.4-4) and compared with/the
‘variation in consumption by dogfish in the marine enclosure (Fig.u-1),
it will be noted that'the minima and maxima occur at approximately the

same periods of late Qinter and summer respectively g@ven a degree of
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time lag bossibly relating to differential environmental influence.
Since all contents in any one stbmach weﬁe normally in the same state
of digespion when examined in the field, and force-fed herring were
always founq to be retained in the stomach until fully broken hown
(this study; Hogben 1967), it is suggested that stomach,residence time
(the total f&od break-down period) is inversely related to the
variation in proportions of'empty stomachs (representing the time
Eetween which food material has left the stomach and subsequen£
feeding). The mean percentage of empty stomachs (Table 4-1)ﬂincreased
from 31§ for the young to 39% in the mature females. The lower
percentages probably indicate a shorter stomach residence time in as
much as smaller food organisms eaten by smaller dogfish likely require
less time to digest than larger organisms. When the proportion of
empty stomachs and rate of digestion as a function of size are known,
it is possible to calculate the annual food intake. Mature males of
mean length 85 cm had a mean weight of 2.15 kg and 36.9% empty
'stomachs (Table 4-1).-\It is assumed they would feed for 230 days
[(1-0.369)365] of the yeé#. With a digestion rate of 23.3 gm
[120.3/5.16] per day as ddrived from mean herring weight and total
digestion time (Fig.ﬁ-6), they would require an annual consﬁmption of
2.5 times [{(230x0.0233)/2.15] their weight which agrees with the
estimate in Table 4-2. 1In this instance the stomach capacity of 85 cm
dogfish would be 223 cc (Fig.4-2) which equals 234 gm of herring e

(sp.gr. 1.044). Thus, mature male dogfish would take 10 days

(234/23.3) to digest a full stomach of herring, take 16 days ™
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[(10/(1-0.369)] between feedings, and feed only 23 times (365/16) per
year. This latter figure is minimal, as a dogfish may not completely
fill its stomaéh on each féeding or:it may eat smaller organisms at
certain times wgich may require less time to break down. Holden
(1966) estimat%d 40 feedings per year. However, he did not specify
the size range ;;mpled. If they were'generally smaller dogfish they
would have higherumeéabolic rates and réquire a proportionally greater
food intake. For other species of sharks, Clark (1963) has estimated
an annual Lctake of from 2 to 5 times body weight, being greater for
the smaller ?izeé. Though Brett and Blackburn (in press) suggested an

)
annual intaké of five times body weight for adults, their growth rate

assump¥ons were considerably ;n excess of those indicated by my data.

Another factor used in calculating the stock food budget was the
relative biomass of the different sex and size groups as determined
from the survivorship curves of Fig.4-3. They imply a constant though
greater mortality rate of males than females and a greater biomass.of

-~ :
females than males. Pbﬁever, calculations indicated that if the
survivorship curves were morevconvex or concave there would be little

change in the relative biomass proportions noted in Table 4-2 for

these groups.

A comparison of the food budget results with the occurrence
percentages from among all data (Table 4-4) indicated that differences

were as high as three-fold, with the budget calculations yielding a
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mean consumption value 319 greater. Though my approach i%.Pelieved to
provide more accurate estimates of dogfish diet and consumption rates
than the uncorrected occurrence percentages from among the total data,

the following possible sources of bias should be considered:

(1) The frequency of occurrence method used assumes that
occurrence percentages accurately reflect broportional biomass intake
of individual food types. Since mosL stomachs contained only one food
type (mean’1.16) and fg;e of;en largely kull, this bias is reducéd

though still of primary consequence when interpreting my results.

(2) The .occurrence method also assumes that various- food types
are equally digestiblz, In this work I found that herring and salmon
of the same size were digested at the same rate. In addition, Windell

(1967) found that similar-sized bluegill sunfish (Lepomis macrochirus)

digested equal quanfiffes of oligochaetes, arthropods, and fishes at
the same rate. However, though dogfish food types may be diseéted at ‘
the same rate, they may reach unrecognizable stages at different

times; thus resulting in higher proportions of soft-bodied types like
cteﬁophores and coelenterates in the unidentifiable classification

than other foods, and thus under-rating their actual dietary
proportions. Similarly, other species have hard parts which are
difficult to impossible to digest, such as octopus and squid beaks,

and hence identification long after consumption is still possible.

