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Abstract

A comprehensive broad-scale survey of temperature, plankton, and nekton of the marine pelagic environment
was carried out for the fifth consecutive year during late summer 1998. The study area covers inshore and
offshore waters from southern Labrador to the southern Grand Banks (NAFO Divisions 2J3KLNO). Spatial
and/or annual (1994-98) effects accounted for significant variation in all variables examined. Area differences
were larger and generally associated with latitudinal or inshore/offshore clines. Mean surface temperatures
during the 1998 survey ranked in the middle of the 5 years behind 1994 and 1996, but warmer than 1997 and
1995. There was a large body of relatively warm water on the Grand Bank in 1998 with cooler water to the
south. In 1998 biomass of the smallest zooplankton size fraction ranked second behind that of 1997 and was
significantly higher than 1996, 1995 and 1994. The mid size fraction ranked highest and was not significantly
greater than any year, except 1994. The largest size fraction ranked second last but was significantly less than
any other year. In 1998 capelin larvae were more widely distributed than any other year, extending as far
north as sampling occurred on the Labrador coast and also on the Southeast Shoal. Capelin and sand lance
dominated total nekton. Mean catch rate of Arctic cod, which decreased the previous 3 years in succession,
ranked third in 1998 following diel adjustments. Mean total nekton biomass (including jellyfish) was
significantly higher than any other year in 1998. After adjusting for daynight difference capelin (mostly age 1-
2) catch rate in 1998 ranked lowest and was significantly lower than all years except 1995. The mean catch
rate of pelagic 0-group Atlantic cod was also the highest since 1994 as a result of relatively high catch rates on
the Grand Bank and not the more northern areas. Six species groups that occurred mainly on the Northeast
Newfoundland Shelf were all less abundant than they were in 1997, whereas species that occur mainly on the
Grand Banks tended to be more abundant in 1998.

Résumé

Un relevé détaillé a grande échelle de la température, du plancton et du necton du milieu pélagique marin a été
effectué pour la cinquiéme année consécutive a la fin de 1’été 1998. La zone d’étude comprenait les eaux
cotieres et hauturieres s’étendant du sud du Labrador au sud des Grands Bancs (divisions de ’OPANO
2J3KLNO). Les effets spatiaux et (ou) annuels (1994-1998) expliquaient une partie significative de la
variation de toutes les variables examinées. Les écarts régionaux étaient importants et généralement associés
aux zones de transition en latitude ou a celles entre les eaux cotieres et hauturieres. Les températures
moyennes de surface au moment du relevé de 1998 se situaient au centre de la gamme des cing années, en
deca de celles de 1994 et 1996, mais supérieures a celles de 1997 et 1995. On a noté la présence d’une
importante masse d’eau relativement chaude sur le Grand Banc en 1998, mais I’eau était moins chaude au sud.
En 1998, la biomasse de la fraction du plus petit zooplancton venait en deuxieme apres celle de 1997 et était
significativement plus importante que celles de 1996, 1995 et 1994. Celle de taille intermédiaire était la plus
élevée et n’était pas, a I’exception de celle de 1994, significativement plus importante que celle d’aucune autre
annce. La fraction de plus grande taille était la deuxiéme derniére et significativement inférieure a celle de
toute autre année. En 1998, la répartition des larves de capelan était plus étendue que celle de toute autre
année et s’étendait aussi loin au nord que les prélévements effectués sur la cote du Labrador et le Southeast
Shoal. Le capelan et le langon dominaient le necton total. Le taux de capture moyen de la morue polaire, qui
avait diminué de fagon successive au cours des trois années précédentes, se situait au troisieme rang en 1998,
apres correction pour les variations nycthémérales. La biomasse moyenne du necton total (incluant les
méduses) était significativement supérieure a celle de toute autre année en 1998. Aprés correction pour les
écarts entre le jour et la nuit, le taux de capture du capelan de 1998 (surtout des individus d’age 1 ou 2) était le
plus faible de la série et, a I’exception de 1995, significativement inférieur a ceux de toutes les années. Le
taux de capture moyen de la morue pélagique du groupe 0 était aussi le plus €levé depuis 1994, cela & cause de
taux de capture relativement élevés sur le Grand Banc mais non dans les zones plus au nord. Six groupes
d’especes se rencontrant surtout sur le plateau nord-est de Terre-Neuve étaient aussi moins abondants qu’en
1997, mais les especes se trouvant surtout sur les Grands Bancs avaient tendance & étre plus abondantes en
1998.




Introduction

Large scde comprehensve surveys of the marine peagic environment off Newfoundland and
Labrador (NAFO Divisons 2J3KLNO) have been carried out during late summer since 1994
(Anderson and Daley 1997; Daley and Anderson 1997, 1998). The survey was originaly designed
to measure the abundance of pre-recruit Atlantic cod during the pelagic juvenile fish stage. Also an
independent measure of pre-recruit abundance of Northwest Atlantic capdin a the larva stage (0-
group) and as one-year-old capdin (1+) was sought. In addition, it was designed as a multispecies
measure of the dtate of the pdagic ecosystem and changes in it. We wanted to provide a basis to
compare results of future surveys, in an effort to understand short and long-term variations in the
pelagic environment. This environment harbours prerecruit stages of numerous commercia and non-
commercid fish species and invertebrates, in addition to older life history stages of pelagic species as
capelin and sand launce.

The survey was undertaken for a fifth consecutive year in August/September 1998. The
purpose of this document is to describe the temperature, plankton and nekton biomass and structure
of this large zoogeographic area during 1998, in relation to the 4 previous years. Day/night varigbility
in catch rates of 23 biologica variables is examined each year of the survey. Following adjusments
for any did variability, these variables, dong with 2 temperature measures, are daidicaly examined
for differences among years (1994, 1995, 1996, 1997, and 1998) and adso for spatid patterns
throughout the large zoogeographic area surveyed.

