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ABSTRACT

Multivariate analysis of 14 years of scientific survey data has distinguished four

groundfish assemblage areas on the Northeast Newfoundland and Labrador Shelf. The

assemblages were characterized by an homogeneous faunal composition, and relative

abundance and persistence e ver time. From 1978 10 1986, their spatial distribution was

maintained within certa in geographical boundaries which followed bottom topography and

exhibit characteristic bollom temperature ranges. Starling in 1987 and coincident with

a decline in the commercial fisheries, there was a shift of three of the assemblages

towards the east. Further analysis revealed a decrease in biomass in all of the more

abundant species as well as in some of the less abundant. Rare species were found to

decrease earlier than dominant ones. perhaps acting as indicators of major changes taking

place across the cont inental shelf. Increasing density of certain species near the

shelf/slope break has produced groupings of fish offshore of the main banks which has

made them more vulnerable to the fishery. Possible causes for this behaviour, e.g.

varying bottom temperature and lost of stability in the main species. are investigated.

Intense exploitation of groundfi~ is the most likely explanation for the decline of fish

biomass on the Northeast Newfoundland and Labrador Shelf. less abundant species

distribution may also be affected by discard or as by-catchof the commercial species.

The homogeneous fish assemblages found could beused as the basic units to manage the

shelf in a smaller sca le basis from a biological perspective and to define highly sensitive

areas where fish lend \0 aggregate that might need to be protected.
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CHAPTER i , FiSHERIES AND FiSH ASSEMBLAGES

Depletion (Hilborn and Walters, 1992) anddecline offish stocks around theworld

(Messieh, 1989; Frechet, 1991; Ludwig et et., 1993) in the last twenty years have

pointed oul the need to know the distribution of fish at diverse scales o f study (Dalley

and Anderson, 1993). Without such information, it will be impossible to achieve a better

knowledge of the ocean's continental shelves whose ecosystems provide us with most of

the world ' s fish resources.

The continental shelves in the Northwestern Atlantic Ocean are among the most

extensive and productive areas in the world for commercia l fisheries. Historically ,

marine fish populations have been considered too vast 10 be depleted by harvesting

(Rosenberg et al., 1993) , and this was essentially so for the Newfoundl and fisheries .

The result is that national and international fleets have exerted a very strong fishing effort

on the stocks there for almost five centuries.

In 1977, with the extension of Canadian jurisdictional waters 10 two hundred

miles, Canadian fisheries biologists were faced with the very difficult task of applying

stock assessment procedures across the continental shelves. They had to manage the

fishing grounds without having much scientific information on the fish population

dynamics over a very exten sive area. The size and scale of the shelf was itself a

problem. The NAFQ divisions 2 and 3 themselves extend over 350,000 square

kilometers (Murphy and Bishop, 1993) and have a very abrupt topography and complex

physical oceanography. Survey and commercial data were taken into account to set a

total allowable catch (TAC) each year in order to maintain the stocks; studies were



carried out on a species by species basis. The techniques used were based on the

estimation of means of total abundance and associated variances (Smith, 1990) using the

standard formulae for stratified random designs te.g. Cochran, 1977). Over the years,

further improvement of the parameters used in the models produced better estimations

(Cochran and Ellner, 1992).

To achieve a basic knowledge of the spatial and temporal distribution of the

species seemed to be the first approach required to improve the existing model in order

to take further management decisions (Dickie et al., 1987). Such an approach would be

possible on the continental shelves of the Paci fic coast of the United States and Canada

where studies from a groundfish assemblage perspective have been carried out (Gabriel

and Tyler, 1980), and similar studies are underway in the Norwegian Deep [Bergstad,

1990) and on the Grand Banks of Newfoundland (Gomes, 1993). But the Northeast

Newfoundland and labrador shelf, the area of the northern cod stock, has never been

studied from thisparticular point of view and scale.

In the late 80's and beginning of the 90' s a progressive decline in the abundance

of the fish stocks through divisions 2J and 3K on the Newfoundland shelf suggested that

groundfish species distributional changes might beat work; various possibilities such as

overfishing or migration could account for the changes, but a spatial approach was

necessary to characterize the distribution patterns and their dynamics . The fishing

grounds off Northeast Newfoundland and Labrador coast are home to a number of kinds

of fish, and groundfish are the main target of the fisheries. The lack of selectivity of

some of the fishing gear used produces very dive rse tows (i.e. containing a good mixture

of species) so it seemed reasonable to approach the fisheries on a multispccies level;

obviously, knowledge of each species' ecology is necessary 100, but the two different

approaches (individual and multispecies) may complement each other (Pielou, 1974) and

together help to better understand the fisheries ecosystem.

Groundfishcommunities have been shown tobequite stable and exhibit distinctive

asse mblages that are generally aligned with the bottom topography. Rogers and Pikitch



(1992) detected six major grou ndfish assemblages off the coas ts of Oregon and

Washington based on consistencies in three types of analysis of the species weights;

Colvocoresses and Musick (1984) found consistently five groundfish species associations

on the Middle Atlantic Bight continental shelf over a c-year period; Mahon and Smith

(1989) described the distribution of the Scotian Shelf and Bay of Fundy demersal fish

assemblages and found them to be stable and persistent through eighteen surveys (twelve

in summer and three each in spring and fall) but having different outco mes at different

cluster scales; O..e rholtz and Tyle r (1985) found that the spatial integrity of each

assemblage on Georges Bank was preserved over time in spite of changes in species

richness and relative abundance; Gomes (1993) studied sixteen years of Spring surveys

on the Grand Banks of Newfoundland and found groundfish assemblages which were

pcrsistant and homogeneous. The Northeast Newfoundland shelf has never been

investigated in such a holistic manner (Atkinson. 1993)and to do so is one motive behind

this thesis.

