
745

NOAA Technical Report NMFS SSRF-745

/.< "/%

c

\

%
<J

-^^ATES O*
'^

>*

Dorsal Mantle Length—Total

Weight Relationships of Squids

Loligo pealei and ///ex illecebrosus

Fronn the Atlantic Coast of the

United States

Anne M. T. Lange and Karen L Johnson

March 1981

Vlarine Biological Laboratory

LIBRARY

OCT 14 1992

Woods Hole, Mass.

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Marine Fisheries Service



NOAA TECHNICAL REPORTS

National Marine Fisheries Service, Special Scientific Report—Fisheries

The major responsibilities of the National Marine Fisheries Service (NMFS) are to monitor and assess the abundance and geographic distribution of

fishery resources, to understand and predict fluctuations in the quantity and distribution of these resources, and to establish levels for optimum use of the

resources. NMFS is also charged with the development and implementation of policies for managing national fishing grounds, development and enforce-

ment of domestic fisheries regulations, surveillance of foreign fishing off United States coastal waters, and the development and enforcement of interna-

tional fishery agreements and policies. NMFS also assists the fishing industry through marketing service and economic analysis programs, and mortgage

insurance and vessel construction subsidies. It collects, analyzes, and publishes statistics on various phases of the industry.

The Special Scientific Report— Fisheries series was established in 1949. The series carries reports on scientific investigations that document long-term

continuing programs of NMFS, or intensive scientific reports on studies of restricted scope. The reports may deal with applied fishery problems. The

series is also used as a medium for the publication of bibliographies of a speciaUzed scientific nature.

NOAA Technical Reports NMFS SSRF are available free in limited numbers to governmental agencies, both Federal and State. They are also

available in exchange for other scientific and technical publications in the marine sciences. Individual copies may be obtained (unless otherwise noted)

from D822, User Services Branch, Environmental Science Information Center, NOAA, Rockville, MD 20852. Recent SSRF's are:

722. Gulf menhaden, Brevoonia patronus, purse seine fishery: Catch, fishing

activity, and age and size composition, 1954-73. By William R. Nicholson.

March 1978, iii-e8 p., 1 fig., 12 tables.

723. Ichthyoplankton composition and plankton volumes from inland coastal

waters of southeastern Alaska, April-November 1972. By Chester R. Mattson

and Bruce L. Wing. April 1978, iii+ 1 1 p.. I fig., 4 tables.

Superintendent of Documents, U.S. Government Printing Office, Washington,

D.C. 20402, Stock No. 003-017-00452-0.

732. Assessment of the Northwest Atlantic mackerel, Scomber scombrus,

stock. By Emory D. Anderson. April 1979, iv+ 13 p., 9 figs., 15 tables. For sale

by the Superintendent of Documents, U.S. Government Printing Office, Wash-

ington, D.C. 20402, Stock No. 003-017-00450-3.

724. Estimated average daily instantaneous numbers of recreational and com-

mercial fishermen and boaters in the St. Andrew Bay system, Florida, and adja-

cent coastal waters, 1973. By Doyle F. Sutherland. May 1978. iv-i-23 p., 31 figs.,

1 1 tables.

725. Seasonal bottom-water temperature trends in the Gulf of Maine and on

Georges Bank, 1963-75. By Clarence W. Davis. May 1978, iv-f 17 p., 22 figs., 5

tables.

733. Possible management procedures for increasing production of sockeye

salmon smolts in the Naknek River system, Bristol Bay, Alaska. By Robert J.

EUis and William J . McNeil. April 1979, iii + 9 p., 4 figs., 1 1 tables. For sale by

the Superintendent of Documents. U.S. Government Printing Office, Washing-

ton, D.C. 204O2. Stock No. 003-017-00451-1.

734. Escape of king crab, Paralilhodes camtschalica, from derelict pots. By

William L. High and Donald D. Worlund. May 1979, iii -i- 11 p., 5 figs., 6 tables.

726. The Gulf of Maine temperature structure between Bar Harbor, Maine,

and Yarmouth, Nova Scotia, June 1975-November 1976. By Robert J.

Pawlowski. December 1978. a\+ 10 p.. 14 figs., I table.

727. Expendable bathythermograph observations from the NMFS/MARAD
Ship of Opportunity Program for 1975. By Steven K. Cook. Barclay P. Collins,

and Christine S. Carty. January 1979. iv-1^93 p.. 2 figs.. 13 tables. 54

app. figs.

728. Vertical sections of semimonthly mean temperature on the San Francisco-

Honolulu route: From expendable bathythermograph observations, June 1956-

December 1974. By J. FT. Saur, L. E. Eber, D. R. McLain, andC. E. Dornian.