Materialsand M ethods

The 1998 survey was carried out from August 24 until September 10. The mid-day of the
survey was day 244 of the year. This comparesto survey mid days of 241, 257, 241 and 233 for the
1994, 1995, 1996 and 1997 surveys respectively. Thus, the 1998 survey was approximately 11 days
later than 1997 and 3 days later than 1996. The RV Teleost (67 stations) covered the northern part
of the survey area and the RV W. Templeman (65 dtations) the southern portion in 1998. The
sandard sampling protocol a each sation included: 1) a Sesbird-25 CTD (Conductivity /
Temperature / Depth) profile, with flourometry to a maximum 500m depth, or within ~ 5m of bottom
where depth was less, 2) a standard double oblique bongo tow to 100m, and 3) a 30 min I'YGPT
(Internationa Y oung Gadoids Pelagic Trawl) tow that dowly oscillated between 20 to 60m depth.
The study area, survey design, sampling gear, and methods are described in Anderson and Dalley
(1997). Since a complete ichthyoplankton sort was not carried out on the bongo samples distribution
and abundance data is presented for capelin and herring only. Catch rates of these 2 species were
esimated by subsampling catch from the right Sde of the bongos at sea. In 1996 to 1998 the right
bongo net was of 505 micron mesh and the left side 232 micron, whereas in 1994 and 1995 mesh
size on both sdes was 333 micron. Consstent with the previous years one haf of the tota plankton
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biomass from the left sSide of the bongo was filtered into 3 sSze categories. >2mm, 1-2mm, and <1mm,
dried for 24 hours at ~ 75°C, and weighed to the nearest milligram.

Didribution of variables throughout the large spatid area was examined by dividing it into
seven smdler aress (Figure 1). The smdler areas were based on predominant geographica features
(eg., banks), closeness to shore, and latitude. Seven areas were consstently sampled al four years.
Notation used in the document for the 7 areasis as follows.

1) INSH denotes dl of the large inshore bays and stations within ~ 54km of shore. In 1998

gations within Bonavisa Bay were not completed due to an early termination of the
Teleodt portion of the survey.

2) NGB the northern Grand Banks and

3) 1SN or the inner Northeast Newfoundland (NE) Shelf, northern portion,

4) BIBI or Bdle Ide Bank in the northern NE shdlf, offshore portion,

5) ISSor theinner NE shelf, southern portion,

6) FIBI or Funk Ide Bank, the southern NE shelf, offshore portion.

7) SGB the southern Grand Banks.

A daynight variable was cregted to determine if did differences existed in catch rates. Sets
with mid-times between sunrise and sunset were classified as day, those between sunset and sunrise
as night. Sunrise and sunset were determined each day of the survey using tables provided by
Environment Canada. An analysis of variance was carried out for each variable, each year, with catch
rate as the dependent variable and daynight and area as independent variables. If the mean day and
night catch rates were significantly different (P<0.05), catch rates of the light condition with the lower
mean were adjusted upward according to itsratio of the higher mean.

Once biologica variables with sgnificant did differences in caich rates were adjusted, another
andysis of variance was carried out on al variables examined (eg., temperature, zooplankton biomass,
total nekton biomass, species, or groups of species abundance) as the dependent variable. The main
effects, area and year, serve as independent variables. The generd linear models procedure or GLM
(SAS Indtitute Inc.1989) was run to include interaction between the two main effects, area and year.
If the interaction term was not significant, the modd was rerun without interaction. Aress and years
were ranked from highest to lowest for each variable. An apogteriori Studentized Maximum Modulus
(GT2) test was performed to indicate significant differences (P<0.05) between areas and years, for
each dependent variable. All biological variables were standardised to the volume of water filtered and
loggedyo prior to the andysis of variance



Results

Temperature, and distribution and abundance data for the 1998 survey is presented using
contour plots covering the whole zoogeographic range for each varigble examined. The results of the
andysis of variance of 35 means (7 areas x 5 years) are presented for each variable, indicating the
total variability accounted for by the model, and that attributable to each of the main effects (Table 2).

R? and percent explained variation are used interchangesbly. Specific statements made regarding
significant differences between areas and years are based on the results of the GT2 test.

Conggent with previous years there was a latitudina cline in surface temperature from
southern Labrador to the northern Grand Bank (Figure 2, |eft panel) with warmer water to the south
and atendency for dightly warmer surface water in the bays than adjacent |atitudes on the shelf.
However, in 1998 this north to south cline did not continue to the southern Grand Bank asiit did
during previous years and mean surface temperature on the northern Grand Bank (15.2°C) was
higher than that of the southern Grand Bank (13.5°C). Thisisindicated by the large light areaover
the northern Grand Bank in the figure. South of the warm water there was a cline of decreasing
temperature until relatively cool water occurred on the southern edge of the survey area. The GLM
model for surface temperature had the highest R? (0.82) of all variables examined (Table 2). Although
both main effects were significant, variation in temperature attributable to area was much greater than
that of year. Considering al years mean temperature on the southern Grand Bank was warmer than
that of dl other areas. There was no difference in mean temperature on the northern Grand Bank and
thet of the inshore area. Both were warmer than the southern portion of the inner Northeast shelf and
Funk 1de Bank which in turn were warmer than the 2 most northern areas (1SN, BIBI) of the shelf.
There was a Sgnificant difference in mean temperature each year of the survey such that
94>96>98>97>95, noting that 1998 was mid range of the previous 5 years.

There was aweeker cline in temperatures a 50m (Figure 2, right). Unlike the surface
warmest water at 50m in 1998 was located over the southern Grand Banks, with the inshore ranking
second. Asin previous years relaively warm water occurred at some stations near the shelf break.

R? for the mode was 0.48 and both independent variables contributed significantly to variation, area
again more so than year (Table 2). Mean temperature at 50m was warmer during the surveys of
1995 and 1996 than the other 3 years. Mean temperature at 50m in 1998, like surface temperature,
ranked in the middle. Although mean surface temperature ranked warmest in 1994, mean temperature
at 50m ranked coldest in 1994, but was not significantly different from 1997 or 1998.

