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ABSTRACT 

Sameoto, D., N. Cochrane and M. Kennedy. 2002. Seasonal Abundance, Vertical and 
Geogsaphic Distribution of Mesozooplankton, Macrozooplankton and Micronekton in the Gully 
and Western Scotian Shelf (1999-2000). Can. Tech. Rep. Fish. Aquat. Sci. 2427: v + 37p. 

This study examined changes in the abundance and community structure of mesozooplankton 
(animals between 0.2mm and 10mm length), macrozooplankton (animals between lcm and 4cm) 
and the micronekton (animals > 4 cm) in the Gully and on the western Scotian Shelf and slope 
duiing spring and fall of 1999 and 2000. Data from a variety of zooplankton sampling nets were 
used to describe the species composition and distribution of mesozooplankton, 
~nacrozooplallkton and ichthyoplankton in the regions. Acoustic backscattering from frequencies 
12, 15, 105, 153 and 200 kHz were used to map the relative abundances of macrozooplankton 
and fish in the two areas during the spling and fall. The acoustic data provided relative 
integrated acoustic values for the water column along the survey tracks on the shelf and Gully. . 
Patterns of 12 and 15 kHz levels demonstrated that during October 1999 and Aplil 2000 the 
highest values (and in turn the highest biomass) were located on the edge of the slope and that 
Gully levels were similar to those on the slope. This suggests that micronekton in the Gully were 
likely an extension of the slope ~nicronektor~ community. The dominant zooplankton gsoup on 
both the western Shelf and the Gully were the copepods, with the western Shelf having higher 
concentrations than the Gully during all surveys. In general there were only minor differences 
between the Gully and the western Shelf in the variety and abundance of the pelagic organisms 
examined in this study. The Gully had a larger population of the myctophid Berzt!zosemn 
glc~ciale than was found on the other regions of the slope, but since the number of samples 
collected was small too much weight should not be placed on this result. 

Sarneoto, D., N. Cochrane and M. Kennedy. 2002. Seasonal Abundance, Vertical and 
Geographic Distribution of Mesozooplankton, Macrozooplankton and Micronekton in the Gully 
and Western Scotian Shelf (1999-2000). Can. Tech. Rep. Fish. Aquat. Sci. 2427: + 37p. 

Dans l'etude decrite ici, on a examine les changements dans l'abondance et la structure des 
cornrnunautes de mesozooplancton (animaux ayant de 0,2 a 10 mm de longueur), de 
macrozooplancton (animaux ayant de 1 a 4 cm de longueur) et de micronecton (animaux de plus 
de 4 cm) dans le Gully ainsi que dans l'ouest du plateau neo-kcossais et sur le talus neo-ecossais 
au plintemps et en automne 1999 et 2000. On a utilise les donnees recueillies dans 
l'echantillonnage du zooplancton au moyen de divers filets pour declire la composition des 
especes et la distribution du ~nesozooplancton, du ~nacrozooplancton et de I'ichthyoplancton 
dans les zones considerees. La retrodiffusion acoustique des frequences 12, 15, 153 et 200 kHz a 
servi a etablir l'abondance relative du macrozooplancton et du poisson dans les deux zones au 
printemps et en automne. Les donnees acoustiques ont servi a produire des valeurs acoustiques 
integsees relatives de la colonne d'eau le long des transects de releve sur le plateau et dans le 