January 1979, iii-i-35 p.. 4 figs.. 1 table. For sale by the Superintendent of

Documents, U.S. Government Printing Office, Washington, D.C. 20402, Stock

No. 003-017-00438-4.

729. References for the identification of marine invertebrates on the southern

Atlantic coast of the United States. By Richard E. Dowds. April 1979, iv + 37 p.

For sale by the Superintendent of Documents. U.S. Government Printing

Office. Washington. D.C. 20402. Stock No. 003-017-00454-6.

730. Surface circulation in the northwestern Gulf of Mexico as deduced from

drifi bottles. By Robert F. Temple and John A. Martin. May 1979. iii+ 13 p., 8

figs.. 4 tables. For sale by the Superintendent of Documents. U.S. Government

Printing Office, Washington, D.C. 20402, Slock No. 003-017-00456-2.

731. Annotated bibliography and subject index on the shonnose sturgeon,

Acipenser brevirosirum. By James G. Hoff. April 1979, iii -i- 16 p. For sale by the

735. History of the fishery and summary statistics of the sockeye salmon,

Oncorhynchus nerka, runs to theChignik Lakes, Alaska, 1888-1966. By Michael

L. Dahlberg. August 1979, iv -i- 16 p., 15 figs., II tables. For sale by the

Superintendent of Documents, U.S. Government Printing Office, Washington,

D.C. 20402. Stock No. 003-017-00459-7.

736. A historical and descriptive account of Pacific coast anadromous

salmonid rearing facilities and a summary of their releases by region. 1960-76.

By Roy J. Whale and Robert Z. Smith. September 1979. iv-^40 p.. 15 figs.. 25

tables. For sale by the Superintendent of Documents. U.S. Government Printing

Office, Washington, D.C. 20402, Stock No. 003-017-00460-1.

737. Movements of pelagic dolphins (Stenetta spp.) in the eastern tropical

Pacific as indicated by results of tagging, with summary of tagging operations,

l%9-75. By W. F. Perrin. W. E. Evans, and D. B. Holts. September 1979.

iii -I- 14 p.. 9 figs.. 8 tables. For sale by the Superintendent of Documents, U.S.

Government Printing Office, Washington, D.C. 20402, Stock No.

003-017-00462-7.

738. Environmental baselines in Long Island Sound, 1972-73. By R. N. Reid,

A. B. Frame, and A. F. Draxler. December 1979, iv-f 31 p.. 40 figs.. 6 tables. For

sale by the Superintendent of Documents. U.S. Government Printing Office,

Washington, D.C. 20402. Slock No. 003-017-00465-0.

739. Bottom-water temperature trends in the Middle Atlantic Bight during

spring and autumn. 1964-76. By Clarence W. Davis. December 1979. iii+ 13 p..

10 figs.. 9 tables. For sale by the Superintendent of Documents. U.S. Govern-

ment Prmling Office, Washington, D.C. 20402, Stock No. 003-017-00467-8.



NOAA Technical Report NMFS SSRF-745

.^OWMOS^^

^^^M^H^^"^

Dorsal Mantle Length—Total

Weight Relationships of Squids

Loligo pealei and ///ex illecebrosus

From the Atlantic Coast of the

United States

Anne M. T. Lange and Karen L Johnson

March 1981

Marine Biological Laboratory

LIBRARY

OCT 14 1992

Woods Hole, Mass.

U.S. DEPARTMENT OF COMMERCE
Philip M Klutznick, Secretary

National Oceanic and Atmospheric Administration
Richard A. Frank, Administrator

National Marine Fisheries Service
Terry L Leitzell, Assistant Administrator (or Fisheries



The National Marine Fisheries Service (NMFS) does not approve, rec-

ommend or endorse any proprietary product or proprietary material

mentioned in this publication. No reference shall be made to NMFS, or

to this publication furnished by NMFS, in any advertising or sales pro-

motion which would indicate or imply that NMFS approves, recommends

or endorses any proprietary product or proprietary material mentioned

herein, or which has as its purpose an Intent to cause directly or indirectly

the advertised product to be used or purchased because of this NMFS
publication.



CONTENTS

Introduction 1

Methods 1

Results 4

Statistical summary 4

Analyses of covariance 4

Discussion 13

Conclusions 13

Literature cited 16

Figures

1

.

