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Abstract
Ana1y51s of bottom trawl surveys by the Northeast Flsherles Center for

the perlod 1968 1983 shows a change in size comp051t10n of the sp1ny dogflsh

o populatlon. Large female dogflsh (>100 cm total length) were rare 1n the
l‘late 1960'5 and early 1970'5, but are now frequently observed 1n the surveys.‘i‘
: Also Juvenlle dogfish (<35 cm, age 0 1) have 1ncreased in recent years. These
. changes 1nd1cate an 1ncrease in mean age and probably average fecundlty, and
:they are con51stent with the apparent increase in populatlon abundance as
‘?shown by the mean catch per haul 1nd1ces from recent surveys.‘ Mlnlmum
bxomass estlmates by size group were calculated as a basis fbr estlmatlng

m1n1mum consumptxon of flnflsh and squld by dogflsh

Imooucnon o

‘*“Spiny dogifsh (Squa1usag¢ahthfas) are‘distributed fn the western North

,.'Atlantic from Florida to Newfoundland (Bige1ow and Schroeder 1953) They
2 are high]y m1gratory (Figure 1) and trave1 in schoo!s wh1ch are genera11y
'segregated by size and, _for large mature 1ndiv1dua1s, by sex. Durxng wlnter,

: \they migrate south and are concentrated in the Mid-Atlantic reg1on where

pupping and mating presumably occur (Templeman 1944, Hisaw and A]bert 1947,

~ﬂunpub1{shed National Manine{Fisheries Service, Northeast Fisheries Center
"7(NMFS/NEFC),research vessel data).';Dogfish are chiefly summerhnisitors to
"‘the Gu1f~o? Maine (incﬁuding‘Georges Bank) ‘and more northern waters'(Bigelow

Vvand Schroeder 1953, Jensen 1965)

= ResuTts of tagg1ng studies conducted off Newfound]and (Templeman 1954)




kand‘off ‘the northeastern coast of‘the United States (USA) (Jensen 1965,

>11967 Shafer 1970) 1nd1cate that dogf1sh in the Northwest At]ant1c probab1y

: hcomprise one popu!atxon which makes extensive seasonal m1grat1ons. Temp1eman

(1965) however. reported the occurrence of overwintering immature fema1es ‘
and 1mmature and mature males off Newfound1and k
: Age and growth of the Northwest At1ant1c dogf1sh stock has ‘been the."

subject of three recent stud1es. 'So1dat (1982) obtained maxxmum.ages of.

\YffZO and“26‘“respective1y, for males and females,kNammack (1982) obtained
“‘f‘kages up to 35 ‘and 40 years, respectwe'ly, for males and females, and the f :

‘ o1dest ages obta1ned by S1auson (1982) for ma1es and fema1es were 36 and 37
\f‘ years respect1vely. The o]dest ages for each sex from these studles were
‘e:fapproximately 1. 5 times those determlned for the North Sea stock by Holden :
kv_‘and Meadows (1962).

Commercial f1shing for dogfrsh off the northeast _coast of the USA has

‘atibeen conducted since the late 19th century (Jensen 1965) Annual 1and1ngs

‘biduring the first ‘half of the ZOth century remained be]ow 400 metr1c tons ”(

f:(mt) and were taken exclus1ve1y by USA vessels. Beg1nn1ng in 1966 d1stant- o
: water f1eets (DWF), part1cu1ar1y USSR vesse1s began tak1ng dogf1sh 1n the1r .
Tntrawl fisher1es. From 1966 to 1976 total annua1 landlngs were between :

{ :L3 000 and 22, 000 mt Fo1low1ng 1mp1ementat1on of the Magnuson F1shery
fConservation and Management Act of 1976 (MFCMA Public Law 94-265) in March
,1977 DNF landings have been substant1a11y reduced S1nce 1977 USA 1and1ngs
‘rhave averaged S, 000 mt annua11y resu1t1ng from recent improvements in

V‘processing methods and the development of a European export market

:.;.