Gully. Les tendances de retrodiffusion it des niveaux de 12 et 15 kHz ont revel6 qu'au cours 
d'octobre 1999 et d'aviil2000 les valeurs les plus ilevees (et partant les plus fortes biomasses) 
se trouvaient sur le bord du talus colltinental et que les valeurs relevees dans le Gully etaient 
cornparables a celles du talus. Cela donne a penser que le n~icronecton du Gully etait 
vraisenlblablement un prolongement de la cornmunaute de rnicronecton du talus. Le groupe 
dominant de zooplancton tant dans l'ouest du plateau que dans le Gully Ctait celui des 
copepodes, mais ceux-ci etaient presents en concentrations plus grandes dans l'ouest du plateau 
que dans le Gully au cours de tous les releves. En general, les differences entre le Gully et l'ouest 
du plateau neo-ecossais pour ce qui est de la variete et de l'abondance des organisnles pelagiques 
examines dans l'etude n'etaient que mineures. On trouvait une plus grande population des 
poissons-lanternes Berztlzosemcr glncinlc dans le Gully que dans les autres regions du talus, mais 
comme le nombre d'echantillons recueillis etait bas, il ne faudrait pas accorder trop d'importance 
21 ce resultat. 





Seasonal Abundance, Vertical and Geographic Distribution of Mesozooplankton, 
Macrozooplankton and Micronekton in the Gully and Western Scotian Shelf (1999-2000) 

BY 

D. Sameoto, N. Cochrane and M. Kennedy 

Introduction 

The pui-pose of this study was to examine seasonal changes in the abundance and community 
structure of nlesozooplanktoll (animals between 0.2mm and 1 Omrn length), macrozooplankton 
(animals between 1 cm and 4cm) and the micronekton (animals > 4 c n ~ )  in the Gully and on the 
western Scotian Shelf and slope. Gordon and Fenton (2002) give a detailed description of the 
physical, geological and biological characteristics of the Gully. Zooplankton and micronekton 
data from the two regions were compared to look for differences that indicate that the Gully had 
unique features with regard to populations of these pelagic organisms. 

Sampling methods 

Area of st~1d.y 

The regions of study were the Gully and the Scotian Shelf and adjacent slope west of longitude 
61" W (Fig. 1). The Gully is a large shelf-edge callyon on the eastern Scotian Shelf. It is unique 
among canyons of the Eastern Canadian margin due to its great depth, steep slopes and extension 
far back onto the continental shelf (i.e. connecting the continental slope to the inner shelf 
(Hamison and Fentoil 1998). The entire Scotian Shelf and Gully were included in the acoustic 
surveys. 

Acoustic backscatter data from Cruises HUDSON 1999-054 (fall), PARIZEAU 2000-002 
(spring), and HUDSON 2000-050 (fall) were analyzed for extensive areas of the Scotian Shelf. 
Two acoustic frequencies were utilized simultaneously - either 105 or 200 kHz to delineate 
macro-zooplankton and fish and 12 or 15 kHz to delineate fish alone since macro-zooplankton 
do not backscatter at detectable levels at the lower frequencies. 

HUDSON utilized a roughly calibrated RAM-mounted E D 0  323B 12 kHz transducer of nominal 
30' (-3 dB to -3dB) beamwidth which was extended about 1 In below 7 m hull depth. Also used 
was a precisely calibrated and temperature conlpensated FURUNO 200-B transducer of nominal 
5.4' bearnwidth temporarily installed to hull depth through a standpipe in HUDSON'S aft 
"General Purpose" Lab. PARIZEAU utilized a broadband ( 12 - 20 kHz) ELAC LSE 179 
transducer at its optimum performance frequency of 15 kHz with a 12' nominal beamwidth and a 
105 kHz ROSS transducer of 3.5' beamwidth, both transducers permanently hull-mounted at 
about 5 m depth. 



Tunable DataSonics DFT-210 echosounders were utilized on all three cruises. Fixed sounder 
time variable gains (TVG 20 log R + Absorption) were applied to the raw echo voltages in real- 
time over profiling ranges of 5 - 500 m at 12 & 15 kHz and 2 - 200 m at 105 and 200 kHz. On 
HUDSON, transmit power levels were nominally 400 W at 12 kHz, and 2 kNT at 200 kHz. Pulse 
widths were 2 nls at 12 !sHz and 5 ms at 200 kHz, both used in combination with 1 kHz receiver 
bandwidths. On PARIZEAU, both channels transmitted at I kW power using identical 2 ms 
pulse lengths and 1 kHz receiver bandwidths. The ping repetition rate was 1 pingls, where high 
spatial-resolution real-time displays were required, and otherwise 1 ping/lO s. 