Results of andlysis of variance of mean catch rates of biologica variables between day and
night indicated much variability between day and night catch rates (Table 2). Biomass of the large
and mid-size zooplankton fractions was consstently significantly greater during night sets than day sets
al years. There was sgnificantly more of the small-sze fraction taken a night during 1994 and 1995
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only. Thetota wet biomass of nekton, with jellyfish, showed no difference in daynight catches during
thefirst four years but Sgnificant more was caught at night during the 1998 survey. Without jellyfish
there was a sgnificantly greater biomass caught at night during each of the past three surveys. There
was aggnificant difference in daynight catches of dligatorfish and Atlantic cod in 1994 only, when
more were taken in the day. Significantly more Arctic cod were taken at night in 1998 only, there
being no differencein other years. There was no differencein day and night catches of haddock in
1998, the only year they were caught. Capelin were variable amongst years. In 1994 the mean catch
was higher at night, but not sgnificantly. From 1995 to 1998 there were Sgnificantly more, ranging
from 6.9 to 291.5 times, taken at night. Catch rates of blennies were significantly higher, ranging from
5.7 t0 55.5 times higher, a night al years except 1995. There was no sgnificant differencein day and
night catch rate of sculpins from 1994 to 1996. However, in 1997 there were significantly more taken
during the day, whereas in 1998 there were more taken at night. During 1994 and 1997 there was no
did differencein catch rates of seasnails whereas during the other three years catch rate was from 2.8
to 6 times higher & night. There was no sgnificant difference in day and night catch rates of squid
during 1994 and 1995, but during the three most recent years catch rate was 2.2 —3.5 times greater at
night. There was a sgnificant difference in catch rate of turbot each year of the survey. In 1994 7.6
times more were caught during the day wheareas during the 4 most recent yearsthere from 1.7t0 7.8
times more caught caught a night. Wolffish exhibited daynight differencesin caich rate in 1998 only
when 5 times more were caught at night. American plaice, hake, redfish, sand launce, witch flounder
and ydlowtall did not have any sgnificant daynight differencesin catch rate and have not had caich
rates adjusted for any year.

Conggtent with the results of previous years surveys total zooplankton biomassin 1998
(Figure 3 and 4), was highest on the Northeast Newfoundland Shelf. Highest biomass was obtained
a stationswell in, as opposed to near the shelf edge, where the highest biomass occurred in 1997.
Conggtent with 1997 the lowest weights occurred on the eastern portion of the Grand Banks. Tota
mean biomass ranged from 289.3 — 6452.7 mg/m2. R for the model was 0.49, both area and year
were sgnificant, area accounting for more variation (Table 2). The four most northern areas ranked
highest and were not significantly different from each other, but BIBI and ISN was higher than the
inshore. The inshore was not different from the southern Northeast shelf (ISSand FIBI). All five
areas had sgnificantly higher biomass than NGB, which was higher than SGB. Mean tota
zooplankton biomass was significantly higher in 1997 and 1998 than the other years and was
significantly higher in 1995 and 1996 than 1994. The year of lowest zooplankton biomass (1994)
coincided with the year of highest mean surface temperature.

Highest concentrations of the large zooplankton size fraction occurred on the central and
northern portions of the NE shelf (Figure 3, right), the digtribution being less patchy than that of 1997.
Mean weights ranged from 163.9-2168. /m2. R for the model was 0.38 and area accounted for
more variation (Table 2). There was a generd trend of decreasing weights from north to south with no
sgnificant difference in mean biomassin the 4 northern areas or the inshore, dl of which hed
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sgnificantly higher biomass than the Grand Banks. Mean biomass of this large sze fraction was
sgnificantly higher in 1995 than any of the other 4 years of which 1998 ranked the lowest.

Mean weights of the mid-sze (1-2mm) fraction ranged from 37.1 to 2646.0 mg/m2. Highest
biomass again occurred in the northern areas and lowest occurred on the Grand Banks (Figure 4,
left). R for the model was 0.60, both effects were significant, and area accounted for more variation
than year (Table 2). Highest mean biomass occurred in BIBI which was significantly higher than dl
other areas except ISN. Mean weightsin al the northern areas were higher than weights on the
Grand Banks. Weights inshore were higher than on the Grand Banks but were not less than on Funk
IdeBank area. Although the mean biomass of the mid size fraction ranked highest in 1998, there was
no sgnificant difference in mean weights for any of the 4 mogt recent years, dl having higher biomass
than in 1994.

Digtribution of weights of the smal-gze fraction indicated more of an inshore/offshore cline

(Figure 4, right). Highest biomass generaly occurred inshore rather than near the shelf edge asin 1997
and relatively large catches were taken on the southern portion of the Grand Bank. The highest
concentration occurred a a station located between Fogo Idand and coast of the Idand. The model
explained 60% of the variation, but in contrast with the other plankton sze fractions, and dl other
variables, annud variation was greater than geographic variaion (Table 2). Over the 5 yearsthere
was no Sgnificant difference in biomass amongst the 4 northern areas or the inshore, dl of which had
higher biomass than the Grand Banks. Overdl mean weights of the smalest zooplankton size fraction
were ggnificantly higher in 1997 than 1998 which was higher than 1996, dl three being higher than in
1995 and 1994, which were not different. One would expect a higher mean weight of this Sze fraction
in the 3 most recent years as aresult of the finer mesh used on the bongo codends during these years.

However, since smilar mesh was used in each of the three most recent years, the differencesin mean
weight in these yearsis not gear related. No difference was detected in the biomass of the small sze
fraction between night and day sets.

Capdin spawn inshore on beaches and their late summer larva distribution represents
dispersd from the nearshore habitats. The distribution of capelin larvae during the 1998 survey,
estimated from bongo subsamples, was smilar to other recent years being mainly coastd. In contrast
to other recent years however the distribution was more extensve in the north to the coast of
Labrador. Also for thefirst year since the 2-ship survey was started, capelin larvae were distributed
on the southern Grand Bank. This digtribution is distinct from that of larvae spawned inshore and
represents the first year we have observed spawning products from the Southeast Shod capelin
spawning stock. Also, in contrast to the distribution in 1997, that of 1998 was dispersed further
offshore, epecidly in the area of the Northern Grand Bank. Also in the Notre Dame Bay area,
highest densities did not occur at stations nearest shore, but at those further off, (Figure 5, 1€ft)
indicating sgnificant dispersa from the nearshore spawning relative to 1997. The 1997 survey was ~
8 days earlier than that of 1996 whereas the 1998 survey was 3 days later than 1996, 11days later
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than 1997. Thisisreflected in the larger Size of capelin in 1998, which ranged from 4-25mm with the
mean length of 11.7mm (Figure 5, left). This compares with mean lengths of 10.0, 9.9, 10.7, and 8.9
inthe 1997, 1996, 1995 and 1994 surveys respectively (Anderson and Dalley 1998).

