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ABSTRACT 

Length-weight data were collected from the Northwest Atlantic, for two 

cOl1llll!rcially important species of squid (LoHgo pealei and 1.l.1!lt illecebrosus) 

during 9 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 • aLb. Analysis of covariance indicate that 

differences between equations determined for each area for each species, and 

for each sex, year and season for Lollgo, do exist. However, compa"isons of 

sums of total empirical 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. 
2.15182 2.71990 

These equations are: W = 0.25662L and W = 0.04810L , for 

b!!.!.!.9!!. and 1.l.1!lt, respectively. 

Introductfon 

Two specfes 01' squfd .... 01' c~fll importance off the northeutern 

Unlted States, these Ira: LoHgo l!!!!!! (the long-ffnned squfd) and!1.!!!. 

fllec:e11rosus (the sllort-ffmed squfd). Lolfgo 15 distrfbuted prflllrfly fl'Olll 

cap. Hattru to the Sulf 01' Malne wlth s_ seasona.1 occurrances fn the 

flulf 01' Hafeo and IS fer north IS Haw BrunswfcJc (S_rs 1969). Illa 
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ranges from Newfoundland to Florida with cannerclal concentrations from the 

Middle Atlantic area. near Baltimore Canyon. to Newfoundland (Squires 1957). 

Until tile late 1960's these species were taken con.relally off the USA In 

quantities. ranging fl'Olll 400 to 5.000 metric tons (NT) per year (llverage 

1.BD5 NT. 1930-1967). COIIIparab·le amounts of 111ex were taken annually off . --
Newfoundland by coastal canadian fishermen. Howeve~. with develo~nt of 

International flsh"ries in tllese areas catches Increased rapidly in the early 

1970's. reaching 56.700 NT (lo1fClo and Illex) In 1973. off the USA and BD.600 

lIT CIllex) in 1977. off Canada. 

The life history and population dynamics of these two squid species. 

especially Illex. 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 COIIIIItreial fishery. to convert catch In weight to catch In 

nillber. For rapid 9rowing species. 1fke squid. population size In ntJRbers may be 

IIIOre app1'O\lrfate than bl ... ss In analyzing the status of the stocks. Masnfl (1977). 

S_rs (1971). and Squires (1967) pres'ent studies of the growth and 1ffe 

cycles of these sp«les. but do not provide lengtlHfelght relationships. 

Mercer (MS 1973), provided length-welght functions for .. 1. and f .. le 111ex 

from Newfoundland .. ters, but. these 1lIIY not be appropriate for !!l!l!. off the 

US. SI.fler studies have not been .. de for !:2l!9!. 
The objectiVes of this study were to: (1) calculate dorsal .. ntle length -

totel wight relationships for squid (Lo1fg0.e!!l!! and Illax I11eceb!"!!Sus) 

fl'Olll the Northwest Atlantic, off the US coast; (2) analyze differences in 

length-weight relationships from different areas. seasons. and years and by sex; 

and (3) detenaine th. appropriate applfcation of these relations to empirical 

data fl'Olll the _relal fishery. 

Methods and Materials 

Samples of squid. both Lolfgo and Illex. for length-weight analysis, were 

collected fl'Olll the Nova Scotian to Middle-Atlantic areas (Figure 1) during 

research vessel botto. trawl surveys conducted In 1975. 1976. and 1977 

(Table 1). Standard bott .... tows. based on a stratified random sampling. 

design (Grosslein 1969) were made and subsamples of each species of· squid 

taken fl'Olll tows In a given strata were frozen whole and returned to the North"lSt 

Fisheries Center, Woods Hole, for analysis. These were generally. rana 

subsaloplas. but In areas or seasons when few Individuals In the upper or 
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1_ size ruges ...... abulned. length stratified rand .. s_les were used to 

ensure represenutlon of the entire size ronge_ The length data. therefore. do 

not represent an unbiased subs....,le of the survey catches. 

Fl'Ozen sanoples ...... thawed prior to analysis. Dorsal mantle length 

was _ured frIS the apex of tile tal1 fi n to the anteroclorsa 1 pl'Otuberance. 

to the _rest _ (Figure 2); total weight was _sured to tile nearest grail; 

and sex •• tur1t,y. and staMch content infonoatton ... s recorded. All dati 

were audited and stored on CCllllPllter files for statistical analysis_ 

The forII of the length-olelght relationships .... asslll1ed to be: 

where; 

II. Alb 

II· total weight (g). 

L· dorsal mantle lengtll (em). 

and A and b • coefficients of regression. 

Least squares regressions were fitted to tile linearized fonn of this 

function: y. a + !Ix 

lOhere; Y • loge II. 

X • loge L. 

o • loge A. 

and b • coefficient of regreSSion. 

Various regressions were fitted. with the SPSS (1975) SCATTERGRAM sub

prosra-. to calblnatlons of the data. illustrating effects of sex. selson. 

year, and area dffferences on tile length-wefght relationship. Pearson 

co"",lation coefffcients (r) were calculated for each regreSSion to measure 

the strength Of. tile relationship. and tile goodness of the fit of tile calculated 

regression line to the empfrfcal data. 

en.-.ay analyses of covariance were conducted using the program 8MDPIV 

(BMDP, 1977). to detennlne tile significance of differences between slopes 

and adjusted III ... of the various length-weight functions (Winer 1971). 

Results 

Data Base: 

A total of 5.388 .!:2!!£ and 2,798 ~ were obtafned frla 9 CMltses during 

the three year stucIJ period (1975-19n). Of this total 750 Lo1fgo and ZO 

~ were of indetel'lll1nable sex and nat considered in tIIis study. There 

were also 3.026 .!:2!!£ and 193 Ill ... which were d .... ged during tile capture or 
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preserving procesS. p_ting accurate measurement of weight. these were also 

excluded fl'(ll tile analysis. 

The number of Individuals In any sample does not. necessarily. reflect the 

size of the survey catches or tile relative abundance of either species In any 

area or season. This is aften a function of ti .... available to sepa ... te and 

freeze tile slllPles. Gene .... lly. h.-ver. both species are more avaflable in 

autllRn than In spring .• and whfle .!ll!l!. may be taken in' great quantities during 

the s_r. LoHqo 15 usually too far inshore to be captured in an offshore 

survey. Loligo is IIIIISt abundant in the area south of cape Cod. and is only 

occasionally found IIOrth of Georges Bank. while Illex is gene .... lly more 

av.f1abl. f .... southern Mao Engl.nd and Georges Bank are&$. wtth slgntflcant 

catches also taken in tile Gulf of Maine and Nova Scotian areas. Examples of 

seasonal distrfbutions of each species, from 1977 US surveys, are presented in 

Figures 3 (a. b). 