A fisheries biogeography of the shelf should provide a spatial descri ption of

groundfish distribution and disclose areas with homogeneous species composition and

biomass that, if persistent over the years. have the potential to become the basic

management zones that are of a size that is comfortable to monitor and regulate; changes

in these areas ought to be detectable earlier than at the larger scale of the whole

continental shelf scale. Such a reas would be based on a multispccies sampling and

analysis. and therefore would consider species biomass information important regardless

of whether the species were commercia lly fished or not. Several environ mental

variables . such as bottom topography, depth. sediment type, latitude and bottom

temperature. have been reported to be related 10species area boundaries (Colvocoresses

and Musick, 1984; Mahon and Smith, 1989; Gomes et al.. 199 2); therefore. such

investigations may also disclose possible relations between the distribution patterns of

assemblages and env ironmental gradients or variability.

For this study. the Depart ment of Fisheries and Oceans (DFO) made available



fourteen yea rs of Autumn groundf ish sampling data, a number that encompasses the

ge neration time of some of the most important groundfish on the shelf; it seems therefore

plausible that species areas, if found over tha! duration of time on an annual basis, can

be assumed to be quite stable. Numerous authors fecI that the turnover time must be the

minimum value of years sampled in o rder 0 obtain acceptable values; most studies that

display stability in the fish assemblages have only been studied for 2 to 4 years without

allowing natural variability 10 appear (Rogers and Pikitch, 1992). I have adopted the

generation time as a good indicator based on Gomes' study (1993) done on the.nearby

Grand Banks area which is inhabited by quite similar species. Nevertheless, the results

obta ined from the analyses can only be indicative of the groundfish distribution relative

to the catching gear used (demersal trawl) and the season of the year when the survey

was done (Autumn) (Doubleday and Rivard, 1981; Pitt et al., 1981). This implies some

bias since the timing of the survey cruises varied slightly from year 10 year and the

environmental conditions in the area may have somewhat altered the general trends that

fish follow in the Autumn when the main commercial species, mostly Atlantic cod,

migrate offshore.

I have named the areas which I identify "fish assemblages", a term defined by

Tyler et el . ( 1982) based solely on geographic distribution and by Underwood (1986) as

a haphazard group of populations of various species that happen to be together at any

place and time without taking into account trophic relationships. Among the species of

an assemblage there may be, of course, important and complex interactions that are

worthwhile studying. Therefore, the next appropriate step would be to try to find

possible relationships among th~ components of the assemblage (Underwood. 1986) to

see if they represent a true biological community. At first I had hoped to be able to

address this matter but several circumstances kept me from achieving this co mplex task:

firstly, the lack of time to finish it within ~ite limits of a Master's thesis; secondly, the

results obtained by Gomes et al, (1992) which showed a high degree of uncertainty in

the r -ttcomes of trophic interactions, and, finally the finding that the shelf ecosystem is



extremely complex in this area and that there are insufficient data to come to any fully

conclusive resu lts (Shelton et al. 1993. 1993).

In spite of the above hindrances, I have been able to address most of my original

hypotheses using a multispecies approach. I have found that there are four groundfish

assemblages whose species composition and abundance remain fairly constant. These

have been described . They are present persistently over the fourteen years of study and

they seem to be well-aligned to the bottom topography. During the first 9 years of the

dataset , the grc undfish assemblages described kept within fairly narrow geographical

boundaries, bu t thcy seem to have undergone major changes during the last five years.

This period, of course. was the one during which the fishery based on the Northern cod

collapsed. Thu s the study afforded an oppon unity not only 10 describe and characterise

the fish assemblages of a very large and important region of Canada's Atlantic

continental she lf, but also to investigate the spatial and temporal dynamics of fish

assemblages during the period of a major fishery collapse.



CHAPTER 2. MULTISPECIES DATA AND METIJODS

2.1 GreundrishData

The Canadian Federal Department of Fisheries and Oceans has been conducting

Autumn groundfish surveys off Newfoundland and Labrador since 1977. The zone

covered corresponds to sub-areas 2 and 3 of the Northwest Atlantic Fisheries

Organization (NAFO) and specifically 10divisions 2J and 3K (since 1978) and 3L (since

1981). Thedata used in this study were collectedfrom 1978to 1991during the Autumn,

mainly late Octobe r to early December. in the 2 divisions (2J3K) that correspond to the

areas known as the Northeast Newfoundland and Labrador shelf (Fig. I).

The research vessel R.V.GADUSAn.6,NTICA conducted the surveys during the

entire 14 years; a stratified random method was used o n groundfish sampling surveys

with stratification by latitude, longitude and depth in the range from 100to 1,000 metres.

Sampling stations were allocated to strata according to area with all strata containing at

least 2 stations. Tows were usually of 30 minutes duration at 2.5 knots with a 29-mm

mesh liner used in the codend of the trawl (Atkinson, 1993). Surface temperature,

bottom temperature at the end of the tow and depth of the tow (mean and maximum)

were also recorded .

For each yea r, a two-way data matrix was constructed consisting of an entry OJ)

that represents the catch in weight of species j at stat ion i. Species were included

initially in the analysis only if their biomass comprised at least 0.05 % of the total catch

in that year's Autumn survey.

Screening o f the complete species list was necessary for several reasons. Some



Figure 2·1 , Chart of the Northeast Newfoundlandand Labrador Shelf. with place names
used in the text indicated , Note also NAFO Divisions 2J, 3K and 3L.

identifications were incomplete. being only done to family or genus level. Also, a

number of species taken inadvertently in the demersal trawls were pelagic, The refore,

some other rules for inclusion were also established , Species were excluded if :



I) the data only included identification to family and with insufficient basis

for species identification.