Asin previous years digtribution of herring larvae (4 only) was quite restricted and occurred in
3 bongo sets only, al of which were close to inshore. Two were taken near Fogo I1dand and one near
the Avalon Peninsula. (Figure 5, right). Digtribution is similar to other recent years with catch rates
smilar to 1996 and 1997, but lower than in 1994 and 1995. L engths range from 16-20mm.

The didribution of total nekton biomass, including jellyfish, from the I'Y GPT (Figure 6, |€eft)
indicates highest concentrations on the centra portion of the northern Grand Bank and portions of the
Northeast Shelf. This, particularly with high weights in the southern portion of the survey area, differs
from other yearsin that the north/south dlineis not as evident. The R for the mode was 0.34, both
effects were sgnificant, area accounting for much more varigtion than year (Table2). Smilar to last
year'sandyss, when dl years are consdered, mean weight inshore ranked highest and was not
sgnificantly greater than mean weight on the southern or northern portions of theinner NE shelf (ISS
and ISN). The southern Grand Banks ranked last and was significantly lower than al other areas
except the northern Grand Bank. The overall mean biomass ranked highest in 1998 and was
significantly greater than all other areas1996 but not the other years. Nekton biomass was greater in
night sets compared to day sets.

Didribution of nekton biomass, with jelyfish removed (Figure 6, right), indicates grestest
biomass on the central portion of the NE shelf, and at severd stations on the Grand Bank. As with
jellies, the north to south cline in weights evident in previous yearsis not as obviousin 1998. R for
the modd was 0.26. Similar to the mode with jellyfish, both effects were significant, areaexplaining
much more variation than year (Table 2). Congdering dl years (4 only), there was no significant
difference in biomass of the 4 northern areas, which was greater than that on the Grand Banks. Mean
biomass inshore was sgnificantly less than the 2 northern areas nearer shore but was not less than the
two offshore areas of the NE shelf. Weights inshore ranked higher but were not significantly greeter
than SGB or NGB. The grester difference in welghts between the two messures indicates that the
greatest biomass of jelyfish occurred in the inshore and on the northern Grand Bank. This ranking
compared to the ranking with jellyfish indicates that the greatest biomass of jellyfish occurred in the
inshore. Mean wet weights without jellyfish in 1998 ranked second behind 1995 and was not
sgnificantly different from any year. Nekton biomass, with jdlies, was higher in night than day
catches.

Approximately 106,400 fish were taken in the I'Y GPT in thel998 survey (Table 3) compared
t0 ~120000in 1997. Like 1997 the most abundant fish was juvenile capdin. In contrast to 1997,
however, capdin congtituted only 58% of all fish caught compared to 85.7% in 1997. Nonetheless
capelin were more widespread in 1998 occurring in 62.9% of al sets compared to 39.3% in 1997.
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For thefirgt year of the survey there was an abundance in 1998 of sandlance (over 13x more thanin
1997) ranking second in overall abundance and occurring in 45.5% of the sets. In 1998 Arctic cod
ranked fourth compared to first in 1995, second in 1994 and 1996, and third in 1997. Lanternfish
ranked third in total number of fish caught in 1998 but occurred in only 3 sets. All but 2 of the 12167
lanternfish were taken at the shelf bresk at 49.5°N latitude. Squid ranked fifth in total numbers caught
in 1998. However, despite the fact that less than one third the total number of squid were caught asin
1997 when they ranked second they were widespread occurring in 69% of the sets compared to 65%
in 1997. Species groups that occurred in approximately haf the stations included sculpins,
dligatorfish, shannies and blennies, sculpins, seasnails, Atlantic cod followed by wolffish, redfish and
American plaice.

Smilar to 1997 pelagic capdin (mostly age 1-2) were distributed throughout the inshore
portion of the survey area as far north as sampled on the Labrador coast, and throughout much of the
offshore, particularly the northern Grand Bank (Figure 7, Ieft). Capdlin were absent from most of the
offshore portions of the NE shelf and the southern Grand Bank. A rdatively low proportion of the
variability (R°=0.26) in capdlin catch rates was accounted for by the GLM modd. Variation
attributable to area was much more than that of year (Table 2). Over the 5 years, highest abundance
occurred on the Northern Grand Bank, which was not significantly greater than the inshore. Both
were sgnificantly greater than abundance in the other 5 areas which were not different. The mean
catch rate in 1998, after did adjustment, ranked last to but was not different from 1995. Highest catch
rate occurred in 1996 but it was not significantly greeter than 1998 only. The relative proportion of
age 1'sto older capdinisindicated by the relative Sze of the 2 modesin the length frequency
digtribution. Information on year class strength of capdlin, estimated from these surveys, is presented
annudly a the regiona capelin assessment meeting. (e.g., Anderson and Ddley 1998)

Over 13 times more pelagic sand lance were captured in 1998 than in 1997. Didtribution
(Figure 7, right), was Smilar to that of 1997, being primarily on the Grand Banks, with lower catch
rates occurring on the NE shdlf to the coast of southern Labrador. Also in contrast to 1997, the
digtribution of sand lance extended from the Grand Banks to the Avaon Peninsulaand into
Conception and Trinity Bays. Asin 1997 the distribution of high catch rates at some stations near the
edge of the Grand Bank suggests that the distribution extends beyond the area surveyed. R for the
modd was 0.32, mogily attributable to area; and the year effect was significant (Table 2), in contrast
to the 1997 results. Over al 5 years mean catch rates were highest on NGB which was not
sgnificantly higher than that of SGB. Mean caiches of both NGB and SGB were higher than dl the
other areas, which were not significantly different. The inshore wasintermediate in catch rate between
aress condtituting the inner and outer NE shelf, which ranked last. Overal abundance of sand lancein
1998 was sgnificantly higher than the 4 previous years, which did not differ sgnificantly. The smaler
of two modes in the length frequency distribution (40-80mm) correspond to O-group wheress the
large mode corresponds to fish of severd ages probably up to age 4-5 years (Winters 1981).
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The digtribution of pelagic 0-group cod in 1998 (Figure 8, left) was more extensve than in
1997, and particularly 1996, when cod were practically absent from the NE Shelf, Notre Dame,
Trinity, and Conception Bays. For the first year Snce the survey began rdaively high cetch rates
occurred on the Grand Banks. Highest catch ratesin 1998 occurred on the southern Grand Banks.
Cod aso occurred in each of the bays that were examined, the highest catch rates being in Notre
Dame Bay. Catches on the Northeast Newfoundland Shelf were quite low. The modd explained
35% of variation in catch rate of pelagic 0-group cod. Both effects were significant (Table 2). Over
the 5 years catch rate ranked highest inshore which was sgnificantly higher than dl other aress. 1SS
ranked highest of the others, NGB the lowest. Catch rate was significantly higher in 1994 than any of
the years that followed. Mean catch rate in 1998 ranked second and was significantly grester than
1996 but not 1995 or 1997. Lengths of cod ranged from 28-88mm and mean length was the largest
of pelagic cod sampled over the 5 years. Further information on pelagic O-group cod from this
survey, is presented annudly at the regiona cod assessment mesting. (e.g. Anderson et a. 1999)