Data Recoldirzg 

Bandpass filtered and detected outputs from the DFT-210 sounders were decimated to 1 
pingIlOs, when necessary, and digitized to 12 bit resolution at rates of either 5 kHzIchanne1 
(Cruise 1999-054) or 2.5 kHz/channel (Cl-uises 2000-002 & 2000-050). On Cruise 1999-054, 
data was recorded to either 300 or 470 m maxinlurn range. 011 Cruises 2000-005 and 2000-050 
recording was extended to a 1040 nl to enable visual examination of deeper water fish 
concentrations. Data headers affixed to each acoustic ping included computer and GPS time. 
GPS position and speed, and ship's log speed. 

Data Alzctlysis 

Acoustic signals were examined in a time window correspondi~~g to 20 to 300 m target depth. 
Relevant acoustic data were initially pre-processed: Data were read, known offsets in DC levels 
removed, and time variable gains digitally extended, as required, to full analysis range, using 
fixed software spreading and absorption parameters matching the TVG characteristics applied by 
the sounder, then stored. Data were subsequently inspected for general quality using a custom 
gsaphics package. Sections displaying obvious sounder malfunctions, frequent extended 
outages, or extremely high noise levels arising from adverse sea conditions were rejected at this 
stage. 

The edited data sets were then processed using a software echo integration package. 
Approximate TVG con-ections were first refined. Echo levels were finely adjusted to transect- 
specific acoustic absorption coefficients as computed from measured temperature-salinity (TS) 
profiles (Francois & Galxison 1982a, 198%). Subsequently, echo integration was performed 
between depths of 20 and either 300 m - or to 2 m above acoustic bottom when shallower. The 
upper integration depth limit was occasionally increased to 30 m to reject deeply convected 
bubble plumes during stormy weather (Zedel & Farmer 1991). At 105 and 200 kHz, where the 
TVG ramped conlparatively rapidly due to larger absorption comnpensations, receiver front-end 
noise became significant between 200 and 300 m range. Prior to integration, squared echo 
amplitudes were corrected for receiver noise by subtractio~~ of a co~~esponding squared 
amplitude noise signal obtained by similar signal acquisition and processing over a 300 ping 
sample with the transmitter unpowered - negative differences permitted. This methodologj~ 
permitted va~iable bottom depths < 300 m to be easily accommodated in the noise con-ection 



process. Squared echo amplitudes for each available range bin were averaged over 10 pings (i.e. 
100 s assuming 1 ping110 s) with proper allowance for any missing bins due to bottom 
ti-uncation, then integrated vertically. After integration, appropriately scaled calibration factors, 
derived from the digitizer sensitivity, echosounder gains, pulse lengths and shapes, and 
transducer sensitivities, the latter including the effect of transducer temperature (200 kHz only - 
Sameoto et al. 1993), were applied to scale the integration result to depth-integrated volume 
backscatteling strength i.e. depth-integrated s, (non-logarithmic form) by the notation of Clay & 
Medwin (1 977). We henceforth refer to integrated s, by the notation s,,, the column or areal 
backscattering strength (also non-logaiithmic fonn). Finally any integsation results for which 
vessel speed dropped below 2 knots were rejected. Slow speeds signify a vessel drifting or 
stationary oil sampling stations where biological acoustic backscatter is frequently contaminated 
by scatteiing from sampling nets or bubble clouds churned up by the ship's propellers while 
station keeping. 

Firznl Editing 

Plots of s, vs. transect ping no. were visually inspected for shost duration high amplitude 
"spikes" arising from either sporadic bubble cloud noise bursts or brief losses of bottom track 
while passing over extreme bathymetry. Suspected "spikes" were velified by reference to the 
original echogsam sections, then removed. 