Th1s paper examines 10ng-term changes in size compos1t1on and abundance g

. of dogflsh taken in NEFC bottom traw1 surveys and prov1des m1n1mum est1mates s

: jof dogf1sh consumpt1on

“ME‘TH‘oos . -

: 7 Dogfish Iength frequencies (mean number per. tow) and m1n1mum bwomass

‘f~estfmates (Grossiein 1969) were derived from NMFS/NEFC bottom trawl surveys

';s‘:conducted since 1968 in the spring and autumn offshore. (>27 m) waters between

Nova Scotia and Cape Hatteras, North Caro11na (F1gure 2) Ana1ys1s of spring

: data was. based on catches from the entire area (sampling strata 1-42 ‘49, and

-61f76)3 whereas—analysis-of—autumnadata«was based.on catcheS-from.a11 areasur;“

except the Mid-Atlantic sampling strata(61-76)sincethedistribution of dogfish



is 'shifted to more northern Qaters at that time of year. Since an unknown
portion of the stock, -predominantly individuals >50 cm (Templeman 1982), is
north of the area surveyed in the autumn, length frequencies from autumn

surveys are not presented. The 1973-1981 spring survey data were adjusted

to account for fishing power differences between the Yankee #36 trawl used

~in the spring 1968-1972 and 1932-1983 trawl surveys and the #41 trawl used

in the 1973-1981 spring trawl surveys (Sissenwine and Bowman 1978).
Correction faétoqs (41/36 of 1.40 for numbers and 1.45 for weight were used.
The #36 trawl was employed for the entire (i968-1982) autumn time series.

Length frequencies (mean number per tow) for female dogfish (78-89 cm)
taken in 1968-1980 spring surveys were estimated by applying the average sex
ratio, over 3 cm 1nterva]s;,from the 1981-1983 data. This is the only time
period for which dogfish 1ength measurements By sex were available. A1l
dogfish (290 cm) were assumed to be females.

Minimum biomass (mt) estimates wére derived by areal expansion of spring
and autumn bottom trawf};urvey biomass indices (kg) using the following
equation: |

(A @)

) ‘ a
where ﬁvis the biomass estimate, W is the stratified mean wt/tow, A is the
areaksamp1ed by the bottom trawl survey (sq. miles), and o is the area swept
by‘each tow (0.011 sq. miles). These data were portioned into sex length
categories (20&30cm..36-55 cm, 56-100 cm, and 2101 cm) corresponding to the

six separate feeding size classes reported by Nammack (1982).

- Dogfish food habits, percent (weight) by-site categories, were obtained -- -
from Nammack (1982) and Bowman and Eppi (1984). Mean annual dbgfish intake
réquirements per unit stock weight from Jones and Geen (1977) were 5.0 kg
for young, 3.2‘kg for immatufe, 2.7 kg for subadult males, 2.5 kg for adult
males, and 2.6 kg for adult females. In this paper, an intake requirement of
5;0 kg for young wasvéssumed to apply to the size groups measuring 21-39 cm
and 31-35 cm, and a requirement of 3.2 kg_for immatures was used for the 36-55
am group. The average of the three values for subadult males and adult males and'
females (2.6 kg) was used for thé three length classes 256 cm. This was justified
since the latter three size/sex groups used by Jones and Geen A(1§77) do not
correspond to the larger three categories used in this paper. The intake

values were used in conjunction with reported food habits data énd biomass




estimates to obtain minimum consumption estimates. The method used in

calculating consumption estimates was obtained from Bowman and.Eppi (1984).

RESULTS

Length frequency distributions of the mean catch per tow of dogfish frbm
the 1968-1970 and 1980-1981 spring surveys are shown in Figure 3 to illustrate
the population size §t£3&ture at times of Tow and high abundance. Four modes
of varying strength aré generally aobserved in all years between ZS'and 35 cm,
45 and 60 cm, 65 and 80 .cm, and 82 and 95 cm. Plots of the 1981 data by sex
(Figure 4), the first year in which dogfish were measured by sex, exemplify
these modal distributions. The first mode represents predominant]y age 0
fish (pups) with some contribution of ages 1-2. The second mode represents
young males and females, mostly ages 3-5. The third mode consists mainly of
mature males (age 6+) with some contribution from large immature females -
(ages 6-11) The last mode represents principally mature females (ages 12+)
with some contribution from 1afge mature males (ages 25-35). The modes
ref1e§t the schooling behavior of this species. The estimated age groupings
of these modes are based on Nammack's (1982) data.