Tota number of Arctic cod was smilar to that takenin 1997. Didributionin 1998 (Figure 8,
right) was less digpersed than in 1997, being dmost exclusvely redtricted to the northern haf of the
survey area. Smilar to 1997 highest catch rates occurred in the more northern inshore portion of the
survey area (ISN), decreasing toward the shelf edge and with decreasing latitude to NGB, where
catches were extremdy low. In the modd both main effects contributed sgnificantly in explaining
~46% of variation in catch rate (Table 2), the area effect accounting for more variation than year.
Congdering al years highest mean catch rate occurred on 1SN which was higher than catch rate of al
areas except the inshore. The inshore which ranked second had higher mean catch rate than al other
aress, except |SS. Catch rate was significantly higher on BIBI and FIBI than on the northern or
southern Grand Bank, which was lowest. After catch rates were adjusted for did differencesa
decrease in the abundance of Arctic cod each year of the surveys was no longer apparent. When
1998 catch rates, which were significantly higher at night, were adjusted 1998 ranked third. There
were sgnificantly more in 1994 than any other year. Catch rate in 1995 ranked second, and was
sgnificantly higher than 1997, but not higher than 1998 or 1996. Lengthsin 1998 ranged from ~25-
65mm which is smilar to other years.

Redfish digtribution in 1998 was smilar to other years, occurring in two distinct areas, one on
the NE shelf and one on the southern Grand Bank (Figure 9, left). Redfish were dso digtributed in the
northern bays as they werein 1995 and 1997. The overdl GLM modd, dthough sgnificant,
explained rdatively little variability in catch rate (R*=0.09) and only the area effect was significant
(Table2). Consdering dl 5 years SGB had the highest mean catch rate and was significantly higher
than al other areas except FIBI. The northern Grand Bank and the inner NE shelf rank lowest. There
was no significant difference in overdl mean catch rate over the 5 years and 1998 ranked in the
middle behind 1994 and 1995, but higher than 1996 and 1997. Lengths of redfish ranged from 25
65mm in 1998 which is larger than those caught in 1997. Similar to the length frequency in 1995 there
was a least two modes evident in the distribution.
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Although digtribution of hake (common and/or white) (Figure 9, right), arelatively warm water
species, was more extensve than in 1997 (when they occurred in only 2 gations), but was ill
restricted to the southern Grand Bank. The model explained 25% of the variation in catch rate and
area accounted for more than year (Table 2). Overall mean catch rate in 1998 ranked third and was
not sgnificantly different from 1994, 1997 and 1995. Highest mean caich rate occurred in 1996 and
was significantly higher than that of the other 4 years. Lengths ranged from ~25 to 150mm.

Similar to previous years shannies and blennies were restricted to the northern portion of the
survey areaincluding the northern bays (Figure 10, left). Overdl catch numbers were down from
1997 and the distribution was less extensive with numerous null catches on the NE shelf. The model
had an R? of 0.34, and both effects were significant (Table 2). Abundance over the 5 years was
sgnificantly higher in the two areas condtituting the inner NE shdlf (1SS and ISN) than the other 5
areas. Caich rates on the outer portions of the NE Shelf (FIBI and BIBI) were not significantly
higher than the inshore but these three areas were higher than the Grand Banks. Mean catch rates
were sgnificantly higher in 1997 than al other years, except 1998, which ranked second, followed by
1996, 1994 and 1995. Catch rates were significantly higher in 1998 than in 1995 but not higher than
1996 or 1994. The group is made up of severa species and has atri-modal length distribution
(ranging from ~ 25 - 165mm), which is probably attributable to different spawning times and/or
growth rates of the different species.

Sculpins condtitute another mainly northern group made up severa species. In 1998 only one

third the tota numbers were taken asin 1997, but distribution (Figure 10, right) was smilar to 1997,
being mostly restricted to the area north of the Grand Bank, but with sporadic low catches occurring
on the bank. The modd explained 47% the variation in catch rates. Both main effects were
sgnificant, area more so than year (Table 2). The interaction factor was dso relatively high for
sculpins. Over 5 years the highest abundance occurred on 1SN which was significantly greater than
the other areas. Catch rate on ISS, which ranked second was higher than al others except Belle Ide
Bank. Catch rate on the Grand Banks was lowest but not significantly lower than FIBI or the inshore.
Catch rate in 1998 ranked behind 1997 and 1996, but was not sgnificantly different from either year.
Catch rate during these three years was significantly greater than 1994 and 1995. Lengths ranged
from gpproximately 28 - 60mm with a couple of specimens ranging over 100mm.

Overdl catch of peagic squid (unidentified) in 1998 decreased with 1/3 the number taken as
in 1997, but except for afew null catches on the NE shelf squid were distributed smilarly to 1997
(Figure 11, Ieft). They were mainly in the northern haf of the survey areawith highest catch occurring
on the centrd northern portion of the NE shelf. There was dso adigtinct digtribution with rdaively
low catch rates on the southern Grand Bank. R for the model was 0.50, both main effects
contributed significantly, area more so than year (Table 2). Over the 5 years mean catch rate of squid
ranked highest on 1SN which had significantly higher catch rates than dl other areas except Bdlelde
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Bank. Theinshore and the Grand Banks had significantly lower catch rates than the other 4 aress.
Overdl mean catch rate in 1998 ranked fouth but was not significantly different from 1994 or 1996.
Catch rate of squid ranked highest in 1995, was not significantly higher than 1997, but was higher than
the other three years.