Acoustic survey conducted simultaneously at two sounder frequencies enabled graphical 
separation of backscatteling hoiizons of macro-zooplankton - mostly euphausiids or krill - from 
horizolls due to aggregations of pelagic fishes. Net sampling in the upper reaches of the Gully 
indicated the most common macro-zooplankton to be the euphausiid crustacean 
Megarzyctiplznrze.~ rzor13egicn. Though valiable in length, 2.8 cm constitutes a reasonable average 
(Sameoto et al. 1993). Maline crustaceans, in contrast to the majority of fishes, lack highly 
reflective gas-filled body cavities, but rather weakly backscatter sound by virtue of the slightly 
diffeling sound speed and velocity contrasts between their tissues and the sun-ounding seawater. 
Fig. 2 shows ensemble average theoretical acoustic target strengths for 2.8 cm length M. 
~zoniegicn vs. ensonification frequency using the Stanton et. al. (1993) fluid cylinder "Ray 
Model" and physical and orientational parameters previously used to model Scotian Shelf 
euphausiid of this size (Cochrane et al. 2000). Table 1 details predicted target strengths for the 
specific acoustic frequencies utilized. 

Reference to Table 1 shows acoustic target strengths differ by less than 1 dB between the highest 
frequencies, 105 and 200 kHz. At these frequencies euphausiids scatter in the so-called 
"geometrical" regime where their size is comparable to or geater than the acoustic wavelength. 
At the two lower observatio~l frequencies, 12 and 15 kHz, where the organisms scatter well into 
the "Raleigh" regime characterized by organism sizes much less than the acoustic wavelength 
target strengths fall by a minimum of 27 dB. The practical consequence is that even quite dense 
krill aggegations are totally invisible acoustically. i.e. characterized by echo levels below 
systeln or ambient backgsound acoustic levels. 

The discrimination of the highest acoustic frequency, 300 kHz, in regard to organism size is 
shown in Fig. 3. Orga~lisms shorter than approximately 2 cm, scatter in the Raleigh regime. 



Proceeding from 2.8 cm to snlaller 1 cm length organisms results in a target strength drop in 
excess of 10 dB. Organis~lls of 0.5 cm length have target strengths are roughly 20 dB lower than 
that characterizing an average size M. ~zorvegicn. 

Most fishes, by contrast, scatter sound strongly, largely by vistue of their gas filled internal 
swi~nbladders (Foote 1985). While the primarily, sharp swimbladder resonance no~mally lies 
well below acoustic echosounder frequencies, the swinlbladder itself scatters strongly in the 
geometiic regime due to its strong acoustic impedance contrast to enclosing body tissues. Fish 
body tissues also directly contribute to the backscatteiing at echosounder frequencies, but to a 
lesser degree. Empirical laborato~y measurements of fish acoustic backscatter have allowed 
formulation of empirical target strength (TS) relationships (McCartney and Stubbs 197 1, 
Goddard and Welsby 1986) of the general forn~: 

L is total (fish) length and A the ensonifying wavelength. a, b, and c are species dependent 
constants. The wavelength scaling parameter, b. has been assigned a wide range of values. 
Goddard and Welsby (1 986) report b values between -2.5 and -5.1 for a variety of gadoids and 
dogfish while McCartney and Stubbs (197 1 )  report -4.5, all measured at dorsal aspect. Taking 
the McCartney and Stubbs value of -4.5 as representative, the general formulatio~l above 
predicts 12 kHz target strengths about 5 dB lower than at 200 kHz. The target strength 
differential for fish between the "high" and "low" echosounder channels is seen to be at least 
22 dB less than that obse~ved for A4. norvegicu. High frequency echograms, relied upon to 
delineate both the locations and quantitative abundances of macrozooplankton, can be exanlined 
for possible contamination by fish backscattering by searching for acoustic horizons 
sirnultaneously visible at high and low acoustic frequencies. A convenient operational procedure 
is to overlay intensity modulated echograms at diffeiing frequencies, each displayed in a 
different primary colour (Cochrane and Sameoto 1987; Cochrane et al. 1991,2000). 