Statistlc.1 S .... ry: 

Statistical st_rles of LoHgo and I1lex length and weight data are 

pres_ted In Table 2. Lengths ranged froll 2.1 to 42.5 011 for Lo1fgo and 

fl'(ll 4.8 to 45.0 011 for Illex, with an overall average of 17.0 011 and 22.3 an, 

respectively. Weights .". ... ged 133 g and 243 g ranging froll 4 to 752 g and 

fl"ml 3 to 861, for l:2l.!s2. and Illex. respectively. Male LoHgo were 

consistently larger ( .... an lengths and weights) in all areas, seasons. and 

years. than fl!lllllle Lo1fgo; while on the average, feaoale Illex were larger than 

the IIIIIles of that species. 

Regression parameters (a and b), standard error or regression and Pearson corre

lation coefficients (r) fa! Lo1fgo and Ille. length-weight relations are presented in 

Table 3 (a and b, respectively), by sex and overall. for each year, season. and 

area. Correlation coefficients Indicate that gen .... J1y between 76 and 961 

(rZ • 100) of tile variation between dorsal mantle length and total weight of 

Lo1fgo 1IIiIY be accounted for by these regression equations. The low value for 

the regression of f ..... les fl"ml sume~ samples (6411) IIIIIY posstbly be explained 

by _11 sample size, and a narrow range of lengths. For!!l!l!., between 4111 

and 961 of tile v.rlatlon Is explained by the various regressions. The very low 

correlations for Illex In s ... groups (all 1977 data. IIIIIles in 1975 and 1976, 

and all data fran Georges Bank, the Gulf of Maine, and Nova Scotia) indicate 
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that regresslon equatlons ... y not always be adequate for that specles. 

HOIOIYer. ex .. lnation of reslduals lndlcated no systematic departures flU! 

the fltted equations to l11P1y a better model. Fltted regressions were 

plotted fa .. visual COIIParfsons of the va .. ious relationships (Figures 4a-g. 

5a-g). 

, COIIPIrison of the length-wight relltionshlps of 1III1e versus f_1e 

LoUgo. fa .. all ..... les. shi.os a difference ln welght. by sex. through the 

entlre length .... (Flgure 4a). Thls dlfference 1s also evident when 

considering the relationships in each area sepa .. ate1y (Figure 4b). Gene .. ally. 

fl!lllales less than about 13 em are lighter than males of the same length. wh11e 

females greate .. than about 17 em are heavier than the males. Length-weight 

re1ationshlps by year (pooled over season and area. Figure 4c). and those by 

season (pooled ave .. area and year. Figure 4d) also showed differences between 

sexes. again with f_1es less than 13-17 em weighing less than males at the 

s_ lengths and those greater than that range weighing more. The s ..... r 

sample s",*" only a slight difference between sexes. Compa .. isons of 1ength-welght 

ntl!1ittons~tPSi lIT,.. ... season. and area. fa .. each sex separately and co..,lned are shawl 

in Flgure 4e-g. Dlfferences in each category are more evident i~ the male 

than ln the f ... 1e samples. Indlvidua1s of a given length. for both sexes. 

were lightest In s_. then' sp .. lng and heaviest in the auNan. though larger 

f_1es wre heavi ... in the spring than they were -later In tha year. The 

IIOSt robust .. les were flU! the Mldd1e Atlantic and Southern New England areas. 

whl1e f ... 1a f1"Olll Georges Bank and Southern Hew England were heavier at any 

glven length than those fl"Olll the other areas. The regresslons for the Gulf of 

Malne are not given since the weight of only five Lo1igo were obtained. 

Dlfferetces be_ the length-weight re1atlonships of ... le and f_1 • 

.!!l!l!. were not as conslstant as those of Lollqo. The overall .!!l!l!. 
regresslons (pooled _ year. season. and area. Figure 5a) were visually 

lnseparab1e. Though great differences were exhlblted In the spring (Figure 5b) 

and Hoya Scotian s .... 1es (Figure 5c); the relationships flU! the other areas 

and __ ...... 5111'11&1' for each sex. COIIparisons by yea ... season. and area. 

0 ..... 11 and for each sex sepa .. ate1y are 111ustrated tn Figures 5 .... g. The greatest 

dtfference 15 exhibited by both males and f .... 1&5. among areas. where the 

Hova Scotian samples had a nearly linear 1ength-weight relationship 

(b • 0.827 and 1.170 for males and f .... 1es. respectively. and 1.242 overall). 
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~lyses <If Covariance: 

Analysis of CQYariance was used to test If observed differences In the 

regresslo~equatlons of each species were statistically significant (Tables 4, 5). 

Differences between sexes were oxilll1lned with tests of slopes and adjusted 

_. by pooling data oyar all years, areas, and seasons for each Sex. 

Conslstenclas 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 

slopes and adjusted means for data canblned over all areas. sexes. and years, 

for each season. Area and annual differences In slopes and adjusted _ns 

were tested with data pooled over years, sexes, and seasons., and over areas, 

sexes. an4 seasons. respectively. 

SIgnificant differences (P<D.01) were exhibited In slopes Ind adjusted 

_ns between Alale and f_le Loligo (Table 40), Indicating that overall, 

f_les were heavier than ... les of the same length. This difference was also 

evident during each _. though It was only significant (P<O.Ol) In the 

spring. Slopes wre Significantly different between sexes In AIOSt arus 

(P<O.Ol), but while adjusted _n weights for f_les wre greater In all 

areas this difference IIIlS significant only fn Southam New England and Nova 

Scotia· (P<O.Ol). Significance was consistantly dl!lllOllstrated In tests <If 

slopes for each year (P<O.Ol). Tests of adjust means were also significant 

In 1975 and 1977 (f .... le5 again heavier), but not in 1976 • 

. Tests between seasons (Table 4b) showed significant differences (P<O.01) 

In adjusted means for each pair with heaviest Individuals In autumn and 

lightest in s ...... r. Significant differences were also evident In s.lopes 

between Slllllll!r and autum (P<O.05). 

Oifferences In LoHso length-weight regresSions were also found between 

areas (Table 4c). Adjusted means were significantly different (P<O.01) 

between the Middle Atlantic and all areas and between Southern New England 

and Nova Scotia, generally decreasing fran south to north (excluding the Gulf 

of Maine). Significance In both slopes and adjusted means were evident only 

between: the Middle Atlantic and. Southern New England and between Southern New 

England and Nova· Scotia. Though the adjusted mean frtlll Middle Atlantic sUlples 

IIIlS significantly grater than that of Southern England LoHso, the slope fl"Olll 
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tile lett.!- was greater. Larger individuals (anI' 19 01) frill Southern New 

England, generally, weighed more than those of the same length 

fram the Middle Atlantic, while the reverse was true for individuals less 

than about 19 CII. 