Severd species of seasnails of the family Liparidee were dso digtributed mainly in the northern
haf of the survey area (Figure 11, right). However, only 1/5 the number was taken asin 1997, and
distribution on the NE shelf was much less continuous than in the past. Highest catch rates occurred
near the coast of southern Labrador and in White Bay. Sporadic low catches were taken on the
Grand Banks. The mode explained ~ 42% of variation in catch rates and both main effects were
sgnificant (Table 2). Congdering dl years the northern inner NE shelf (I1SN) ranked highest but catch
rates there were not sgnificantly higher than those of the southern inner shelf (1SS). These 2 areas had
significantly higher catch rates than al other areas, except the ISN was not greater than the inshore.
The Grand Banks ranked lowest but was not significantly lessthan FIBI. Most seesnails ranged from
approximately 25-50mm but there were dso some larger specimens extending up to ~165mm which
were not observed in previous years.

Ancther predominantly northern pelagic juvenile fish, dligatorfish (3 species of Family
Agonidag), (Figure 12, left pandl) were most abundant close to the Labrador coast and on the
southern portion of the NE shdlf in 1998. Thiswas smilar to the 1997 distribution, except that highest
catch rates occurred further offshorein 1997. Asin 1997, there was adistinct distribution of lower
catches on the southern Grand Bank. The model explained 38% of the variation in catch rate over the
5 years, and the area effect accounted for more variation than year (Table 2). In fact the total
numbers caught in 1998 which ranked fifth was ~ 75% that of 1997 which ranked second.
Consdering dl years dligatorfish were significantly more abundant on the southern portion of the NE
shelf (ISS and FIBI) than al other areas except the northern portion which was smilar to the inshore.
The catch rate on the Grand Banks was lower than al other areas. Length range of dligatorfishin
1998 was ~28-49mm which was smilar to 1997.

L ess abundant wolffish, condtituting 2-3 species of Anarhichus, were distributed mainly the
NE Shelf and shelf edge, but extended as far south as the southern Grand Bank (Figure 12, right). Just
over Y2 as many fish were taken asin 1997 and digtribution, particularly on the NE shelf was less
extensve. Highest catch occurred on the central portion of the NE shelf and on the shelf edge on the
northern Grand Bank. R for the model was 0.27, both effects were significant, area more so than
year (Table 2). Over dl years highest abundance occurred on Funk Ide Bank, which was not
sgnificantly higher than BIBI and ISS, dl three being sgnificantly higher than the other aress.
Abundance in the inshore ranked last but was not significantly less 1SN or the Grand Banks. Of the 5
years wolffish abundance ranked highest in 1996 but was not higher than any other year except 1995
which was not sgnificantly less than 1994 or 1998 which ranked third. Lengths of wolffish ranged
from ~48-100mm with 2-3 modesin the distribution.



13

The abundance of four species of flatfish was rdatively low over the 5 years of the surveys,
often with sporadic digtribution.  In contrast to 1997, when American plaice distribution was mostly
restricted to the inshore, in 1998 highest catch rates occurred in adistinet distribution on the southern
Grand Bank. (Figure 13, Ieft). The modd explained 20% of the variation and asin 1997 only the area
effect was Sgnificant. Conddering al 5 years mean catch rate was highest inshore which was
significantly greater than al other areas except the southern Grand Bank. Abundance was lowest on
the northern portions of the NE Shelf. Mean catch rate ranked highest in 1998 but not significantly
higher than 1997 or 1994. Lowest catch rate occurred in 1996, which was not significantly lower
than any year except 1998. Lengths ranged from ~20-60mm.

With atota catch of only 18 in 1998 abundance of turbot in 1998 ranked lowest of the five
years. Catch rate in 1995 was significantly higher than the other years. Highest catch ratesin 1998
occurred a severd locations on the NE shelf and, asin 1997, they occurred sporadically inshore and
on the southern Grand Banks (Figure 13, right). R for the model was 0.41, both main effects were
sgnificant (Table 2). Over the 5 years, mean caich rate on BIBI was sgnificantly higher than al other
aress. 1SS and 1SN had significantly higher catch rates than the inshore, NGB and SGB, but FIBI
was not different from either group. Lengths were distributed mostly in 1 mode (56-88mm) as
opposed to 1997 when 2 modes (probably corresponding to age 0 and age 1) were observed.

Although abundance of witch flounder was relatively low in 1998, with atota catch of 40 fish
it was higher than that of the 4 previous years. It was digtributed in the northern bays as well as on the
southern Grand Bank (Figure 14, left pand). The model explained only 17% of variahility in catch
rate. Although the mode indicated that the area effect was sgnificant (P=0.006), the GT2 test
indicated no area difference in catch rate. The inshore ranked highest followed by the southern Grand
Bank, with BIBI ranking last. The modd itsdf showed no annud effect (P=0.08), but the GT2 test
indicated that catch rate in 1998 was higher than the 4 previous years, of which 1996 ranked highest
and 1997 lowest. Sizes of witch flounder ranged from 31-60mm and there was no differencein day
and night catches.

Over the five years of the survey extremey low numbers of ydlowtail flounder have dso been
taken. In 1998 only four juveniles were taken in 2 stations (Table 3) on the southern Grand Bank. The
mode explained only 6% of variability and only the area effect was sgnificant. Significantly more
were taken on southern Grand Bank and over the years the only other area where they occurred was
inshore. Catch rate in 1996 ranked highest ahead of 1994 and 1995. Catch rate in 1998 ranked
fourth ahead of 1997.

Pelagic O-group haddock were observed in 1998 for the first time since the 2-ship survey was
darted in 1994. They had afairly extensve digtribution on the Grand Banks, mostly on the southern
portion but also extending onto the northern Grand Bank (Figure 14, right panel). Lengths ranged
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from ~73-138mm. Examination of otoliths dratified over the whole length range indicated thet al
specimens were young of the year.

Summary and Discussion

Results of andlyss of variance indicated that in the overdl modd there was a datidticaly
significant (P<0.0001) relationship between dl variables (except yelowtail with P<0.0005) examined
during the 1998 survey, and geographic area and/or year of survey (Table 2). The partial F-value
attributable to area was significant for al variables (P<0.0001) except haddock (P<0.0587) and witch
flounder (P<0.0062). Variation attributable to year was sgnificant (P<0.05) in al but 6 cases,
midsze zooplankton, capdin, redfish, American plaice, witch, and yelowtal flounder being the
exceptions. As noted abundance of the flatfish specieswas low al years. Geographic area accounted
for much more variation in mean temperature than did annud differences, particularly & Om. Area
accounted for more variation in total zooplankton biomass and total nekton biomass than did year, but
smilar to 1997, annud rather than geographic area, accounted for more variation in biomass of the
smalest (< Imm) size fraction of zooplankton. The partid F-vaue for area was higher than that for
year in dl but 3 species/groups examined the small zooplankton sze fraction, haddock and seasnails
being exceptions. The interaction of the two main effects in the analyss of variance was sgnificant in
al rdaionships except that for the redfish, and ydlowtal but in most cases the partid Fvaue
attributable to interaction was low compared to the main effects. (Table 1).