Female léngth frequencies from alternate spring surveys are plotted in
Figure 5. to i11u$traté that the popuTation size composition, pqrticularly
individuals 5100 cm, has increased over the l6-year time series. Concurrently,
the modal distribution of mature females shifted from 80-85 cm in earlier
years to 95-100 cm in recent years. |

Minimum biomass (mt) estimates of dogfish- from 1968-1983 spring and
1968-1982 autumn surveys have fluctuated great]y»in recent years (Ffﬁure 6).v

The spring estimates ranged from 96,000 to 898,800 mt and averaged 285,700
mt, while the autumn estimates ranged from 85,400 mt to 347,500 mt and
averaged 148,000 mt. Since dogfish school, there tends to be rather high
'variabi1ity among the survey catches which result in year-to-year
fluctuations in biomass estimates which do not reflect absolute changes. .
For example, the 1980 spring biomass estiméte (336,000 mt) increased 244%
above the 1979.value (97,700 mt),,aﬁd the spﬁfng 1983 value (229,400 mt)
was 74% below the 1982 value (898,800 mt).

"The spring and autumn biomass estimates were partitioned into six
Igngfh groups (Table %Si These results indicate that the variabi]ity

observed in the annual- biomass estimates (Fijure 6) was strbngly influenced

-



by the availability of the 1arger size classes of‘dogfishvto the sampling
gear, which was particularly evident in the 1979 spring and the 1974 and

1982 autumn data. Also, in 1981 the bioméss estfmates increased dramatically
- for all size groups in both the spring and autumn data (Table 1). This
increase continued. into the spring of 1982 for the larger size groups (i.e.,
256 cm). The 1982 autumn biomass estimates declined as sharp1y as they
increased in the preceding year. Likewise, the 1983 spring blomass estimates
for the larger size group declined sharp]y from the 1982 estimates.

From Nammack (1982) and Bowman and Eppi (1984) it was estimated that
teleosts comprised 70% (wt) of the diet of dogfish’(>60 cm). Based on an
avérage biomaés of 213,000 mt, an intake requirement of 2.6 kg and following
the method repdrted By Bowman and Eppi (1984), it was estimated that the
larger dogfish consume 387,000 mt of fish annually. Likewise, it was

estimated that squids (I1lex and Loligo) comprised 19% (wt) of the diet of

dogfish (560 cm). Based on an averagé biomass of 21,900 mt and an average
intake requirement of 4.3, this size category of dogfish consume 179,000 mt

of squid. asnually..
DISCUSSION

Modes in the bottom trawl survey length frequency data characterize
the size composition of dogfish schools off the northeast USA Coast. The
large year-to-year variability in the magnitude of the modes is probably
more related to availability than changes in abundance given the long life.
span of the species. k ‘

The appearance and apparent increase in abundance of dogfish >100 cm,
beginning in the early 1970's, may be explained by the response of dogfish
to fhe Targe increase in total fishing mortality generated by the distant-
water fleets during the early 1960's to mid-1970's (Brown and. Ha]11day 1983).
Although fishing mortal1ty on dogfish increased. dur1ng this period, catches
were well below the MSY (40,000 mt) calculated ?y Grosslein (1974). More
importantly, the DWF fisheries were brincipa11y respﬁnsibTe for the large

~reductions in groundfish stocks (i.e., cod, silver hake and pollock) (Clark
and Brown 1977). which are competitors of dogfish (Maurer and Bowman 1975).
Additionally, reductions in the stocks of peIagic species (i.e., herring and

* mackerel) (Anthony and Waring 198, Anderson 1983), major dogfish‘prey items




(Maurer and Bowman 1975) were prob§b1y compensated for by increases in the

populations of I1lex and Loligo squid (Lange 1983a,b) and sand .lance (Morse

1982). Thus, the combination of Tow dogfish removals, reduced competition
for food, and increases in abailable prey would provide a mechanism for

increased gro&th and population biomass.