2) they were pelagic species, except for capelin (MallofUs villosus) and

Arctic cod (Boreogadus saida) which play an important role in demersal

food webs.

3) they were very large species such as Greenland shark (Somniosus

microcephalus) or Basking shark(Cetorhinus maxi/lllls) which appeared

very rarely in trawls but could greatly bias the analysis because of their

immense weight.

4) their total biomass anQ abundance were tess than 0.05% of the total fish

caught in that assemblage.

5) they were absent more than 5 yeal'S out of the 14 sampled, except for

species whose abundance w: biomass was less than 0.05%, in which case

the species should appear in more than 2 contiguous years.

After applying theabove rules , a total of 35 species (Table 1) remained to be used

in the final analyses; the number of species ranged between 28 and 35 per survey, with

29 of them (Table 2) almost always present.

Following identification of the assemblages, a funher revision was done by

assemblage and year 10 try to identify which species were most representative of the

catch in each assemblage. Summaries of the basic species data finally used- by species,

year, and assemblage - are found in Appendix I.



TABLE 1: List of species used in the analysis of groundfishsurveys.

Common na me

Alligatorfish, Northern
Capelin
Cod, Arctic
Cod, Atlantic
Cod, Greenland
Dogfish, Black
Eel, Longnose
Eclpout, Arctic
Belpou., Esmarck's
Eelpout, Vahl's
Grenadier, Roughhead
Grenadier, Roughnose
Grenadier, Roundnose
Flounder, Witch
Hake, Blue
Halibut, Atlantic
Halibut, Greenland
Lumpfish, Common
Lumpfish, Spiny
Marlin Spike,Common
Plaice, American
Redfish, Deep Water
Redfish, Golden
Sea Raven
Sculpin, Arctic Deepsea
Sculpin, Arctic Hookear
Sculpin, Moustache
Sculpin, Shorthorn
Skate, Smooth
Skate, Spinytail
Skate, Thorny
Tapirflsh, Large Scale
Wolflish, Broadhead
wotfflsh, Spotted
Wolffish, Striped

Scjentlnc n ame

Agonusdecagonus
Mallofll5 vitlmus
Boreogadus saida
Gadus morhua
Gaaus ogac
Cenrroscylliumfabricii
Synaphohranc1ms kaupi
Lycodes rericutatus
Lycodes esmani
cycodes vahlii
Macrourus berg/ax
Tractttrhincus murrayl
Coryphaenoides rupesms
GIYPlOcephalm cynogloJ.TlIs
Antimora rostrate
Hl pp oglouus hlppog losSllS
Reinhordtius hippoglossfJides
Cycfopterus IlimplIs
Eumicrotremus spinosus
Nezumiabairdii
Hippoglossoides plalessoides
sebanes meruelia
Sebasiesmarines
Hemitti pteru s omericame
Commculusmtoops
Attediellus unclnatus
Triglopsmurray!
Myoxou phalllJ scorpius
Raja setua
Raja spmicauaa
Raja radiata
Notacanmus chemnitzil
Anarhicnasdenticulotus
Anarhkhas minor
Anarntcnas lupus
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TABLE 2: Species listed in Table I, withthe numberof timesthat the species appeared
during the yearsunder studyandthe yearswhen thespecies was absent indicated.

Not present inNumber oryearsScientific n ame --'-_ _ -'- "'- _

Agonusdecagonus
Anarhlchas denticulatus
Anarhichas minor
Anarhlchas lupus
Antimora rOSfrafa
Artedieitusuncinatus
Boreegadus soldo
CentroscylliumjabriclJ
Coryphaenoides rupestrts
Cottunculusmicrops
Cycfoprerus lumpus
Sumicrotremus spinosus
Gadus mornua
Gadus ague
GIYPlocephalus cmogtossvs
Hemtmpterus amencanus
Hippog/o.uoit/es platessatdes
Hippog/ossus hippoglossl/s
t-ycoaesesmarki
Lycodesreticuloms
Lycodes vahttt
woc rounu berg/ax
MallOllls vi/foslIs
Myoxocfp"alu.~ scarp tus
Nezumia baird!
No/aeal/thus cllellln/tzii
Raja radtata
Rajasenta
Raj a spinicQuda
Reinhardrius hip[Joglossoides
sebastes marinas
Sebastes men/ella
Synapllobranchlls kaup i
Trachyrllynchus murrayi
Trfglopsmurrayf

14
14
14
14
13
11
14
13
13
12
14
14
14
10
14
6
14
13
10
14
14
14
13
10
14
12
14
14
14
14
14
14
12
6
13

7'
81,82,83

7'
7B
81.'3

86,88,90,91

78-81,'3 -85,90

9D
82,83,85,86

78
80.B1 ,85,87

78,81

78,81
78·82 ,84,85 ,89

86
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1.2 Methods

For every Autumnsurv ey there was a lo g-transformation of litera w catch data

of speciesj at station ; to avoid having the most abundant species dominate the results

of the multiv ariateana lysis. Previous experienc e wi1h g roundfish data (Gauch. 1982;

Gomes, 1987) indicated that the logarithmic transformatio n In(1+ x) did not change the

outcomesigni ficantly as compared10 the rawdat a analysis.