Painris. CGIIPIIMSons between years produced significant results in 

tests of adjusted ...... decreasing fl'llll 1975 to 1977. However, there was 

110 significant d1ff_ in tile slope in 1111 year. 

Dfff.NIICeS in langtlMoeigllt regressions for I11ex were not .as consistMIt 

as for La1fgo. _ Tests at adjusted ..... and slopes betooeen sexes (Table Sa) 

revealed significant differences (P<O.Ol) in the overall adjusted IIIINns ( ... les 

heavier pel' unit length) but no significance in their slopes. When regressions 

by sex were CIlIIIpared within seasons, only s .... r samples were significantly 

different in both adjusted means and slopes (males heavier). Comparisons 

between sex, wi-thin the five areas showed significance in both slopes and 

adjusted IIIIYns on Georges Bank ( ... les heavier) and in the Nova Scotian ...... 

(f_les heavier), lOhile adjusted means were Significantly different in 

Southern New England (P<O.05). Georges Bank (P<0.05), the Gulf of Maine (P<O.Ol). 

and Nova Scotia (P<O.Ol). Differences between males and females within each 

-year were also inconsistent. The adjusted mean of the lIIales was greater than 

that of the f_les in each year. but this difference was only significant 

(P<O.Ol) in 1976. Significant differences in slope were -found only in 1977 

data. with f_les over about 20 CII heavier per unit length. than males. 

Dffferences in langth_igllt regressions due to seasons (Table Sb) were 

not significant for.!ll!!. However. tests of adjusted means and slopes 

betooeen IIIO.t pilirs of a ...... were (at the P <0.05 level). Adjusted mean. 

were greatest in the Gulf of Maine, and less for Nova Scotia, Georges Bank. 

the Middle AtlantiC, and Southern New England. respectively. Significance 

in adjusted _ at tile P <0.01 level were exIIibited between: the Middle 

Atlantic and Nova Scotia; Southe", New England and Georges Bank, the Gulf of 

Maine. and Nova Scotia; and Georges Bank and the Gulf of Maine. Tests of 

slapas were Significant (P <0.01) for all comparisons except between: Middle 

Atlantic and Southern 11ft England; Middle Atlantic and the Gulf of Maine; 

and Southern Nw &!gland and the Gulf of Maine. TIIerefore, the length-weigllt 

NgI'IISSion for I11ex fl"Oll the Nova Scotian area was Significantly different 

(boUt adjusted _ and slopes) f'rw all other areas. exIIibiting an allllit 
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If_r relact ... p. &.0.,... But llJax were also sfgnfffcantly dffferent 

than tIIosa f.- otIIeI" areas, with indfviduals greater than 25 all weighing 

lass than those of COIIIparable lengths taken in other areas (except Nava Scotfa). 

There was a signiffcant difference between the adjusted means in 1975 

and 1976, with the .. an in 1975 significantly greater than in 1976. Tests of 

slopes reve.lad significant differences (P <0.01) between 1975 and 19n, and 

~n 1976 and 19n saqJles (Table Sd), however, there·was no significance 

in tests of adjusted _ans between those years. 

CoIIparisans of total calculated versus total l!OIPirical weights were made 

for each species, for all data and for various COIIIbinatians of data (Table 6). 

Weights were calculated an an individual basis from s~led lengths, s...ad 

within length (all) interval and then s-.! over all lengths. Percent differences 

were calculated between these values and those obtained by s.-ing the individual 

.. frical ""igh~ fa,"-the data set._ Predicted we.ights which are based on geometric 

means were conststently less than empirical weights, but these differences were very 

small, ranging from 0.08 to 6.60 percent for Laliga and from 0.17 to 5.62 percent 

for Illex. This indicates that the dorsal mantle length-total weight relationship 

produces relatively precise approximations of total empirical weight, and that the 

functions used for each species are fairly accurate representations of this 

relationship. 

Discussion 

Results of these analyses indicate that the weight of Loligo of a given 

size, differs Significantly, depending on the s,x of the individual. The 

consistencY of this difference in t .. ts within areas, seasons, and years is 

Ividence that it 15 not _rely a product of the statistical procedures employed. 

Ml,jor fectors influencing dffferences between sexes, are the relative weight 

of gonads, with _ture ovaries heavier than fully developed testes; differences 

in retes of .. turation, and dffferential feeding during different stages of 

.. bration and at different sizes. This study also suggests significant 

seuonal dffferences in the length-weight relationship of~. A possible 

oxplanation of this is that in spring larger individuals are more mature and, 

therefore, heavier than later in the year; while in summer the many individuals 

which are not yet mature begin to fead; so by autunn individuals throughout 

the size range a.rehelvier as I result of Sllmer feeding. Area and annUlI 

differences, also shown significant for Loligo, 1I1IIY possibly be explained by 

various phySical and biological factors such as temperature, nutrients, and 
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... 'lab'l'ty of fOod. 

Differences In length-Wltlght relationships for various groupings of 

~ were less consistent than for Lollgo. Overall, tests be_en sexeS Wltre 

not significant, except In s ....... r samples, possibly due to maturation of males, 

or differential feeding. Seasonal and annual differences were not Significant 

for Illex. but are. differences proved to be Important. As with .b2!i9!!. these 

are IIIDst likely due to physical and biological factors such IS temperatures, 

nutrients. and fOod availability. 

Cone 1 us 1 ons 

thlsstud,y points out that although differences in the length.weight 

relltionshlps of Loliso (by sex, year, season, and area) and Illex (by area), 

-cia exist; c""",lrlslons within categories of sums of total empirical weight 

versus sums of total weight predicted by equations obtlined for III data within 

a given set. indicate thlt the net results of using a Single equation for each 

species 1s approximately as preCise as using separate equations for each aera, 

season, year. or sex. This implies that for purposes of predicting total 

numbers taken in a fishery from length frequency and total catch in wei9ht 

data. a single equation, obtained from all samples 1s probably as accurate as 

applying different equations to catches from each aera or season. These 
_ 2.15182 2.71990 equations are: W· 0.2566ZL and W • 0.4810L , for Loli90 and 

Il1ex. respectively. However. significant changes in this relationship, for 

these short lived species, could occur as a result of changes. in environmental 

factors. To monitor any such future changes sampling done during surveys should 

~tonttnue wtth data reported by sex and area, and additional samples should be 

taken during the inshore fishery. 
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Table 1. SU ... ~ Cl"Uises used in !l!!l!. and Loligo length-weight relationship analysis. 