Since all dogfish >100 cm are sexually mature females, the increased
abundance of this size group has important impliéations on total fecundity
or pup production. Recent studies by So]dat-(1978); Nammack (1982) and Slauson (1982)
indicated that the average number of pups per female in USA watgrs;increased
1.6-3.0 times above the 3.72 average reported by Templeman (1944) for dogfish
off Newfoundland. The increase was observed for all comparable Téégth
cétegories. However, Templeman (1944) observed only one individual >100 cm
in length. Additiona11y, whereas Templeman (1944) counted a miximuﬁ of 7
pups per female, Nammack (1976) and Slauson (1982) obtained values of 15 ;
'aﬁdVIB, respectively.

' Holden (1973) compared fecundity estimates of the Scottish-Ndrwegian
stock with those obtained by Templeman'(1944)-and noted a higher fecundity
for the European stock wﬁich he»attfibuted to a density-dependent response
by dogfish to exploitation. He also theorized that density-dependent
changes in fecundity y$;1d provide a greater degree of response to
exploitation than dengityidependent thanges in grbwth rates. However, . '
Wood et al. (1977) questioned the cothusions arrived at by Ho]deﬁ (1973) for
two reason§L First, they believed he failed to consider how fishing
mortality affected the contribution of older age groups to total production.
And secondly, they cite Ketchen's (1972) finding, that growth rates and
production vary greatly among geographich]]y‘distfnct popuTations as an
éXplanation for the fecundity differences Holden (1973) reported.

Wood et al. (1977) used age structure models to examine the response
to expToitétion by the Northeast Pacific dogfish population under three
different density-dependent mechanisms. These mechanisms were compensatory
mortality, compensafory fecupdity, and compensatory growth. Of these,
cpmpensatoryv;hanges in natura] mortality was the principal mechanism of

density-dependence whfch aliow the §tock to respond to exploitation.

From calculations of average dogfish biomass, food habits data and



intake requirements, by size group, dogfish consumptioh of finfish and

squid off the Northeast USA Coast is equivalent to 180% of their biomass.

Nammack (1982) reporteq that sand lance fo]1owed by mackerel were»the
major components of identifiable fish in the diet of dogfish, whereas
Bowman and Eppi (1984) reported just the opposite from samples collected in
1983. However, the food habits data analyzed by Némmack (1982) was
collected .almost echusfve]y in the NEFC's Southern New England sampling
~ strata (1-12) while Bowman and Eppi (1984) sampled the entire survey region
* (Figure 2). Additionally, in 1983 the stock size (millions of fish) of age
1+ mackerel iﬁcreased éharply due to strong recruitment of the 1982 year ‘
dnsMMﬂmnm%Lw

Available data inﬁfcate that the size composition and fecundity of
dogfish in the Northwe;t Atlantic has increased in recent years. These
tncreases are believed ﬁokresu]t from a combination of limited exploitation,
reduced competition, and increased abundance of suitable prey. A1thougﬁ the
gradual increase in the abundance of dogfish (2101 cm) may be related to a
series of years of good recruitment in the eariy 1950'5; no data exist to
examine this mechanism.. .

The rather high variability among the biomass estimates, particularly
in recent yearé; may be related to avaiTabi]ity. seasonal shifté in dogfish
distribution in response to water temperatures, or timing in the bottom
trawl surveys.

Pre]iminqry_estimafes of consumption indicate that a significant
cnmbonent of tﬁe dogfish diet is teleosts, particularly sand lance -and
Atlantic mackerel. Being an opportunistic feeder (Templeman 1944, Jones and Geen
1977, Soldat: 1978 and Nammack 1982), dogfish can be expected-ta readily shift their
diet to the most abundant prey item}' Bowman and Eppi (1984) documented such
shifts for the ddgfish stock in the Northwest Atlantic.
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Figure 1, Seasonal migratory patterns of spiny dogfish in the Northwest Atlantic.
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Figure 3. Length frequency distributions for spiny dpgﬂsh
taken in NEFC 1968-1970 (top) and 1980-1981 (bottom
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