Surface temperatures were notable in 1998 due to the large amount of warm water on the
Grand Bank compared to the previous years. In comparison to the four previous years mean surface
temperatures during the survey in 1998 were midrange being significantly higher than 1997 and 1995
but lower than 1994 and 1996, both of which were rdativdy warm years. In contrast, mean
temperatures at 50m in 1995 and 1996 were higher than 1998, 1997 and 1994.

The meen tota zooplankton biomass from the bongos was sgnificantly higher in 1997 and
1998 than in the other 3 years of which 1995 ranked highest and 1994 was lower than the other
years. Thusthe year of lowest zooplankton biomass coincided with year of lower mean temperatures.
Mean biomass of the largest size fraction ranked second last in 1998, but was not sgnificantly less
than the higher ranking years. Mean biomass of the mid-sze zooplankton fraction was highest in 1998
but was not significantly greater than any year except 1994. Biomeass of the smalest size fraction was
sgnificantly greater in 1998 than the first 3 years of the survey but was significantly less than 1997.
The mean total nekton biomass, with jelyfish, was significantly greater in 1998 than any previous year.
In 1998 the largest biomass of jellyfish occurred inshore and on the northern Grand Bank. Without
jdlyfish, the nekton biomass in 1998 was sgnificantly grester than the previous years. In terms of
zooplankton biomass 1998 was relatively norma to high compared to the earlier years. Thelarge size
fraction which ranked fourth but was not sgnificantly less than any year. Nekton biomass in 1998
was highest in the time series, with or without jelyfish.
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Of the two pelagic fish species that were examined, capdin (age 1-2) ranked relatively low,
but not significantly, whereas catch rate of sand lance was sgnificantly higher than any of the previous
years (that did not differ significantly). In 1997 atrend of decreasing abundance in mean catch rate of
pelagic O-group Arctic cod was identified. However, in 1998, with did adjustments mean catch rate
ranked in the middle, was sgnificantly lower than the first year of the survey but was not significantly
different from any other year. (Without diel adjustments, catch rate of Arctic cod ranked lowest of the
5 years). Catch rate of Atlantic cod decreased significantly in 1995 and again in 1996. Caiches
increased dightly in 1997 but not significantly over 1996. In 1998 mean catch rate of cod increased
again such that it was significantly higher than 1996 but not 1997 but Htill significantly lower than 1994.

The increase in catch rate of pelagic 0-group Atlantic cod in 1998 over 1997 is a result of increased
catch rate on the Grand Bank particularly the southern portion, and not due to an increase in Northern
cod. Mean catch rate of redfish increased in 1998 over the past two years, ranking third of the 5
years which were not significantly different. Catch rate of hake ranked 3 overdl and was significantly
lower than 1996 but not different than the other four years. As noted in 1997 (Daley and Anderson
1998) sx groups of reaively abundant species (including blennies, sculpins, squid, seasnails,
dligatorfish and wolffish) were more abundant on the Northeast Newfoundland Shelf than on the
Grand Banks. Blennies, sculpins and seasnails were more confined to the inner shelf waters wheress
wolffish were more predominant over the offshore banks. Squid were more abundant in the northern
aress, wheress dligatorfish tended to be more abundant over the southern portion of the NE shelf.
The fact that three of the groups (blennies, dligatorfish and wolffish) ranked first in mean catch rate in
1997, and the other three groups ranked second, together was taken to indicate that 1997 was
relatively productive in relation to other recent years on the NE shelf. Results from the 1998 survey
tend to reinforce this. In 1998 catch rates of dl 6 of these groups were lower than in 1997 datistically
lower in the case of squid and seasnails.

It was ds0 noted last year that species, which were mainly confined to the Grand Bank as
sand lance and hake, were not abundant in 1997. There were statisticaly fewer hake than in 1996 and
athough there was no year effect in the analyss, sand lance ranked lowest of the four years 1997.
We describe an environment that appears to contrast with this in 1998. In 1998 there was a
sgnificantly higher (13x) catch rate of sand lance as a result of high catch rates on the Grand Bank.
Also, for thefirgt timein at least 5 years pelagic 0-group haddock were observed on the Grand Bank,
in addition to a significant concentration of pelagic O-group cod. Redfish were digtributed further onto
the southern Grand Bank from the southeast and had higher catch rates in 1998 than in 1997. Also
for the firgt year ance 1994 we have evidence, from a concentration of larvae, that capelin spawned
on the Southeast Shoa of the Grand Bank. Pelagic O-group American plaice, which have been
observed on the Grand Bank in previous years, were restricted in their ditribution to the inshore in
1997. In 1998 highest caich rates of American plaice occurred on the southern Grand Bank.

Of the 4 species of flatfish that have occurred over the survey area, abundance of pelagic O-
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group yelowtail and witch remain extremely low and occurrence sporadic. Of the other two flatfish
species, which dso had ratively low catch rate, American plaice ranked highest of the 5 years and
turbot ranked lowest.

With the addition of the 1998 data spatid patterns are more evident and tempord patterns
are emerging, abeit for areatively short time series. A pattern of decreasing abundance and spatia
contraction of pelagic cod during the T 3 years changed direction in 1997. Although Arctic cod
whose range did not obvioudy contract declined each of the first 4 years of the survey appear to have
again levdled off. The ranking of for 1998-catch rate changed from 5" to 3¢ as a result of daynight
adjusments. The only year with a did difference for Arctic cod was 1998 when dl daytime catch
rates were adjusted upward due to the significantly higher mean catch rate at night.

This survey can monitor changes in the pdagic environment.  With it our understanding of
gpatia relationships and annua variability in the marine ecosystem is improving. With each survey our
understanding of recruitment to commercid fish stocks utilisng these ecosystems should dso improve.