Ordinat ion was used to repre sent catch and species re lationships in a low­

dimensional space(Gauc h and w hittaker. 1981) and hierarchical cl assificat ion was used

to place catches into groups (Piclou, 1984) . There are 2 types of hierarch ical

classification: Agg/flmt' rtl li l'(, classification begins withindividual haulsand progressively

combines them , and D i v;.!il'!' c lassification begin s with all thehau ls and p rogressively

divides them. Ecologists havedefended the practical and theoretical advantages of using

polytheticdiv islve methodsas o pposed to agglomerativeo nes (Boesch, 1977 ; Gauch and

Whittaker, 198 1; Gauch, (982). The later have theoretical adva ntages in that all the

available info rmation is used to make the critical topmost divis ions, resulting in a

classification thai is less sensitive to influence by the random "no ise" commonly fou nd

in ecological samples (Lambert et al., 1973cited in Gomes , 1993) .

Hiller a1.(1975) proposed a po lythetlcdi visive method based on an ordinat ion

techniqueunder the nam e of "indicator speciesanalysts". T hismethodhas been refi ned

and computeri zed by Hill (1979 ) as TWINSPAN; the software is designed to construct

two-wayordered tables and the method of doing so is by identifica tionof differen tial

species. Adifferential speciesis defined asonew ith clear ecological preferences,so that

itspresence ca n beused to identify particular env ironmental conditions.

The aim orTWINSPAN analysis is 10thro w the salient featu res of the data int o

sharp relief, by grooping like species wit h like, and likesa mples wit h like. Stations a re

classified first and the species are cla ssified second acco rding to their ecological

preferences, using the classifica tion of the statio ns as a basis. Th e basic stepso f a

TIVINSPANanalysisar e:
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1.-Classify the stations in a divisive hierarchy, div iding them first into 2 sub sets, then

4, 8, 16, etc.

2.- Convert the stationclassification into an ordering or a rank.

3,- Using the groups of stations as a bas is, construct attributes for the species, i.e."

preferential 10 the rightside of the major div ision". "preferential the left side of

the seco nd division", etc. .

4.- Cla ssify the species in the same way as the stations, bu t with the difference th at

whereas the spec ies were treated as attribu tes of the stations, tile species have

attributes of the kind indicatedabove in step 3.

5.- Convert the species classification into an ordering or a rank.

6.- Print out the resulting ordered two-way table, with stations as co lumns and species

as rows.

The basic activity o f TWINSPANis tomake a dicho to my. The progra m divides

up the stations into groups by repeated dichotomization, and does the same for the

species . TWINSPAN makes its dichotomies in a manner broadly simila r to that

described byMueller-Dcm boisand Ellenberg(1974). They recommendeddiv iding the

species into three catego ries, preferential to the left , preferential to the right and those

that are indifferent. Mainly because it can be ar gued that dichoto mies do not arise

naturally, these categories are nearly as arbitrar y as divi ding the species in two

(preferential to the left and to the right as in TWI NSPAN) , since indiffe rence and

preferemiatity ar e a matt er of degree. The stages of creating a dichot omy in

TWINSPANare as follow s:

1.- Identify a direction of variation in the data by ordinating the samples. This is

referred to as ' pri mary" ordination and is made by the method of reciprocal

averaging (Hill, 1973).

2.- Divide theordi nation at its middle to get a crude dichoto my of the samples.
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3.- Ide ntify differential species that are p referenrialto one side or the other of the crude

<lichotomy.

4.- Construct a n improved ordination, referred to as a "refined" ordi nation, using Ihe

differentia! species as a basis.

S.-Divide the relinedord ination at an appropriate point to derive the desired dichotomy.

6.- Construct a simplified ordination, the "indica tor" ordina tion, based on a few of the

mosthighly preferential species, and see whether the dichotomysuggestedby the

refined ordination canbe reproduced by a division of the indicator ordination.

Withthe exception ofborderlinecases, the refinedordination is used todetermine

the dichotomy. TWINSPAN introduces also the term "pseudospectes" in order to

account for different "le ve ls" of abundance or biomass in the samples .

The idea of the d i fferentia l species mentioned in stagc 3 is essentia lly qualitative,

but to be effective withquantita tiv e data it must be replaced by a quantitative equivalent.

This eq uivalent is calleda "pseud ospecies" (Hillet al., 1975; Hill, 1977), The essential

idea is that much of the q uantitat ive infor mation can be retained by expressing it on a

relativel y crude scale suc h as the Btaun-Blanquet scale of cover-a bundance (Mueller­

Dombots and Ellenberg, 1974; W esthoff a nd Maarel. 1973). The levels of abundance

usedin TWINSP ANto define Ihe crude scale are here termed "pseuoospecles cut levels".

In this study I examined fish catches and therefore a biomass scale was

construc ted. In order to introduce the values into TWINSPAN , six pseudospecies cut

levels we re used based o n a biomass scale covering the available data (Table 3), The

values of thecut levels (0 ,5 , 5, 25, 125, 625 and 12(0 ) were converted into logarithms

(by 10(1 +x» to be comparable wit h the co ntents of the data in the input matrix.

The number of pse udospecies cut levels sho uld represent a compro mise between

the a prioriobtainable information from the data an d the ava ilability of computer space

and time sinceeach pseudospecles is stored separately in the compute r. The method of

pseacospe cles allows qua ntitative values to be used as di fferential "species' and as
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indicators. Thus, we will not have Atlantic Cod (Gadus morhua) as a differential

species, having insteadCool if the biomass is higher than 0.5 kg), COO2 if it is greater

than 5 too, Cod3if is greater than25 and soon as differential species.

Table 3: Biomassscale withcut levels used in TWINSPAN in this study.