Table 1. Predicted average acoustic target strengths of 2.8 cm length M. rzotvegica. Density 
contrast g = 1.05, sound speed contrast, h = 1.03 (Ksgeler et. al. 1987), average horizontal 
orientation assumed with a 30' S.D. measured in 3-D space. 

Acoustic Frequency ( H z )  Target Strength (dB) 
12 -102.5 



Acoustic Doppler C~trrerzt Profiler (ADCP) 

The hull-mounted RD Instruments ADCP operating at a frequency of 153 kHz was used to 
continuously record acoustic backscattering during the two HUDSON cruises, namely the fall of 
1999 and the fall of 2000. Data from an earlier survey (April 1999) over the same transects was 
also included in the analysis. Data were recorded over a depth range of 12 to 300 m and were 
averaged into 30 s duration bins. The specific data used were the average raw amplitude counts 
from the four transducers. These data were reduced to profiles of volunle backscattering strength 
vs. water-column depth using the reduction procedures outlined by the ~nanufacturer (RD 
Instruments 1990). 

These procedures utilized instrument-specific calibrations supplied by the manufacturer, together 
with internal voltages and temperatures continuously recorded duting the cruise. Required 
acoustic absosption coefficients were conlputed using temperature and salinity data collected 
with regular CTD casts at all biological sampling stations. 

These data were converted to volume backscattering strengths at 4 m bin depth intervals and 
average backscatter per rn2 (s,,). Data were edited to remove bad values using similar rnethods as 
applied to the sounder data. 

Net Sa~nplilzg 

Three types of zooplankton nets were used to sample the organisms, a 0.75 m diameter 200 p111 
mesh ring net, the 20 crn diameter 200 lim bongo nets, and the BIONESS with 0.5m mouth area 
250 pm nets. The ring and bongo nets were towed in a vertical mode and the BIONESS was 
towed obliquely at a speed of 1.5 rids. A strobe light was mounted on the BIONESS that flashed 
continuously once every 10 s with the purpose of blinding organisms and thereby reducing the 
net avoidance reaction (Sameoto et al. 1993). The ring nets and BIONESS were towed to a 
rnaximum depth of 600 m or within 2 m of the bottom. Stratified 50 m interval samples were 
taken with the BIONESS at four stations in the Gully and in Emerald and Roseway basins 
stratified samples were taken at approxilnately 30 m intervals (station locations are shown in 
Fig. 4). All data were entered into the Bio/Chem database. The average integrated ~lurnbers for 
mesozooplankton were calculated from all stations sampled with all types of gear. The average 
integrated numbers for n~acrozooplankton and ichthyoplankton were calculated from data only 
collected with the BIONESS. 

Results 

The 1999 and 2000 fall surveys conducted at 12 and 200 kHz showed that for both frequencies 
depth integrated s,,, i.e. s,, values, in the Gully were lower than those measured over the entire 
western Shelf. The spring survey, conducted at 15 and 105 kHz, found the 15 kHz s ,  values 
were higher in the Gully than over the western Shelf, whereas the 105 kHz s,, values in the Gully 
were lower than those on the western Shelf (Table 2). To s u ~ m a i z e :  The Gully had lower lzigl? 
*fi-equelzcy s, values than the western Shelf du~ing all cruises. The Gully also had lower lo~v 



frequerzcy s,, values than the Shelf during the spring but higher values than the Shelf during the 
fall. 