Tar Cruise Count1'7 Seuon Area 
CodII 

1975 753 USA Spring Mid-Atlantic - Nov. Scotia 

7S8 USA AutIDI Mid-Atl.niic - Nova Scotia 

1976 762 USA Spring I41d-Atlantic - Nov. Scotia 

766 USSR Autumn Mid-Atlantic - Nova Scotia 

767 USA Autllan Mid-Atlantic - Nova Scotia 

un nl USA Spring Mid-Atlantic - Nova Scotia 

n4 USA SUIIIIII!r Mid-Atlantic - Nova Scotia 

n5 Japan S ...... r ~id-Atlantic - Georges Bank 

na USA Autuall Mid-Atlantic - Nov. Scotia 

All 



, 
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Tabl. 21. 
I 

length-weight _r1 ,t.thtlcs for ~ b~ '.X. IDd for e ..... re •• se .. on .nd 181r. I 
,r .. n I ot.1 lIelaat 

Vear S .. s(tQ ,Ar,. II i ~.D. S.E. HIl!, ~. i S.D. S.E , HlnJ II ... 

- All Dlt. - 1709 170.2066 58.43553 1.413533 21.0 425.0 133.4383 91.42767 2. 1160 4.~ 752.0 

All All All MIlos i 

Hld-AthllUC 409 190.8924 51.808181 2.951325 41.0 425.0 166.6308 104.::19 6. 5473 4'j 134.0 
So. New Engl •• d 304 196.7039 53.810421 3.08624 66.0 402.0 170.4572 '19. 371 ,6. ~rOO4 10. 752.0 
Gaortl,ll8k 164 173.0061 '3.74351 4.'77638 21.0 355.0 127.2927 10.41714 7. 1172 7. 526.0 

• Gulf of MIl ... 3 170.6667 10.016651 &.78312 161.0 181.0 120.0 23.00 13. 7906 11. 141.0 
110 •• ScoUa 35 193.9114 11.400&6,10.37859 '8.0 310.0 133.2857 84.12161 14. 1115 34'3 lO5.0 

All Spring All 388 201.6151 &9.22797.1 3.1114&19 21.0 ·421i.O 17U22J 122.0835 6.197851 7. 752.0 
S_r 41 169.0244 46.1987& 1.21&032 90.0 298.0 95.82927 41.22444 7.687661 26.0 258.0 

l> 
Autlllll 485 181.1085 48.62424 2.20564 41.0 340.0 153.2119 eo.I5l3l 3.668417 4.0 570.0 

75 All All 580 188.&111 &0.11943 2.496323 21.0 425.0 163.9241 103.7126 4.306433 4.0 752.0 .... 76 All All 212 200.783 67.14859 3.924981 41.0 374.0 172.2735 15.95537 6.690241 10.0 599.0 N 
77 All All 123 175.5854 54.11841 4.879692 61.0 334.0 116.0488 82.82109 7.468266 9.0 460.0 

F_les ~ 

All All All 697 159.9928 37.227626 1.410083 64.0 285.0 115.8293 12.83651 2.l8OO67 7.0 435.0 
Hid-Atlantic 293 169.2421 31.53026 2.192542 64.0 286.0 130.6485 6 •• 5405 3.770491 7.0 435.0 
So. !lew Enlland 243 162.251 34.2lI41 2.194562 59.0 275.0 117.2346 &9.91084 3.847131 10.0 394.0 
Georg" link 124 135.1091 29.85194 2.68222 65.0 200.0 83.0 44.,,1145 4.023289 10.0 222.0 
Gulf of MIl .. 2 168.0 18.38478 13.00001 155.0 181.0 134.0 35.35535 25.0 109.0 159.0 
Ho •• ScoU. 35 148.1143 42.70926 7.211182 70.0 227.0 97.28572 77.08994 3.03058 14.0 350.0 

All Spring All 21' 157.6522 38.48149 2.225442 65.0 276.0 111.4114 66.74384 3.859897 10.0 435.0 
SUllllllr 35 131.0857 14.64556 ,.476562 100.0 158.0 68.39999 15.99117 2.703001 30.0· 95.0 
Autlllll 353 1&4.7080 3S.lOl04 1.906311 54.0 286.0 125.0055 58 • .,&72 3.096525 7.0 403.0 

75 All All 424 169.8982 39.81135 1.933411 54.0 2 •• 0 121.9693 66.75272 3.2418 7.0 435.0 
76 178 166 •• 292 32.43434 2.431056 59.0 270.0 118.241i 55.62306 4.169126 10.0 374.0 
77 95 147.9895 30.31764 3.110524 82.0 266.0 83.90526 46.32266 4.752604 20.0 302.0 



T.ble 2b. length-weight ~ry stltlstlcs for lll!!J ~y '." Ind for .ach lrea, •••• on, and ye.r. 

Po[I!1 aanl\. Ilng(§ Iou I !II11!I1 
V.ar Season Area B ! ~.g. 5.[. 1110. !!l" B 1·11. S.~. !!10· M ... 

All IIlta 2605 222.5766 40.73985 0.7982071 0.00 450.0 243.19 101.8574 2.132819 3.0 861.0 

Mal .. 

Mid-Atlantic 33l 192.6877 31.&'191 1.729034 7&.0 2&4.0 164.1892 7l.nU6 3.930386 8.0 391.0 
So. /lew England 211 192.&069 43.08842 2.926111 49.0 285.0 168.9309 16.66753 5.88269& 4.0 430.0 
IIIorge. lank" 318 215.0601 26.76869 1.323644 120.0 450.0 220.4617 68.66674 3.OO8ln 21.0 397.0 
Gulf of MJI_ 77 223.6584 14.6686& i.662631 161.0 260.0 268.062 60.68702 '.904531 ".0 373.0 
Hova ScotIa 68 213.8236 2'.17963 3.490043 56.0 211.0 215.2641 41.'23876 5.199496 60.0 402.0 

All Sprln9 All 34 112.8236 26.17711 4.626&04" 12 •• 0 241.0 118.6411 11.7103 .... 19&3 47.0 253.0 
5_r 411 209.6106 19.74397 .866861& 120.0 261.0 200.4149 ".UI92 2.90&497 70.0 430.0 
Aut_ 623 202.0610 39.5&083 1.684576 49.0 450.0 Its. 488 83.11697 3.346Ol7 4.0 "8.0 