BIOMASS RANGE (KG) CUT LEVEL

0.5 ·5.0 0.40

5.0 -25 .0 1.79

25.0· 125.0 3.26

125.0·625.0 4.84

625.0 - 1200.0 6.44

> 1200.0 7 .09

Asan example. following thescale shownin Table 3. imagine that station 1 has

a catch of SOO kg of cod (Gadusnmrhuo)whereasin station 2 only 100kg of codwere

taken. Thesevaluesdiffer by a factorof 5 butwith an application of thecut levels used

in this analysis. the following pseudospecies will bepresent in the stations:

STATlON I (500 kg): Codt (0.40) , COO2 (1.79), Cod3 (3.26) and Cod4 (4.84) showing

therefore 4 pseudospecies within the single species cod,

STATION 2 (100 kg): Cool (0,40), Cod2 (1.19) and Cod3 (3.26) having 3

pseudospecteswhich in fact are in commonwith the 3 present in station I,

In spite of the difference in weight (5 to I) , the stations are registered by TWINSPAN

ashaving more in common(han they do by way of difference,
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The final results of TWINSPAN are disp layed in a two-way table that fulfil s

requirements o f non-exc lusivity. An ubiq uitous species can therefo re be associated wit h

more than one grouping of stations by simple visual inspection . Cluster analysis

(CLUSTAN: Bray-Curti s index , Group Average method) was also used fo r tile years

1978, 1979 and 1980; examination o f the TWIN SPAN two-wa y tables allowed the

recog nition of biological features of eac h of the main station grou ps first identified by

this cl uster ana lysis. Such featu res included not only the d ifferentia l species (t.e. speci es

having clear pre ference for a given cluste r) but al so the presence o r absence of a very

widesp read species in a cluster, or ano malies in d uste r richness (numbe r of species

prese nt). These charac teristics a re used to classify stations laid off the mai n clusters or

10 rati fy Ihe cl assification of th o se ambiguous sta tions usually located on g eographical

bounda ries of the areas occupied by the mai n station group s. The usc of TWINSPAN

allowed the de rivation of more in formati o n from the data than did th e cluste r analys is,

and for data from 198 1 onwa rds TWI N SPAN was used to alloc a te stat io ns to fi sh

assemb lages.

Once the two-w ay (able p rod uced by TWINSP AN fo r each year was analyzed in

detail , stations were assigned to the asse mblages of species sho w n by the results .

Geogra phical con tinuity was chec ked and th e data were mapped using SIGMA PLOT and

SPANS (GIS).
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CHAPfER 3. CHARACTERISATION OF FISH ASSEMBLAGES

3.1 R l'Su\ls of the Mnll bpecies Analyses

The TW INSPAN analysis of the fa-yea r series of biomass survey data ,

comprising in all 3,520 trawl sta tions, ide ntified 4 different assemb lages (Deep , North ,

Main and Coastal) that appeared 10 recur regularly in the area (Table 4). Each

assemblage was characterized by its own species composition and abundances;

nonetheless, a number of ubiquilous species appeared in several of the assemblage

descrip lions [fable 5).

It was necessary to disting uish two different periods over the time cou rse of the

investigation. During the first 9 years (from 197 8 to 1986), the assemblages end 10

occupy thesamegeographicarea withslight dirrerences among the years so (hal l mean

situatio n could be identifi ed (see F ig. 4-1) . Starting in 1987 andcontinuing un til the last

year in thedata series (1991), the geographic posiricn of theassemblages changed

drastically and it was not possible to describe any meanspatial distribution for lhemany

more. The areas occupied byone assemblage had been "invaded" by another assemblage

which had extended beyond its mean distribu tion as foond in thefirst period (1978-86);

other assemblage s had " shrunk" in respect to the spatial area they occupy, and, in

particular zones, certain assemblages ha d even lost some of thei r main component

species .

With respectto the catchpe r unite ffort(CPUE), the mostproductive assemblage

was the Deepo ne with a meanCPUE for all thespeciesof 330 kg/tow (s.e. 45) showi ng

its maximum in 1981 wit h 67B kg/ towand minimum in 1989 with 115 kg/to w; theleast
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p roduc tive was the Coasta l one with a mean of96 kg / low (s .e. 15) ex hibiting 2 19 kg/tow

in 1978 and 4 kg/ low in 1991 as its highe st and lo west va lues. T he Main and North

Assem b lages had in termediate CPUEs of 281 kg/tow (5.c.26) and 265 kg/tow ts.e. 34)

with mou ima of 5 71 kg/tow in 1983 and 439 kg/tow in 1986 and minima of 180 kg/tow

and 19 k g/ tow, re spectivel y (Fig. 3·1).

T ABLE 4: Number of stations by assemblage and year for the period of study, 1978­
1991; in brackets percentage of sta tions ass igned to each assemblage within each year.
Last TOW shows the total number of stations by assemblage fOTthe en tire 14 yea rs.

ASSEMBLAGE. " EAR DEEP NORTH MAIN COA STAL

1978 7 (5 . 6) 42(33.6) 67(53.6) 9(7 .2)

1979 34(1 6 . 1) 54(25.6) 119(56.4) 4(l ,9)

1980 42(17.6 ) 66(21.6) 111(46.4) 20(8.4)

1981 42(18.8) 65(29.0) 95( 42.4) 22(9.8)

1982 55(18 .2) 74(24.4) 134 (44.2) 40(13.2)

1983 30( 11. 7 ) 84(32.8 ) 117(45.7) 25(9.8)

1984 36(13 .7 ) 4 1(15.6 ) 134(51.! ) 51 (19 .5)

1985 50(15 .3) 79(24.2 ) 13 1(40.2) 66(20.3)

1986 21 (9.8) 55(25.6) 95(44 .2) 44(20.4)

1987 26 (9. 0 ) 72(25.0 ) 115(39.9) 75(26. 1)

1988 21 (8.8) 73(30.6) 83( 34.7) 62(25 .9)

1989 14 (5 . 1) 61(22.1) 118(42.7) 83(30. 1)

1990 20 (8 .2) 33([3.6) 84(34 .6) 106 (43.6)

1991 24 (7. 7) 50(16.0) 108(34 .5) 13 1(4 1.8)

T OTAL # 422 849 1,511 738
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TABLE 5: List of species that define each assemblage according to presence and catch
per unit effo rt.