The northwest Atlantic area, considering in length-weight regression analyses for squid, showing (A)

survey strata and ICNAF Divisions and (B) geographical areas 2

2. Dorsal and ventral views of the squid, Loligo pealei and Illex illecebrosus, and features used for length

measurements 3

3. Seasonal (spring, summer, autumn) geographic distributions of Loligo pealei catches from U.S. bot-

tom trawl surveys in the northwest Atlantic, 1977 5-7

4. Seasonal (spring, summer, autumn) geographic distributions of Illex illecebrosus catches from U.S.

bottom trawl surveys in the northwest Atlantic, 1977 8-10

5. Plots of squid, Loligo pealei and Illex illecebrosus, overall length-weight relationships for the north-

west Atlantic, all data combined 17

Tables

1 . Survey cruises in the northwest Atlantic in which Illex illecebrosus and Loligo pealei were obtained

for length-weight analysis 1

2. Length-weight summary statistics for northwest Atlantic squid, Loligo pealei and Illex illecebrosus,

by sex, area, season, and year 11

3. Regression parameters and statistics for dorsal mantle length and total weight relationships of north-

west Atlantic squid, Loligo pealei and Illex illecebrosus, by sex, area, season, and year 12

4. Analysis of covariance of adjusted means and slopes of Loligo pealei length-weight regressions 14

5. Analysisof covariance of adjusted means and slopes of ///eAr///ecefcro5W5 length-weight regressions .... 15

6. Percentage overall errors in calculated sample weights of squid species versus empirical sample

weights using length-weight function for all data and for annual, seasonal, and area data by sex 16

lU





Dorsal Mantle Length—Total Weight Relationships of

Squids Loligo pealei and Illex illecebrosus from
the Atlantic Coast of the United States

ANNE M. T. LANGE AND KAREN L. JOHNSON'

ABSTRACT

Leng(h-weight data were collected from the Northwest Atlantic, for two commercially important species of

squid, Loligo pealei ani Illex illecebrosus, during nine research vessel cruises between 1975 and 1977. These data,

in total and by year, sex, season, and area of capture, were fit to length-weight relationships of the form

W = ai*. Analyses of covariance indicate that for each species, differences exist between relationships determined

for each area. For L. pealei, differences also exist between sex and among years and seasons. However, com-

parisons of sums of total observed weight versus sums of total weight, predicted by equations obtained for all

data within a given set, indicate that the net results of using a single equation for each species is about as precise

as using separate equations for each sex, area, season, and year. These equations are: H '
= 0.25662/.^*'^^^^ forL.

pealei and H= 0.04«10i '''•''"' for /. illecebrosus.

INTRODUCTION

Two species of squid— the long-finned squid, Loligo pealei,

and the short-finned squid, Illex illecebrosus—are of commer-

cial importance off the northeastern United States. Loligo pealei

is distributed primarily from Cape Hatteras to the Gulf of

Maine with some seasonal occurrence in the Gulf of Mexico and

as far north as New Brunswick (Summers 1969). Commercial

concentrations of L. pealei are found primarily from Cape Cod
to about Baltimore Canyon. /Ilex illecebrosus ranges from New-

foundland to Florida with commercial concentrations from the

Middle Atlantic area, near Baltimore Canyon, to New-

foundland (Squires 1957). Until the late 1%0's these species

were taken commercially off the United States in quantities

ranging from 400 to 5,000 t (metric tons) per year (average 1 ,805

t for 1930-67). Comparable amounts (< 5,000 t) of /. il-

lecebrosus were taken annually off Newfoundland by coastal

Canadian fishermen. However, with development of interna-

tional fisheries in these areas, catches increased rapidly in the

early 1970's, reaching 56,700 t (/,. pealei and /. illecebrosus) in

1973 off the United States and 80,600 t (/. illecebrosus) in 1977

off Canada.

The life history and population dynamics of these two squid

species, especially /. illecebrosus, are not fully understood. The

relationship of growth in length to increase in weight can be

used, in conjunction with length-frequency samples from the

commercial fishery, to convert catch in weight to catch in

number. Population size in number may be more appropriate

than biomass in analyzing the status of the squid stocks, since

individuals increase weight so rapidly. Mesnil (1977), Summers

(1971), and Squires (1967) presented studies of the growth and

life cycles of these species but did not provide length-weight rela-

tionships. Mercer (1973p provided length-weight functions for

male and female /. illecebrosus from Newfoundland waters, but

'Northeast Fisheries Center Woods Hole Laboratory, National Marine

Fisheries Service, NOAA, Woods Hole, MA 02543.

^acer.M.C. 1973. Length-weight relationship of (he ommastrephid squid, //

lex illecebrosus {LeSuew). Annu. Meet. Int. Comm. Northwest All. Fish. 1973, Res.