The patterns of s,, for the various frequencies on each of the surveys over the entire Shelf are 
shown in Fig. 5. The Gully fall, 12 kHz s ,  values and the spring, 15 kHz s, values were similar 
to those observed along the slope. This suggested a similarity in the abundance and types of 
backscattering organisms in the Gully and on the slope. The s,, values in the Gully were not 
larger than those found on the slope, but they were generally higher than s, values on the Shelf 
during October, 1999 and April 2000. However, during October 2000 the 12 kHz s,, was higher 
on the Shelf than in the Gully. 

ADCP 

The ratio between the Gully s ,  and western Scotian Shelf s, for the spring and fall surveys 
showed that the western Shelf was co~lsistelltly characterized by higher s, values. The s ,  ratios 
between the two areas showed that the western Shelf had approximately three times the 
integrated backscattering measured in the Gully during the spring and fall (Table 3). Highest s, 
were generally found in the region of Emerald, LaHave and Roseway Basins (Fig. 6). 

Table 2. Integrated volume backscattering strengths (s,) at 12, 15 and 200 kHz in the Gully and 
western Scotian Shelf plus the ratio between s,, in the two regions. 

/ Scotian Shelf / 

Date Cruise 

Oct. 1999 
' 6  

Table 3. Integrated volume backscatteri~lg strengths (s,) measured with the ADCP at 153 kHz in 
the Gully and western Scotian Shelf, plus the ratio between the s, in the two regions. 

Apr. 2000 
' 6  

1 Date / Cruise 1 Western / Gully 1 Frequency 1 Gully s,/NSS s ,  1 

99054 
99054 

s, backscattering per 1n2 

200002 
200002 

Frequency 
Western 

8.16E-06 1 6.05E-06 
1.llE-05 I 4.40E-06 

Gully s,,/NSS s,, 
Gully 

4.00E-04 
1.3OE-04 

12 
200 

0.74 
0.40 

6.88E-04 15 1.72 1 
0.44 5.7OE-05 105 



Mesozooplmzktorz aizd nznc~ozooplnizktoiz 

The dominant ~nesozooplankton in both the Gully and western Scotian Shelf regions were 
copepods with the Shelf displaying higher column densities, i.e. integrated no. per m', on each of 
the three surveys (Table 4 and Fig. 7). The abundance of different stages of the three main 
Cc~larz~ls species, C. firzmnrclzicus, C. glncinlis and C. Iz~pel-boreus were compared in the two 
regions to determine if the Gully populations were in anyway different than the Shelf 
populations. In the spring the Gully had a slightly higher number of stages 1 and 2 of C. 
firznznr-clzicus than the Shelf, which suggested that in the Gully reproduction occul-red later in the 
year. There were no significant differences in the other two species in the spring between the 
two regions (Fig. 8). In the fall the Shelf had a higher abundance of all three Calnrzus species 
(Fig. 8).  The most abundant copepod genus on the Shelf and in the Gully during April was 
Oithorza. In October Oithorza and Ceiztr-opages were the dorninant copepods in both regions 
(Fig. 9). 

In the spring, the dominant 11011-copepod group of invertebrates in both regions was the 
appendicularians (Table 5). During the fall of 1999 appendicularians were nlost abundant in the 
Gully and on the Shelf, but duling the fall of 2000 salps were the most abundant g o u p  in both 
regions (Fig. 10). 

Iclztlzyoplarzktoiz and juvenile fish 

In the spring the sand lance, Amnzodytes, dominated the ichthyoplankton in the Gully and was 
much more abundant in the Gully than on the Shelf. The mesopelagic lnyctophids Berztlzosenzn 
and Cyclothoize were the next most abundant genera of fish. On Shelf slope Beiztlzosemn was the 
dominant genus with no Cyclothones collected on the Shelf slope (Fig. 11). 

In the fall of 1999 the Gully was dominated by the silver hake Merl~iccius, whereas in the fall of 
2000 there were no Mei-l~~ccius collected in the Gully although they were common on the Shelf. 
The dominant ichthyoplankton genus on the Shelf in the fall of 2000 was the longfin hake, 
Uroplzycis, but it was not found in the Gully (Fig. 11). 