ASSEMBLAGE DEEP NORTH MAIN COASTAL

CPUE(kgltow)

DeepWlllu Alll\ntic Cod Alll1nl i~ Cod
Redfish

> 100 Dee pwater Rcd fi ~h --
Greenland AmericanP lllice Gr eenland Hali hu! Ath'nlicCod
Hlllihul

Brcm1head G", enhllld

Round"'>$<! Wnlffi~~ Halihul
10 -100 Grena dier

Or""nl11llll Ame,; c.. "
BlOlIdh".d H..lill u! Plaic"
Wol ffi~h

Roullhhelld Spotted Golden aedfi .1t ThornySbte.
Gr" n"di" r Wnlm~h

AmericllnPl llice
Black DogfiAA SlripcdWol ftio<h

Wi:chFloonder
1 ·10 ThnTn)'Skll1e

Br""d hclld
RC>Uj:hhelld WoW;. h

Grellad i" r

Blue Hak" Wilch F loundcr Slrip"dWolffi .h Arclic Cod.

A!'elic Cod Arclic Eelpullt Witch
Marlin Spike Flounder

Sl"'ue dWolffh h
<1 Arctie Eelrnll!

ArclicCod

Ther e seemed 10 be a good correspondence between the distribution of the

assemblages and the bottom topography of the area. The NE Newfoundland and

Labrador shelves (NAFO ntvistons 2J and 3K) are very profuse in banks (Harr ison,
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800~-------------~

79 80 81 82 83 84 85 86 87 88 89 90 91

YEAR

1-DEEP ... MAIN _ .NORTH -+- COASTAL I
Figure 3·1. Catch-per-unit effort (kg/tow, all species) for each of the four assemb lage

areas by year.

Hamilton, Belle Isle, Funk Island) , saddles (Cartwr ight, Hawke), basins (e.g. 51.

Anthony) and deeps (e.g Funk Island ). This co rrespondence ag rees with the literature

on fish assemb lages mentioned in Chapter 1. and see ms to he a common finding in all

stud ies done on the mailer.
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3. 1.1 DEE P ASSEMB LAGE

3. 1.1.1 Desc rjptton and Emoironrne nta l conditions

As the nameindicates, stations that belonged to this assemblage were situated in

the deeper areas of the Northeast Newfoundland and Labrador shelves (Fig , 3-2) . The

assemblage occup ied an elongated area in

both NAFO Divisions 2Jand 3K loca ted .. = ,--- -r-c-t

along the sh elf-slope break at latitudes

ranging from 55°30'N to 49 °30'N and

longitudes from 55 °30 'W to 50oW. The ~

Deep Assemblage was the only one that

maintained its spatial distribu tion during

the entire 14 years of study, and also

showed certain stability and little variation 51

in the environmental variables studied .

The number of stations assigned to

the Deep Assemblage ranged from 7 in q .I-::=~2:;l2;:::;:::;::~:0::::1

1978 to 55 in 1982 with a mean of 30
Figure 3-2, Composi te of all stations

(SO=13) stations per year. From 1978 assigned to the Deep Assemblage, 1978.

unti11982 there was an increasi ng number 199 1

of stations surveyed that showed

characteristics of the Deep Assemblage , but from 1982 to 1989 the number decreased

drama tically only increasing slightly to 24 stations in the assemb lage in 1991. The mean

depth fluctuated between 688±39 metres (SE) in 1991 and 349±17 m in 1978; i3 34

min 1979 was the deepest station surveyed during the 14 years and 231 min .t C}g2 was

the shallowest. The greatest range in anyone year was in 1979 with stations at depths

between 1334 and 233 rn.

The mean bouorn temperatures were the warmest values of all the assemblages

with temperature means from 4.18± O.29°C (SO) in 1983 10 2.66±1.21 °C in 1979,
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reflecting the quilt: stable bottom temperature in this area. The wannest individual

station was found in 1991 (S. J0q and the colder ones showed a temperature of O·C in

differentyears. In 1983. 1988and 1989the mean bottomtemperaturewaswarmer than

average, and 1980 and 1984were colder years.

Mean surface temperature in the area of the Deep Ane mblage was calculated

even though it probably should not beconsidered vcry irnponant as regards groundfish

analys is. Values ranged from 2.97±1.24°C (SO) in 1980 10O·C (50=0) in 1991 wit h

the warmest individual station surveyed in 1979 a.o°C) and the coldest in 1984

(. 1.2°C). The years 1978, 1984 and 1989 exhibited coole r than average temperatures

whereas 1979. 1980 and 1988 were warmer.

3.1.1.2 Biomass and Species Composition

The catch per unit effort of this assemblageexhibited a decreasing (rend from

1978 to 1991. In certain years, the CPUE appeared 10 increase but this was due to

seoastesspecies (mainlySt'bostt'smt'n1~lIa) which were occasionallytaken in enormous

quantities (order of 11 IOns) in some tows es~ially in 1983, 1986 and 1988.