75 All All 237 196.1266 38.63312 2.60949 92.0 285.0 186.7722 93.99169 6.1OS929 1&.0 397.0 
75 186 190.3297 44.67155 3.276956 41.0 265.0 171.8811 ".6522' 6.444323 4.0 428.0 
77 652 210.9018 26.09465 .9827826 120.0 450.0 204.4985 61.08188 2.~386 26.0 430.0 

N 

:to F_les ... 
All All All w 1511 237.0736 37.97183 .8770589 52.0 343.0 280.002 lU.m 2.916523 4.0 861.0 

Mid-Atlantic 352 222.8149 44.62104 2.339974 .80.0 343.0 245.8232 126.4676 6.613907 10.0 794.0 
So. Hew England 268 225.8552 47.19168 2.882691 &Z.O 311.0 252.5933 U3.1323 •• 132364 4.0 861.0 
George, Bant 558 242.7867 29.46974 1.'47663 82.0 301.0 290.2581 99.0S467 4.&93318 11.0 738.0 
Gulf of Matne 165 252.5162 IS.S1023 1.464374 185.0 316.0 330.3696 to. 3768 1.036824 1S.0 713.0 
Nay. Scotl. 158 252.2975 2s.i492. 2.247388 110.4 303.0 315.9810 14.4062 & •• 19.. 139.0 523.0 

All SprIng All 11 181.0688 48.78841 11.83293 80.0 266.0 146.1176 ll1.7810 2 •• 66601 10.0 408.0 
5U0111Br 656 211.17" 2S.18857 1.220907 139.0 290.0 247.3452 92.63&41 3.921561 61.0 547.0 
Aut...., 938 241.5821 41.17201 1.344316 52.0 343.0 295.8582 120.40U 3.131305 4.0 851.0 

75 All All 219 21'.6434 47.2823 3.195042 82.0 316.0 244.9178 132.I02g 8.926682 11.0 711.0 
76 All All 304 242.623 44.76668 2.566972 52.0 343.0 306.5777 13U025 1.542185 4.0 861.0 
77 All All 988 239.2834 31.87266 1.014001 80.0 303.0 279.8787 100.0611 3.183069 10.0 "738.0 
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rlbl. 30 .. :yr.lIl:\: plr_tor. ond stathtlcs for don.1 _tl. length (ao) •• nd totll .. Ight (9) 
I'll attons ips of ~ by "K, lru. HIIDn. and year. 

COrrelatton 
Intercept Slope Std •• ...,r' ""tllog. coefftclent 

A .... ~119!! Year Sex II) Ib} !If b of. Ir) 

All An All An -1.3601& 2.16182 0.2861 0.26662 0.9526 
Hal.s -0.86949 1.91628 0.31" 0.41111 0.9108 
F_I .. -1.ll11i05 2.32364 0.2038 0.1&162 0.9441 

1916 An -1.41009 2.18143 0.2863 0.2416' 0.9694 
Hal •• -0.86092 1.98020 0.3303 0.42102 0.9118 
F_I .. -1.68916 2.21011 0.222\ 0.20410 0.9416 

1916 All -1.23862 2.10361 0.26" 0.28918 0.9461 
Mal •• -0.23259 1.16341 0.3192 0.19248 0.8128 
F_I •• -2.20362 2.45491 0.11" 0111040 0.9144 

1911 An -1.61568 2.19236 0.1612 0.11816 0.9112 
Mal •• -1.60828 2.11591 0.1141 0.20023 0.9119 
F_I •• -2.16486 2.41658 0.1501 0.11411 0.9514 

Spring All All -1.38641 2.14418 0.2136 0.25021 0.9689 
Mal •• -0.88956 1.96453 0.3023 0.41084 0.9332 
FIMl.s -2.02656 2.40412 0.18686 0.13119 0.9610 

S_r An -0.18138 1.81046 0.16041 0.46111 0.9522 
Mal •• -0.68210 1.19806 O.U39 0.56812 0.9568 
F .. lls -0.89154 1.91113 0.1668 0.41002 0.8009 

Aut ... All -1.38983 2.18390 0.2111 0.2'912 0.9358 
Mila. -0.93193 2.01163 0.3290 0.39319 0.8917 
f .... 1 .. -1.39666 2,19463 0.2230 0.24145 0.9241 

Mld-Atlontlc All -1.04605 2.05658 0.2803 0.35132 0.9193 
Mal .. -0.91119 2.02414 0.3164 0.31863 0.9164 
F_lI. -1.31391 2.18061 0.2196 0.25312 0.9262 

So. Haw England All -1.11586 2.29111 0.1144 0.16934 0.9131 
HillS -1.24814 2.10368 0.2528 0.28104 0.9305 
F ... les -2.48431 2.48431 0.1162 0.08338 0.9542 

Georges Bank An -1.31404 2.11821 0.3566 0.26813 0.9556 
Miles -0.26611 1.73782 0.4096 0.16585 0.8155 
F.,..les -1.99226 2.41504 0.1198 0.13639 0.9539 

Gulf of Matne All iii Mal •• 
F_I •• 

Hova ScoU. All -1.26102 2.06114 0.2491 0.28161 0.9418 
Miles -1.01588 1:95655 0.2098 0.36208 0.9506 
F8IIIlles -1.98118 2.36422 0.2531 0.13182 0.9433 

(1) S .... l •• Iz. too ... 11 to f1t regression. 

Tabl. lb. 1lor.:"11II plr_tars lAd .tllll.tlc. for do .. al _tIl I .. gth ,(.-) lad tot.l" ... lght (9)' 
Fe Ittonshtp. of .ll..1!! by •• i~'are •• • lftOn. and year. " 1',(,1, II ",, '. 