Table 4. Mesozooplankton taxon abundance per m2 in the Gully and Western Scotian Shelf 
(WSS) during the fall and spring surveys. 



CHIRIDIUS 
CLA USOCALANUS 
CL YTEMNESTRA 
CORYCAEUS 
CYCLOPOID 
EUCALANUS 
EUCHAETA 
EUCHIRELW 

4 
460 
311 

13 
191 

4349 
8399 
2253 
1179 

2417 
1652 

102 
77 
43 

18 
2186 
144 

452 
10259 
2498 

9282 

276 1 
1971 

129 
6580 
272 

30 
329 

376 
7310 
709 
306 
2784 
364 
737 



Table 5. Macrozoopla~~kton taxon and ichthyoplankton abundance per m2 in the Gully and 
Western Scotian Shelf (WSS) during the fall and spring surveys. 



Table 6. Genera and species list of all organisms collected in samples on the entire Scotian 
Shelf (SS) and Gully during the spiing and fall of 1999 and 3000. Presence is indicated by X 
and absence by a blank. 

1 CTENOPHORA X X 
I 

1 TOMOPTERIS I X 1 X I X 1 X 1 

SIPHONOPHORA 

POLYCHAETA 
UNIDENTIFIED 

X UNIDENTIFIED X X 

X 

TOMOPTERIS HELGOWNDICUS 

TOMOPTERIS SEPTEATRIONALIS 

i CLIOlVE LIMA CIATA 
I I I 

X 

X 
X 

X 

COPEPODA 
UNIDENTIFIED 

A CAR TIA 

X 

AEGISTHUS MUCRONATCrS 

AETIDEIDAE 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 



ANOMALOCERA PATERSOlVI 

CALANUS FINMARCHICUS 

CALAlVUS GLACIALIS 

1 CErWROPAGES BRADYI 
I I I 

X X 1 
CANDACIA ARMATA 

CENTROPAGES 

X 
X 

X 
X 

1 CYCLOPOIDA 
I I 1 1 

X 
X 

X 

EUCALANUS 
EUCALANUS ATLANTICUS 

EUCALANUS ATTENUATUS 

/ GAETAIVLTS MILES X 

X 

X 

EUCALA rVUS ELONGA TUS 

EUCHAETA iVORVEGICA 

1 

X 

X 
X 

X 

X 

X 

GAETANUS MINOR 

X 

X 

I 

X 

X 

LUBBOCKIA ACULEATA 

X 

X 

MACROSETELLA OCULATA 

MECYrVOCERA C U  USI 

X 

X 

X 
X 

X 

X 

X 

GAIDILTS TErVLrISPIiVUS 

LUBBOCKIA SOUILLIMAh7A 

X 

X 

X X 

X 

I I 

X 

X 

X 

1 X 

X 

X 

X 



I OITHONA ATLANTICA I x i x I x I x I 

OITHONA SIMILIS 

OfVCAEA 
I ONCAEA BOREALIS 

ONCAEA MEDIA 

PARACAWNUS PARVUS X 
PHAENNA SPIfVIFERA X 

X 
X 
X 

X 

PARACALANUS 

PARACALANCTS ACULEATUS 

SCAPHOCAWNUS X X 
SCAPHOCALANUS BREMCORArIS X X 
SCAPHOCALAiVUS ECHIMTUS X 

SCAPHOCALANUS IWEDIUS X 

X 
X 

X 
X 

SCOLECITHRICELLA ABYSSAL13 X X 
SCOLECITHRICELLA MINOR X X X X 

X ONCAEA VEIVUSTA 

I CTNDEUCHAETA MAJOR 1 X 1 1 1 1 

X 
X 

X 
X 

/ LrfVDECICHAETA PLUMOSA 1 X 1 1 1 1 

X 
X 

X I X 

X 
X 

X 



CUMACEA I 1 I I 

I 
1 ISOPODA 
UNIDENTIFIED x i 

UNIDENTIFIED 

AMPHIPODA 1 1 1 I 

X 

THYSANOESSA RASCHI X X X X 
THYSANOPODA X X X X 

I 

DECAPODA 
UNIDENTIFIED X X X 
A CANTHEPHYRA P URP UREA X 

I I 8 I 

BRACHYURA X X X 
CARIDEA X 
EUALCTS X 



PASIPHAEA MULTIDENTA TA 

SERGIA ROBCISTA 

X 

X 
I 

1 

BRYOZOA 

X X 

UNIDENTIFIED 

ECHINODERMAT4 
UNIDENTIFIED 

X 
X SERGESTES ARCTICUS 

X 

ASCIDLACEA 
UNIDENTIFIED 

X 

SALPA 