Excludingthese unusual redfish lows. CPUE in the Deep Assemblage had a declineof

500 kg/tow in J4 years varying between610 kg/tow in 1978 and 110 kg/tow in 1991

with a meanof 3?oO±46 kg/tow (SE). This assemblageexhibiteda biggerdecreasethan

the others. but this could be due 10 the high natural variation in the catchability that

characterisedthe deepwater redflsh (S~b(IJr~s 1Ilt'n1t'lIa), a dominantspecies. The mean

CPUE of the whole assemblageshowedno significantdifferenceamong years, with the

exception of the strong redfish year 1981; when the unusual tows of redfish were

removed, any difference disappeared.

Deepwater redf lsh (St'hasfes memetknwas the most abundant species withCPUE

values greater than 100 kg per tow. Greenland halibut (Reinhardfills hippoglossoid~s)

was the next most abundant species with CPUEs that were between 20 kg per tow in

1989 and 100 kg per tow in 1986. when it comprised 25% of the total catch in the
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Dominant species- Deep Assemblage
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• DEEPWATER REDFISH !IilGREENLAND HAUBUT

• BROADHEADWOLFFISH mJ ROUNDNOSE GRENADIER

Figure 3-3. Survey catch rates f OT dominant (an d commerc ial) groups in the Deep
Assemblage.

assemblage (Fig. J. 3).

Broadhead wolflish (AnarhichQJdrnricu!oftlJ) was a very important speciesin the

Deep Assemblage 100, showing a CPUE between 10 and 40 kg per tow; it was most

abundant in 1918 and 1980. AI about the same level of abundance and charac teristic of

this assemblage in considerable amounts was the roundnosegrenadier(Coryphaenoides

rupesrris), with CPUE ranging (rom 20 to 70 kg per lOW (Fig . 3·3) .

Roughhead grenadier (Macrourus berg/ax) and black dogfish (Cemroscyllium

labricll) were an order of magnitude lessabundant in the Deep Assemblage withCPUEs

ranging from 4 10 15 kg per tow (Fig, 3-4) Blue hake (Amimora rosrom; and marlin

spike (Nezumia bairdill were always present in this assemblage but in very small
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Less abundant speciea- Deep Assemblage

12~--------------,

10
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• BLACKDOGFISH ffij BLUEHAKEIII MARLIN SPIKE

Fig ure 3·4. Survey catch rates for less abundant (and non-commerctalj groups in the
Deep Assemblage.

quantities, i.e. less than I kg per tow during all [4 years.

3. 1.2 NORlll ASSE MBLAGE

3.1.2.1 Descr iption and Environmental condillons

The North Assemblage occupies mainly NAFO Division2J but in some years

extends southward in to 3K (Fig . 3-5) . It comprises a narrow area north of the Main

Assemblage and lathe east of the Coastal Assemblage. From 197810 1987 it lies within

the latitudes from 50 0 45'N 10 55 "30'N and longitudes be tween 57 °30'W 1053 oW; after

1987. the assemblage shifted slightly towards the north and east to latitudes between

51"IO'N and 55"30'N in 1987,1988 and 1989 but between 53°15' N and 55°30'N in
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1m and 1991 and longitudesbetween

S6°12' W and Sr2$'w in all these five

years.

A meanof 60 (50= IS) stations 501

per year were found 10 fall within this

assemblage. The lowest number of

stationsin anyone year was 33 (in 1990) iii

and the highesl was 84 (in 1983). In

general, the North Assemblage includes

an increasing number of stations from
,.. '



Dominant speclea- North Assemblage

500~-------------~

;t400~ . .. . . .... .. . . . ... .. . . . .. .•. . • : . . . . . . .. .. . . I

~300
.><

82 83 84 85 86 87 88 89 90 91

YEAR

.WOLFFISH

IIAMERICANPLAICE
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f igure 3·6. Survey catch rates for dominant (and commercial) groups in the North
Assemblage.

the surface temperature, The warmest years were 1979, 1980, 1982 and 1985whereas

the coolest were 1978. 1984 and 1991.

3.1.2.2 Biomass and Species eompcsltlon

The CPUE in the North Assemblage ranged from 438.6 kgrtow in 1986to 18.58

kgflow in 1991. A massive decline was detected in 1990 and 1991 when less than 50

kg/tow were taken as compared wi th the mean overall of 265±34 kg/tow (SE). The

catch was 400 kg/lOW in 1978, decreased to 250 kg/tow in 1981, and then increased

progressively until 1986 where 438.6 kg/tow were taken. From 1986 onwards, thecatch

per unit effort decreased sharply showinga CPUE of only 18.58 kg/tow in 1991.
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Atlanticcod(Gadusmorhuo) is one ofthe principalspecies within this assemblage

until 1989 (a mean of about 150 kg/low). From 1989the CPUE for this speciesshows

a declining trend to arrive at nearly 0 kgrtow in 1990and 1991 (Fig. 3~6). It comprises

a high percentage of the total in the catches for the North Assemblage (around 50%

before1989 and30% thereafter).

Greenland halibut (Rtlnhardtius hippoglossoides) showed a CPUE of about 40

kg/tow until 1988, with the exception of 1984 when a mean of 110 kg/tow was taken.

Fro m 1988 onwards a sharp decrease was found with values of less than 10 kg/tow in

1990 and 1991. Nevertheless the percentagein each year' s catch of Greenland halibut

within the Nonh Assemblage remained mostly around 20%. American plaice

(HippogfossoiJts platessoldes)was anotherof the important speciesin this assemblage.

It showedvalues of CPUE around60 kg/towuntil 19:i4 but thesedecreasedto 2 kg/tow

in 1991. However, as with the Greenland halibut, the percentage comprised by plaice

over the years remainedvery stable around 15 %.