Doc. 72, Serial 3024. [Mimeogr.)

these may not be appropriate for /. illecebrosus off the United

States. Similar studies had not been made for L. pealei.

The objectives of this study were to: 1) calculate dorsal mantle

length-total weight relationships for Loligo pealei and Illex il-

lecebrosus from the northwest Atlantic off the U.S. coast; 2)

analyze differences in length-weight relationships from different

areas, seasons, and years, and by sex; and 3) determine the ap-

propriate application of these relations to empirical data fro."!

the commercial fishery (i.e., is a single relationship appropriate

for all areas, seasons, and sexes, or must several functions be

used to adequately represent the population?).

METHODS

Samples of L. pealei and /. illecebrosus, for length-weight

analysis, were collected from the Nova Scotian to Middle Atlan-

tic areas (Fig. 1) during research vessel bottom trawl surveys

conducted in 1975-77 (Table 1). Standard bottom tows, based

on a stratified random sampUng design (Grosslein 1969), were

made and subsamples of each species of squid taken from tows

in a given strata were frozen whole and returned to the North-

east Fisheries Center, Woods Hole Laboratory, Woods Hole,

Mass., for analysis. These were generally random subsamples,

but in areas or seasons, when few individuals in the upper or

lower size ranges were obtained, length stratified random

samples were used to ensure representation of the entire size

Table 1.—Survey cruises in the northwest Atlantic in which Illex illecebrosus and

Loligo pealei were obtained for length-weight analysis.

Year

Cruise

code Country Season Area

1975
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Figure 2.— Dorsal and ventral views of Ihe squid, Loligo pealei and Illex illecebrosus, and fealures used for length measurements.



1977), BMDPIV, to determine the significance of differences

between slopes and adjusted means of the various length-weight

functions (Winer 1971).

A total of 5,388 L. pealei and 2,798 /. illecebrosus were ob-

tained from nine cruises during the 3-yr study period (1975-77).

Of this total, 750 L. pealei and 20 /. illecebrosus were of indeter-

minable sex and not considered in this study. There were also

3,026 L. pealei and 193 /. illecebrosus which were damaged

during the capture or preserving process, preventing accurate

measurement of weight; these were also excluded.

The number of individuals in any sample does not necessarily

reflect the size of the survey catches or the relative abundance of

either species in any area, season, or year. This is often a func-

tion of time available to separate and freeze the samples.

Generally, however, both species are more available in autumn

than in spring, and while /. illecebrosus may be taken in great

quantities during the summer, L. pealei is usually too far inshore

to be captured in an offshore survey. Loligo pealei are most

abundant in the area south of Cape Cod and are only occa-

sionally found north of Georges Bank, while /. illecebrosus are

generally more available from southern New England and

Georges Bank areas, with significant catches also taken in the

Gulf of Maine and Nova Scotian areas. Examples of seasonal

distributions from U.S. surveys in 1977 are presented for L.

pealei and /. illecebrosus in Figures 3 and 4.

RESULTS

Statistical Summary

Statistical summaries of L. pealei and /. illecebrosus length

and weight data are presented in Table 2. Lengths ranged from

2.1 to 42.5 cm for L. pealei and from 4.9 to 45.0 cm for /. illec-

ebrosus, with an overall average of 17.0 and 22.3 cm. Weights

averaged 133 and 243 g, ranging from 4 to 752 g and from 3 to

861 g, for L. pealei and /. illecebrosus. Male L. pealei were con-

sistently larger (mean lengths and weights) in all areas, seasons,

and years, than female L. pealei; while on the average, female /.

illecebrosus were larger than the males of that species. Size com-

parisons, for each species, between areas and seasons were not

made, since not all samples were random with respect to length.

Regression parameters (a and b), standard errors of estimates,

and Pearson correlation coefficients (r) for L. pealei and /. illec-

ebrosus length-weight relations are presented in Table 3, by sex

and overall, for each year, season, and area. Correlation coeffi-

cients indicate that generally between 76% and 96% (r^ x 100)

of the variation between dorsal mantle length and total weight

of L. pealei may be accounted for by these regression equations.

The low value for the regression of females from siunmer

samples (64%) may possibly be explained by small sample size

(35 individuals) and a narrow range of lengths. For /.

illecebrosus, between 41% and 96% of the variation is explained

by the various regressions. The relatively low correlations for /.

illecebrosus in some groups (all 1977 data, males in 1977 and in

spring, and all data from Georges Bank, the Gulf of Maine, and

Nova Scotia) indicate that regression equations may not always

be adequate for that species. However, examinations of

residuals about the regression lines, plotted against predicted

loge weights indicated no systematic departures from the fitted

equations which would imply a better model.