Coupled with thiswill be an increase in precison to predict recruitment from O-group surveys.
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Table 2. Results of analysis of variance carried out on variables measured during the 1994-1998 pelagic 0-group
surveys. Year and geographic area are used as independent variables. Shown is the maximum and minimum means
by area, for each variable, the R-squared explained by the model, the overall F-value and associated probability, as
well as the partial F-value (and probability) associated with each independent variable. The partial F-value and
probability attributable to interaction of the two main effects is also shown, if the interaction factor was significant.
Any diel differences in catches have been adjusted prior to the analysis.

Partial

Dependent Min Max 1 Overall | Partial F Interaction
. F
Variable mean mean F-value | Area/ factor

/prob Prob Year/
p ’ Prob.

oC 7.3 18.0 0.82 67.29 264.92 40.59 13.35

Om 0.0001 | (.0001) | (.0001) | (.0001)

OC 50m -1.3 3.1 0.48 13.41 49.00 19.79 2.83

0.0001 | (.0001) | (.0001) (.0001)

Zootot 2893 | 6452.7 | 0.49 1428 | 5959 933 | 1.86
0.0001 | (0001) | (.0001) | (go85)

Zoo >2 1639 |2168.1 |038 |882 |3655 |[3.14 |181
(:0001) | (0001) | (.0144) | (0109)

Zoo 1-2 37.1 2646.0 | 0.60 21.84 111.76 1.49 1.90
(.0001) | (.0001) | (:2026) | (.0065)

Zoo <1 78.5 3129.5 | 0.60 22.32 37.92 77.13 3.08
(.0001) [ (.0001) | (.0001) (.0001)
7.65

Nektonl 10.3 0.34 16.52 9.8 3.74

- 188.4 (:0001)

with - (:0001) | (:0001) | (.0001)

Nekton2 9.2 169.2 0.26 5.34 15.98 3.65 1.75

w0 (:0001) | (.0001) | (.0128) | (0291)

Capelin 0 1940.7 | 0.26 5.00 15.93 1.04 2.37

(.0001) | (.0001) | (.3840) (.0003)

Sand lance | 0 393|032 | 701 |2000 |444 |3.14
(.0001) | (0001) | (.0016) | (0001)

Atlanticcod | 0 12 0.35 778 19.10 | 1526 | 3.59
(.0001) | (.0001) | (:0001) | (0001)

Arctic cod 0 65.9 0.46 12.54 54.34 14.89 2.67
(.0001) | (.0001) | (.0001) (.0001)

Redfish 0 5.9 0.09 491 7.49 097 | NS.
(.0001) | (.0001) | (.4250)
Hake 0 0.3 0.25 4.74 7.77 3.06 | 3.98

(0001) | (0001) | (0165) | (.0001)




Table 2. Continued .....
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Dependent Min Max r? Overall | Partial F Eartlal
Variable mean mean F-value | Area/ Interaction
/ prob Prob Year/ factor
’ Prob.
Haddock 0 0.2 0.16 2.75 2.04 341 2.08
(.0001) | (.0587) | (.0092) [ (.0021)
Blennies 0 7.8 0.34 7.62 19.61 15.70 3.47
(.0001) | (.0001) (.0001) (.0001)
Sculpins 0 18.9 0.47 12.72 35.15 22.46 5.15
(.0001) | (.0001) | (.0001) | (.0001)
Squid 0.03 222 0.50 14.69 51.11 11.84 4.85
(.0001) | (.0001) [ (.0001) | (.0001)
Seasnail 0 5.1 0.42 10.67 28.34 29.27 4.85
(.0001) | (.0001) [ (.0001) (.0001)
A.plaice 0 0.4 0.20 3.57 6.49 1.88 2.59
(.0001) | (.0001) | (.1123) | (.0001)
Turbot 0 0.7 0.41 10.03 27.57 26.37 5.09
(.0001) | (0001) | (.0001) | (0001)
Alligatorfish | .01 2.0 0.38 8.81 36.97 2.99 3.14
(.0001) | (.0001) | (.0186) | (.0001)
Wolffish 0 0.4 0.27 5.41 17.55 4.20 2.72
(.0001) | (.0001) [ (.0024) | (.0001)
Witch 0 0.1 0.17 2.88 3.04 2.07 2.54
(.0001) | (.0062) | (.0842) | (.0001)
Yellowtail 0 0.1 0.06 3.21 4.65 1.06 NS
(.0005) | (.0001) | (.3742)




Table 3. Relative overall abundance and incidence of occurrence of dominant fish species caught
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in the IYGPT during the pelagic 0-group survey in 1998.

Species

Capelin

Sand lance
Lanternfish
Arctic cod

Squid
Alligatorfish
Shannies Blennies
Sculpins

Redfish

Atlantic cod
Seasnails
American plaice
Haddock
Wolffish

Witch flounder
Greenland halibut
Hake

Yellowtail

Relative
Scientific Name No. Caught Abundance(%) Incidence(%)
Mallotus villosus 61752 58.0 62.9
Ammodytes sp. 23401 22.0 45.5
Myctophidae 12167 11.4 2.3
Boreogadus saida 3906 3.7 583
Cephalopoda 1626 1.5 68.9
Agonidae 865 0.8 70.5
Stichaeidae 847 0.8 25.8
Cottidae 458 0.4 47.0
Sebastes sp. 310 0.3 16.7
Gadus morhua 309 0.3 46.2
Liparus sp. 206 0.2 31.1
H. platessoides 165 0.2 21.2
M. aeglefinus 114 0.1 14.4
Anarhichus sp. 80 0.1 23.5
G. cynoglossus 40 <0.1 9.8
R. hippoglossoides 18 <0.1 9.8
Urophysis 14 <0.01 6.8
Limanda ferruginea 4 <0.01 1.5




|
48 -46

42 L ] | | I
-58 -56 -54 -52 -50
Figure 1. Survey area showing stations sampled during the 1998 pelagic 0-
group survey on the southern Labrador shelf, Northeast Newfoundland Shelf,
and Grand Banks. Each of the seven subareas are indicated. (ISN = inner
shelf, northern; BIBI = Belle Isle Bank; ISS = inner shelf, southern; FIFl = Funk
Island Bank; INSH = inshore; NGB = Northern Grand Bank; SGB = Southern

Grand Bank).
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