:1,', " .' . " "~I"~:, (I '. ',1", " 

Area •• on Year 

All Al1 Al1 All' -1.03444 2.71990 '0.211'" II 0;04810 0.9259 

"1'" - .90355 2:68514 0:2183 ' 0.05483 0.8901 
_les -3 •• 2432 2.14348 0.2114 0.04391 0.9272 

1976 All -3.60800 2.91116 0.2262 0.02111 0.9541 
Mal •• -3.86325 3.01291 0.2401 0.02100 0.9423 
F_I •• .3.40628 2.84306 0.2054 0.03316 0.9607 

1916 All -3.48898 2.86430 0.2482 0.03053 0.9664 
Mal •• -3.24860 2.19844 0.3193 0.03144 0.9382 
FeMle • . -3.18216 2.95011 0.1834 0.02216 0.9618 

1911 All -2.04101 2.40036 0.2281 0.12990 0.8489 
Mal •• -1.09567 2.09161 0.2696 0.33432 0.1115 
F_I •• -2.49809 2.64442 0.2156 0.08224 0.1IIi93 

Spring Al1 Al1 -3.43632 2.84166 0.2606 0.03218 0.9299 
Mal •• -1.93149 2.32096 0.2664 . 0.14493 0.8101 
F_l •• -3.81840 2.98669 0.1"6 0.02068 0.9182 

S_r All -3.86026 2.98298 0.1601 0.02121 0.9164 
Mal •• -5.54891 3.65229 0.1196 0.00389 0.8523 
FIIII1es -3.65526 2.91409 0.1119 0.026111i 0.9134 

Aut .... All -2.90048 2.61682 0.2119 0.05500 0.9295 
Males -2.11626 2.62456 0.3189 0.06619 0.8961 
F_I •• -2.96402 2.68939 0.2310 0.05213 0.9266 

Mid-Atlantic All All -3.26968 2.19140 0.24142 0.03840 0.9309 
Hal •• -3.06021 2.13143 0.3061 0.04688 0.8519 
Felllla5 -3.36896 2.82290 0.2186 0.03443 0.9466 

So. New England Al1 -3.64833 2.91003 0.2045 0.02603 0.9143 
Mal •• -3.59821 2.90213 0.2285 0.02131 0.9658 
F1III1.s -3.12612 2.92964 0.1112 0.02409 0.9116 

Georges Bank Al1 -2.19814 2.45669 0.2213 0.11101 0.8463 
Mal.s -1.24068 2.15026 0.2345 0.28919 0.1160 
F_I •• -2.11228 2.61320 0.1061 0.06639 0.1IIi18 

Gul f of Main. Al1 -3.39896 2.84990 0.1466 0.03341 0.8166 
Mal .. -4.11169 3.31502 0.1426 0.00841 0.8520 
F8IIIles -5.11813 3.31266 0.1291 0.00598 0.8931 

Nova Scotia Al1 1.61461 1.24241 0.2160 5.33611 0.1191 
Males 2.82341 0.82681 0.2002 16.83611 0.6464 
fUllle! 1.95943 1.16965 0.1956 1.09528 0.6426 Al 
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Taill. 48. llllsults of analyses- of covarilJlC8 of adjust8d _5 and slopes of 1.ills!!. 
langt/l-wlght "9J'USfan equations bef:Mlen sexes: all seuans. areas. and 
)'III"S ClllDI~ by _ (areas and ,.ars pooled); by a .... (seasons and 
lWI"_ pooledl; and by year (seasons and areas paaled). 

-- -
~fl~:::~~~ 13.457 1609 P<O.Ol 51.300 1608 PcO.Ol 

esea-,=- co (piifng 0 _ 16.122 584 PcO.Ol <46.523 &a3 P<O.Ol 
= c = - ~ =~, .001 13 D.S. 0.2lS 72 n.5. 

Auu. 2.339 846 n.s. 5.737 845 PCO.05 

Area - IIfd-Atl .. tic 3.302 599 n.s. 4.152 698 PCO.05 _ Sa~'" England 12.502 544 PCO.01 25.187 543 PcO.Ol 
~~- .. ~~. ilWlMt 1.4n 285 n .. 5. 23.235 284 PcO.Ol 
- ::: - - :0::: auw-af' ... 1 .. (1) 
c = = = = = .a..~Scat1a 7.183 67 P<O.Ol 5.054 66 P~.05 

Year 1975 12.415 1001 PcO.Ol 22.650 1000 PcO.Ol 
- 1976' 0.018 401 ".5. 47.078 400 PcO.Ol 

- - 19n 18; 762 215 P<O.Ol 7.590 214 PCO.01 

_ Adj~ted_ 
" Jtdocerr'Ol" .0094 .0108 

- ~ -~ ~ " t-tat. 1_les 3.6671 P<O.Ol 

- (U .1. slD-fn the Gulf of Mafne was fnadequate 10r prop.r analysfs: 

P<O.OI • Sfgnfffc:ut at IS level 
_ P<Q.05· .sfgnff.fcant at 5S level 

-'- ; _IloS;; .!' .-fJIIlficant 

Spring )IS.. _ 

Spring va. aw.. 
S_r os. autu. 

16.335 

60.993 

53.887 

844 - P<O.OI 

1629 P<O.Ol 

936 P<O.Ol 

F-Rttlo 

5.533 

1.360 

7.163 

CO!!!parisons of Adjusted Means 

Adjusted Mean 

Std. error 

Spring 

S_ 

Spring 

4.5358 

0.0097 

~ 
4.6422 

0.0092 

t-oatrfx and sfgnlflcance levels 

-3.983 
P<O.Ol 

7.945 
PcO.Ol 

Rl 

7.316 
P<O.Ol 

843 PCO.05 

1628 n.s. 

935 P<O.Ol 
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Tlbl. 4c. llllults of .... Iy.f. of cavarfanee. tests of Id,jUStad _5 and slopes 
of .!:2!..!S!! length_fght regT8Ssion equations between pairs of lreas 
<selCIIS. _OIlS. and years pooled). and sl ... ltaneous comparfson. of 
adjusted _so 

Area 
C!!!!!!rfson F-Ratl0 df F-Rltl0 df 

1Ifd;.;An-,: IS ... 
..... England. ~ • 9.037 1263 P<O.01 34.176 1262 

II1d-Atlantic u;· . 

M1!i!m"ant1~: . 20.605 1067 P<O.Ol 1.785 1066 

&Ulfof MIIine 0.1437 705 n.s. 0.066 704 
111 d-Atllllti c Ys. 

110ft, Scotia. 29.7M 771 P<0.01 0.010 770 
So. NeW England ¥s. 

GeoI'flS IIanIc 1.301 927 n.s. 18.713 926 
So. New England vs. 

Gulf of MIIlne 1.258 565 n.s. 0.044 564 
So. New England vs. 

NoVI Scotia 29.149 631 P<O.Ol 11.215 630 
Georges Bank ¥s. Gul f 

of Maine 0.747 369 n.s. 0.031 368 
Georges Bank vs. Nova 

Scotia 4.287 435 P<O.05 0.182 434 
Gulf of MIIine vs. 

Nova Scotll 4.396 73 P<O.05 0.085 72 

Nova 
Scotil 

signifi -
clnce 

P<O.Ol 

n.l. 

n.s. 

n.s. 

P<O.01 

n.s. 