Comparison of the length-weight relationships of male versus

female L. pealei, for all samples, shows a difference in weight,

by sex, through the entire length range. This difference is also

evident when considering the relationships in each area sep-

arately. Generally, females less than about 13 cm are lighter

than males of the same length, while females greater than about

17 cm are heavier than the males. Length-weight relationships

by year (pooled over season and area) and those by season

(pooled over area and year) also showed differences between

sexes, again with females <13-17 cm weighing less than males at

the same lengths and those greater than that range weighing

more. The simimer sample shows only a slight difference be-

tween sexes. Comparisons of length-weight relationships by

year, season, and area, for each sex separately and combined,

indicate that differences in each category are more evident in the

male than in the female samples. Individuals of a given length,

for both sexes, were lightest in summer than spring, and heaviest

in the autumn, though larger females were heavier in the spring

than they were later in the year. The most robust males were

from the Middle Atlantic and southern New England areas,

while females from Georges Bank and southern New England

were heavier at any given length than those from the other areas.

The regressions for the Gulf of Maine are not given since the

weight of only five L. pealei were obtained.

Differences between the length-weight relationships of male

and female /. illecebrosus were not as consistent as those of L.

pealei. The overall /. illecebrosus regressions (pooled over year,

season, and areas) were almost identical. Though great dif-

ferences were exhibited between sexes in the spring and Nova

Scotian samples, the relationships from the other areas and

seasons were similar for each sex. Comparisons by year, season,

and area, overall and for each sex separately, indicate that the

greatest difference is exhibited by both males and females,

among areas, where the Nova Scotian samples had a nearly

linear length-weight relationship (b = 0.827 and 1.170 for males

and females and 1.242 overall).

Analyses of Covariance

Analysis of covariance was used to test if observed differences

in the regression equations of each species were statistically

significant (Tables 4, 5). In the analyses, the //g the adjusted

means are equal, is based on the prior assumption that the

slopes are equal. Significance in the test of equality of slopes in-

dicate differences in the populations, and the Hq is not tested.

Differences between sexes were examined with tests of slopes

and adjusted means, pooling data over all years, areas, and

seasons for each sex. Consistencies in these differences were

checked by testing differences between sex within each season

(data pooled over years and areas), within each area (data

pooled over seasons and years), and within each year (data

pooled over seasons and areas). Seasonal differences were

tested, with pairwise tests of data combined over all areas, sexes,

and years, for each season. Area and annual differences were

tested with data pooled over years, sexes, and seasons, and over

areas, sexes, and seasons.

Significant differences (P:i0.05) were exhibited in slopes be-

tween male and female L. pealei (Table 4a), with the slope of the

female equation significantly greater than for the males. This

difference was also significant during the spring and autumn,

and in each area, and year. In each case, the slope of the female

regression was significantly larger than for the males.

Tests between seasons (Table 4b) showed significant dif-

ferences in slopes between spring and summer and between sum-
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Table 2.—Lenglh-weighl summary statistics for nortliwest Atlantic squid, Loligo pealei and lUex illecebrosus, by sex, area, season, and year.

Species

and sex



Table 3.~Regression parameters and statistics for dorsal mantle length (cm) and total weight (g) relationship of northwest Atlantic LoUgo pealei and lUex il-

lecebrosuSy by sex, area, season, and year.



Table 3.—Continued.



Table 4.— Analysis of covariance of adjusted means and slopes of LoUgo pealei length-weight regressions.

Test of adjusted means



Table S.— Analysis of covariance of adjusted means and slopes of Illex illecebrosus lenglh-weighl regressions.

Test of adjusted means Tesi of slopes

Adjusied means df F-ratio' df F-raiio

a. Between sexes: all seasons, areas and years combined; by seasons (area and year pooled); by area (season and year

pooled); and by year (season and area pooled).

I actor

Overall

Season; Spring

Summer
Autumn

Mid-Atlantic

Southern New England

Georges Bank

Gulf of Maine

Nova Scotia

1975

1976

1977

Area;

Year:

2.611



Table 6. -Percentage overall error' in calculated sample weights of squid species versus empirical sample weights using length-weight functions for all data and

for annual, seasonal, and area data b\ sex.

Area Season Year



SQUID LENGTH-WEIGHT RELATIONSHIPS
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Figure S.— Plols of squid, LoUgo pealei and lUex illecebrosus, overall lenglli-weiglil relationship!^ for Ihe north»esl Allanlic. all data combined. (W
0.2S662L2I51«2 for /.. pealei and W = 0.048 lOL^ 7 1wo f„r /. illecebrosus).
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