Deepwater redfish (S('ho.lfe.~ memello) was another North Assemblage species

that showeda decreasingtrend in the catch, especially from 1988 onwards. But. as was

mentioned above. redtish appeared very erraticallyand. though 60 kg/lOW were caught

in 1978, the general trend showeda mean of 10 kg/tow until 1987 and redfish were

nearly completely absent from \988 until 1991. Broadhead wolffish (Anorhichas

denriculatus) showedthe same as the other species that predominated in this assemblage

• a declining trend from 1984onwards (Fig. 3·7) but again with the percentage within

the totalcatch every year quite constant around about 8%. CPUE for this large wolffish

species was around 25 kg/tow until 1984 and about 8 kg/tow from 1985 from then on

until the last year of the study when only 2 kg/tow were caught.

Spottedwolffish(Anorhicho.rminor)and stripedwolflish (Anorhichos lupus)were

speciesthat appear in the Nonh Assemblagebut in lower percentages, about 3% of the

total catch for the year; in 1991. a slight increase was noticeable in both species,

amounting 10 5% and 10%respectively of the total biomass caught. Thorny skate tRoia
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Less abundant species - North Assemblage
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Figure 3-7 . Survey ca tch rates (or less abundant (and non-co mmercia l) groups in the
North Assemblage.

radiara) and roughhead grenadier (Macm /lms berg/ax) are North Assemblagespecies

with a CPUE of about 3 kg/ low. Arctic eefpout (Lycooes reticukuusi, witch flounder

(Glyp'ocephoJu.~cynoRlo.u/l.f) and Arcticcod (BnreogaJussaidu ) represented onlyaround

I kg/lOW of the total catch of the assemblage each year.

3.1 .3 M AIN ASSEMBLAGE

3.1.3.1 Description and Environmental conditions

The Main Assemblage was the principal assemblage in respect to the extent of

area occu pied and the number of stations sampled each year (F ig. 3-8) . From 1978 to

1986, the assemblage was located at latitudes between 53°30'N and 49°30'N and
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longitudes from 54ow to 50030'W.

Beginning in 1987 end continuing

thereafter its extent shrank to occupy 55

longitudes only between 53°24'W and

SooW. At the same lime. there began to

appear areas within this assemblage that 53

had characteristics of the Coastal

Assemblage (see below). These "holes"

were localized at longitudes from 5 1" to

53"W and latitudes between 52" and so

52°30' N, 50°30' and 51030'N and

49"30' and SooN. The result was that

the Main Assemblage came to cover a

smaller area, :~~~:e1-~~ theC:~S~S:~b~~C,S~~~~~
There was a mean of t08 1991.

(50=20) stations per year within the

MainAssemblage, with the minimum of 67 stationsoccurring in 1978 and a maximum

of 134inboth 1982and 1984. Theshallowest mean depthof the stations thatbelong 10

the Main Assemblage was 287 m in 1978 and the deepest was 382 metres in 1990 For

individual stations, the shallowest was in 1978 (191 m) and the deepest sampled was 863

m in 1990. The greatest dep th range was in 1990 (222-863m. 84 stations) and the least

was found in 1978 (202-400m, 67 stations).

The mean bottom temperature ranged from 1.75°C in 1985 to 3.11 °C in 1980,

with the greatest scope in 1983 (0.9-5.8°C) . There was a general decrease in mean

bottom temperature from 1978 to 1985 from 3. 1°C to 1.75 °C and then a gradual

increase 10 3.09 "C in 1991. Mean surface temperature ranged from O°C in 1991 10

3.11 "C in 1980, with a slightly increasing trend from 1978 (2. 19°C) to 1980 (3.11°C) .

From 1980 on there was a general decrease with some ups and downs to end up at O°C
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in 1991 due to the freezing conditions. The highest surface temperature ranges were

found in 1979. 1980 and 19S2 with ranges of 7.4, 7.0 and 6.0·C respectively; for

individual stations. 7.rc ( 980) was the wannest encountered in this area in all yean

while ·l.O·C was the coldest and recorded in 1979.

3.1.3.1 Biomass a nd Spedes Com position

The Main Assemblage. by its characteristic speciescomposition as well 35 by its

meandepth of the stations. resembled very much the NES Deep Assemblagedescribed

by Gomes (1993)for theGrandBanksof Newfoundland. This appreciation wasobvious

because the Main Assemblage could be described as a prolongation to the north of

Gomes' assemblage (fishdo not knowabout the NAFO areas!) withslight differences in

the relative abundance of certain species. The Main Assemblage was limitedto the east

by the Deep Assemblage whose border seemed to mark the approximate limits of

distribution of Atlantic cod , American plaice and witch Rounder. Deepwater redfish

increased in relative importance when moving from the Main to the Deep Assemblage

to the east . TheMain Assemblagewas limited bythe N orth Assemblage to thenorth and

nonhwest and by the Coastal Assemblage to the west.

Atlantic cod was the most abundant species in the Main Assemblage (Fig. 3-9)

with a mean CPUE of 140 kg/tow over all years. There seemed to be a general

decreasing trend from 1978 (100 kg/tow) to 1988 (50 kg/tow)but in 1986 there is some

recovery (l 70 kg/towlthat continues in 1989. 1990 and 1991 0 60 kg/tow). AI the

beginningof the study series. this species represented about 35 % in weight of the total

catch but by the last years it had become most of the catch (78% in 1991). This fact

probably resultedfrom thedisappearanceof manyless abundant species, especially from

certain areas as was mentioned earlier (sec. 3. 1).

Deepwater redfish in the Main Assemblage exhibiteda very high CPUEbetween

1978 and 1981 with a mean of about 425 kg/tow. The value dropped to 125 kg/tow

between 1982 and 1988 and ended up at only 10 kg/tow from 1989 to 1991. Deepwater
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