P<O.Ol 

n.s .. 

n.5. 

n.s. 

Adjusted IIIHII 4.m! 
Std. error 0.0104 0.0116 0.0151 0.1222 0.0324 

t_trix twith significance level) 

II1d-Atl anti c 
So. New Eng 1 and -2.7425 

P<O.01 
Georges Bank -4.2064 -1.8890 

P<O.OI n.s. 
Gulf of MIll .. 0.4083 0.7533 1.0469 

11.5. n.S. n.s. 
Nov. Scotia -5.3388 -4.0497 -2.8760 -1.8340 

P<O.01 P<0.01 P<O.01 n.s. 

82 
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Results of anal,_ of covariance tests of adJusted ...... and 
slopes of .b21!£ length_lg/1t regresslon equations be_ palrs 

____ --:of==Y!U'S~ __ ~IX. slasons. and areas caDbined). and s111111taneous 
__ -----' .... """'" n Jans. of adJusted 1IIHJIS. 

Tabl. ~. 

1S75n1976 

1975¥s19n 

1S7&'1S19n 

Adjusted .. ans 

Std. Irro .. 

1975 

1976 

19n 

Test Of adjusted means fast 01 s loees 
Livei Of 
s1gnl11-

Livel Of 
slgnlf1-

F-Rat1o df canca F-Ratio df c:ance 

9.275 

72.857 

42.700 

1501 P<O.Ol 

1304 P<O.Ol 

632 . 1'<0.01 

2.401 

0.175 

2.lS8 

CG!!pari san of adjusted IIIHJIS 

4.6200 4.5649 

0.0082 O.OllS 

19n 

4.4379 

O.OlSZ 

t-matrix and s1Q?lf1cance 

-3.4801 
PcO.Ol 

-9.11OS -5.5922 
PcO.Ol PcO.Ol 

1500 n.s. 

1303 n.s. 

631 n.s. 

·TaIII. Sa'. Raults of _lyses of covariance of adJusted MlnS and slopes of lli!!!. 
18119th_1ght regression equatlons by sex: all seasons. areas and 1111'S 
CDlD1ned; by season (area and yea .. pooled); by area (season and 1111' 
pooled); and b1111" (season and area pooled). 

s1gn1fi-
. .Factor F-Ratio df cance F-Ratla df Cfnc8 

Overell ,- 17 .186 2611 P<O.Ol 1.lS3 2610 n.s. 

. Season Spring 0.718 45 n.s. 3.599 44 n.s. 
~r 25.577 999 P<O.Ol 30.168 998 PcO.Ol 

. AlIa. 7.020 1561 PcO.Ol 1.140 1560 n.s • 
Area M1c1-Atlan1:fc 2.690 692 n.s. 0.855 691 n.s. 

So. NIw Engl and 5.415 48Z PCO.OS 0.160 481 n.s. 
&ea. §IS Bant 5.071 933 P<O.05 14.632 932 PcO.Ol 
Gulf of Na1na 51.376 239 P<O.Ol 0.049 238 n.s. 
Nav. Scot1a 42.314 223 P.O.Ol 4.409 222 PcO.OS 

Yaa .. 1975 6.080 453 PcO.05 3.625 452 n.s. 
1976 8.495 486 P.O.Ol 3.361 485 n.s. 
19n 0.321 1666 n.s. 25.583 1665 PcO.Ol 

PcO.Ol • Significant at IS level 
PCO.05 • S1gn1ficant at 5S lavel 
n.s •• non-s1gnlficant 

83 
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Tlble 51>- ~ of anal,... Of _.ri .... tests of adju.tod _n. and .1_ of 111 .. longth_lght ....,......lan equatlons betloten susans (l"a ... areas and sexes pooled), includfng s1 .. 1taneaus COMparisons of IdjuSted _ .. 

·5t>!'lng-U. _r 
Spring Ys-. .._ 

·~,ys. autuln 

Adjusted IIIIUI 

Std. error 

Spring 

Autuat 

O.!I09 

1.822 

0.l2Z 

1024 n.s. 

1627 n.'. 
2S48 n.'. 

1.410 

0.953 

21.396 

cc.ar1sons of ac11usted .. n! 

~ 

5.3076 

0.0330 

Soaar 

5.3470 

0.0076 

Autulll 

5.3503 

0.0060 

t .... tr1x and significance levels 

1.1640 
n.s. 

1.2759 0.3449 
n.s. n.J. 

1023 n.S. 

1526 n ••• 

2547 P<O.Ol 

Tlbl. Sc. Alsults of anal,... of ..... rl ..... tests of adjusted ... n. and slopes of ITl.x length-.etght regress10n equat10ns by lrea, (sex, seasons and 'IH" _led) and sl .. 1taneGus CIIIIPIrlsons of adjusted means _ ana •• 
Tut aT ICl'iUStid ..,.5 

level Of 
test Of slop!! 

Cevel 01 
ol9Otfl- sl9Olfl-_It t,an F-llatl0 of CInce F-Ratl0 df canee 

II1c1-Atl antic \IS". So. 
Hew Eft,land 5.152 1194 P<O.OS 5.310 U93 P<O.OS Mtd-Atlantlc YS. 
6oorve. Bank 3.B16 1638 n.s. 26.OS0 1537 P<O.Ol Mtd-AtlJl1tic YS. 
6ulf" of Malne 5.603 941 P<O.05 0.131 940 n.s. 

,"t~~;:!~r' " 9.957 925 P<O.Ol 250.813 924 P<O.Ol So. New England YS. 
1lIorve. Bank 12.271 1431 P<O.Ol 50.111 1430 P<O.Ol So. New England Ys. 
Gulf of Mal"" 13.955 734 P<O.Ol 0.204 733 nos. So. New England Ys. 
lIoya Scotia 13.083 718 P<O.Ol 401.683 717 P<O.OI Georges Bank Ys. 
Gulf of lilt .. 12.393 1178 P<O.Ol 5.754 un P<O.Ol &oar-gas Bank ... 
flay. Scotla 5.528 1162 P<O.OS 159.471 U51 P<O.Ol Gulf of lilt .. ys. 
Nova Scot1a 5.102 465 P<O.DS 124.460 464 hO.Ol 

£!!!ar1 sons of 'gJusted .ans 
So. New 1lIorve. Gulf of flay. 