This source of bias is unaccounted for.
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{3) My data further arise from opportunistic samplihg in which
many colléctors took part. Thus, biases due to vessel purpose, gear
selection, and differing individual ability to classify food species‘
may exist. However, the multiplicity of samples collected over mény

years may have compensated for this error.

Beafing in mind the possible influenc? of the sources 6f error
noted abové, the annual consumption of commercial fishéfies sbecies
can be calculated from the annual consumption per unit stock figures
(Tablg 4.5) when dogfish biomass is known. Assuming that dogfish in
British Columbia wateré have now returned éo their pre-~World War II
level of abundance, their biomass would approximate 0.5 million metric
tons (Shepard and Stevenson 1956). Dogfish conéumption |
of commercial species {A) based on this estimate is indicated in Table
4-6 in comparison to the 1974 commercial catch (B; Anonymous 1975).
Althoﬁgh the hiéh A/B ratio for shrimp and prawn may'neflect.loL
market demand for these species, this probably would not apply to
major fisheries.‘ Among the major commercial species, dogfish'are
estimated to have consumed 6.7 times és much herring and 0.6 times as
mych salmon. Though these-}igures certainly dispell the myth of the
large consumption of salmon b§ dogfiéh; it cannot be denied that due
to their opportunistic natufe they will still eat salmon caught Sy
line or net, and by so doing, waste fishing time and poséibly destroy

gear. Of more importance, however, 1s their effect oﬁ the herring

fishery. Though they also destroy herring gear and waste fishing
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Table 4-6: Estimated annual consumption of species of importance to
commercial fisheries compared to 1974 Canadian catch records for
British Columbia waters. This is calculated from an assumed
dogfish stock level of 0.5 million metric tons applied to the
annual consumption per unit stock figures of Table Uy-5.

~ Species ) " (A) Dogfish - (B) 1974 Commercial - Ratio A/B
harvested?® consumption catch (Anonymous 1975)

(1000°s metric tons) (1000°s metric tons)

’

" Shrimp 109.0 1.17 ©93.2
Prawg 2.0 0.03 ' 66.7
Crab 48.3 1.14 2.4
Flatfish 80.0 7.78 - 10.3
Sablefish 3.5 0.34 . 10.3
Rockfish 20.0 2.68 . T.46
Herring . 297.0 4y .66 6.65
Grey c¢ 2.8 8.13. 0.34
Salmongd -~ 4.0 63.94 © 0.06

. !

L2
@ Ranked according to A/B ratio from hizhest to. lowest.
Commercial Dungeness crabs assumed 50% of total.
© Grey cod approximately 15% of Cod (F. Gadidae) group.
Includes sport fishery catch (approximately 1.5% by weight).
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time, their calculated annual consumption of practically 300,d00
métric tons of primarily adult herring must significantly redué%g
possible commercial catches and is considerably in excess of even
record commercial herring catches off the British Columbia coast. A
more recent estimaté of British Columbia™ogfish biomass by W.E.
Johnson (personal communication) of the Pacific Biological Station

is 0.39 million metric tons. This would indicate an A/B ratio for
herring of 5.2; consumption‘still considerably in excess of commercial
cateh. Witp an adult herring stock level of,3;5 million metric tons

(ibid) and/gssuming a further 50% biomass for immatures, total
British Columbia herring biomass approximates 0.53 million metric
tons. At the dogfish stock size suggested by Johnson, my data would

cuggest an annual herring consumption level of 230,000 metric tons

or 443 [0.23(100)/0.53] of total stock. The range of sampling error

would likely only reduce this estimat; by up to 50%, still a -
significant consumption of herring. |

It should be caﬁtioned that reduction in dogfish nhmbers does

not automatically imply that large inéreases of particular species
available to commercial fisheries will result, as other predators,
which are themselves preyed upon by dogfish, may also increase in

numbers and check the expansion of such species. *
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