~2t Bank IIItne Scotia Adjusted .... T.mr T.llM T.Br0 Std. error 0.0107 0.0078 0 •. 0153 0.0158 

Mtd Atlantic 
t ... tr1x and s1sn1ffcance 

So. New England -2.4567 
P<O.OS 

Georges Bank 1.9297 4.2678 
n.s. P<O.Ol 

Gulf of Mat .. 3.7088 5.3169 2.5544 
M.Ol P<O.Ol P<O.05 _ Scotia 
2.4331 4.0786 1.2238 -1.0146 
P<O.05 P<O.OI n.s. n.s. 

84 
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Table 5d.- Results of covarilftCI Inalyses. tests of adjusted means and slopes 
of I11ex length-weight regression equations beQjeen pairs of years 

____ ~.a.uons and areas combines). and simultaneous comparisons of 
-.:..jd.iusteLlD.l&ns. 

Flctor· - .. CclDp!r1son 

Overall 1975vs1976 

1975'151917 

1976v51917 

Test of aCQusted means 
Level of 
s1gn1f1-

F -Ita t1 a df cance 

7.208 

O.3~7 

1.920 

960 

2132 

2167 

P<O.01 

R.S. 

n.5. 

Test of slopes 
Level of 
51gn1f1-

F-Rat10 df cance 

0.917 

83.393 

86.398 

959 n.s. 

2111 P<O.01 

2166 P<O.01 

Canpari sons of" adjusted means for years 

Adjusted mean 
Std. error 

.!ill.. 
5.3681 
0.0113 

1m. 
5.33481 
0.01061 

illZ. 
5.34670 
0.00589 

t-matrix and significance 

1915 

1976 -2.1761 
P<0.05 

. - 1977 -1.6849 
R.S. 

P<O.01 • Sfgnificant at 1S level 
P<O.OS • Significant at 5S level 
n.s •• non-significant 

0.9759 --
n.s. 

B 5 
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,al. I. PtrooRt o •• roll .rror I. Clleuloted • ..,1 ... I~t •• er •• , eoplrleol r:::1 ... Ight. 
usIng length-welght functIons for III dotll Ind for Innoal. ".,onll, end .rl. 
dotl bl .... , . 

, . 
[011 I!!! 

NIIiib •• I NIIIJ~I'. ;' 
Art. Se.,OA Ye •• Se! s_led error s_ltd .rror 

All All All All 1709 1.18 2604 I.:: Mole. 915 3.73 1073 2. 
F_Ias 6t7 1.60 1511 ".73 

1976 All 1088 0.74 464 U7 
Mo' .. 680 3.17 237 r.Ol 
F_l .. 424 1.48 219 1.117 

1976 All 402 1.0& 4119 ..70 
Mol .. 212 2.95 185 ua 
F_l •• 178 0.62 304 I •• 

1917 All 219 1.01 1641 2.30 
Mole. 123 1.28 651 O.U 
F_I .. 95 1.34 988 2.03 

SprIng All All 170 1.23 63 2.34 
Molts 388 3.76 34 5.62 
F_l .. 299 1.41 17 3.211 

S_r All 77 0.68 974 1.00 
Mol0' 41 0.99 916 e.u 
F_l .. 3S 1.3J 566 t.24 

Aut_ All 862 1.45 1517 1.'6 
Mol .. 486 4.04 • 623 2.63 
f_l .. 363 1.60 

Hld-AUenUc All 103 1.75 702 2.07 
Mol .. 409 2.07 333 2.i4 
F.l .. 293 1.67 362 1.78 

So ...... Engll11C1 All 563 0.08 495 1.111 
Mola. 304 3.58 217 2.&3 
F_l .. 243 1.11 268 4.83 

Georg ... ank All 367 1.83 939 1.19 
Moles 164 6.60 378 1 •• 
F_le. 124 1.76 558 1.'3 

"ulf of Mol .. All 

l~t 
242 0.95 

Mol.s 17 0.95 
f_l11 165 0.73 

110.1 SeoU, All 71 226 2 •• & 
Mol •• 35 1.97 68 1.76 
F_I., 35 5.11 158 1.90 

(II P ..... t •• ro .. (Totll "1P1.IClI Nllght-totll coleollt.d welghtl/totll empl.lc.1 weIght. 
(21 SIIPI, Ilze too _11 to fit regressIon. 
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Fig. 1. Survey strata (A) and areas (B) used in length-weight regression analyses 
for squid. 

B7 



- 21 -

rlld.llr5 a 1 protuberance 

Donal view 

ILLEX SHORT-FINNED SQUID 
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Dorsal view 

Ventral view 

LOLIGO LONG-FINNED SQUID 

Fig. 2. Dorsal mantle length measurements for squid, Loligo and Illex. 
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Figure la. Distribudon of Loligo pealei. Locations of stations 
where Loligo were taken, during 1977 U.S.A. bottom trawl 

surveys, by season. 
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Figure 3b·Distribution of I11ex illecebrosus. Locations of stations where tllex were talen. during 1977 U.S.A. bottom trawl 
surveys, by season. 
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Loli~ length-weight 
relat,onships by sex: all 
areas. years and seasons. 
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Lolfgo length-wefght relation
ships by sex; each area: all 
seasons and years. 
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Figure 4c. Loligo length-weight relation
ships by sex, each year: all 
areas and seasons. 
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Figure 4<1. LoHgo length-wefght relatfon-· 
ships by sex. each season: all 

:areas and years. 
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Figure 4e. Loligo length-weight relation
ships by season; each sex; all 
areas and years. 
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Ffgure 4f. Lolfgo length-wefght relatfon
ships by area. each sex; all 
seasons and years. 
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Figure Sa. I11ex 1ength-welght relation
ships by sex: all areas, years 
and seasons. 
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Figure 5b. Illex length-weight relation
snTP:Sby sex; each area: all 
seasons and years. 
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Figure 5c. Illex length-weight relation
ships by sex, each year: all 
areas and seasons. 
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Figure Sd. Illex length-weight relation
ships by sex. each season: all 
areas and years. 
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Figure 5e. Il1ex length-weight relation
sMps by ·seasoni each SUi all 
areas and years. 
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Figure Sf. 
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111ex length-weight relation
ships by area, each sex; all 
seasons and years. 

L&IIG I'tt '011 



ILL •• LINlT~-MI'GH' 

'-1 
IlIDI .... 

.-~ 

'-1 ...... ~---:= 
n ... 

1-
~ --

i. 
~ 

!!-
II 

-
•• 

•• . . .. 
_ ICIII 

ILL'" -.S. __ ,_ 

~~- ..... lim 

--

-----
•• 
. ,t-~"~~-nr-~.=-~~~.~~~-=. 

LD5nt ICIOI 

- 37 -

Figure 5g. Illex length-wefght relation
ships by year. each sex; all 
areas and seasons. 
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