X 

X 

X 

SA LPA MAXIMA 
SALPIDAE 

X 

i J 

X 

X 

SALPA FUSIFORMIS 

X 

OSTEICHTHYES 1 

X 

X 

I 

X 

X 

X THALIA DEMOCRATICA 

AWIMODYTES 

X 

X 
X 

X 

UNIDENTIFIED 
X 

BEArTHOSEMA GLACIALE 
CITHARICHTHYS ARCTIFRONS 

J 

X X 

I 

X 

X 

X AMMOD YTES AMERICANUS 

X CYCLOTHONE BRA UERI 

I 

/sun1 of taxa 

X 

X 
X 

X 
, 

X 
I 

GONOSTOMATIDAE 
LUMPENCiS MACC'LA TUS 

DIAPHCIS 
X 
X 

X 

141 

X 

X j 

X 
X 

95 91 142 



Acoustic backscatter-ilzg irz the Gully 

The acoustic survey cruise tracks within the Gully crossed the Gully perpendicular to its long 
axis thereby sampling all depth strata (Fig. 12). The 105 and 200 kHz acoustic data during both 
the spring and fall surveys showed high s, values in the northern shallow arms of the Gully with 
the lesser s, values in the central and southern regions of the Gully (Figs. 13 and 14). BIONESS 
sanlpling in these regions showed that the high s, regions were those with high euphausiid 
populations. The low frequency (12 and 15 kHz) data indicated that, dui-ing both surveys, there 
were large populations of fish in regions where the depth was greater than 500 nl (Figs. 15 and 
16). Sampling showed these were the ~nesopelagic fish Berztlzosenzn glacinle and Cyclotholze 
spp.. Fish echoes at 12 and 15 kHz were consistently seen near the bottom at depths between 
500 and 1000m. These fish echoes were most concentrated in regions with steep crevices with 
higher echo concentrations on the western side of the Gully (Fig. 17). Euphausiids were 
concentrated in the northern alms of Gully that extend onto the Shelf while copepods, in 
contrast, were unifo~lnly distributed throughout the Gully stations (Fig. 18). The mesopelagic 
fish distribution was centered in the mouth of the Gully and extended onto the slope. The 
distribution patterns for these animals were similar in the spring and fall of 2000. 

In October 23, 2000 the ship was on station on the Scotian slope at longitude 61.16" W and 
latitude 42.24" N between the hours of 14:59 and 10:30. During this period vile recorded the 
acoustic backscatter from the diurnal migration of mesopelagic organisms using the 12 kHz 
sounder. Fig. 19 shows the migration pattern of organisms migrating from a depth of 
approxin~ately 400m starting at about 15:OO hr AST and reaching a depth of approximately 25 by 
about 19:00 hr. After 19:00 hr the main concentratio~l of animals in the layer- was located at a 
depth of 50 m with animals reaching the surface layer; organisms started their downward 
migration around 04:30. The principle group of animals that were collected in this migrating 
layer was the mesopelagic fish, Belztlzoselna sp. It is know from past sampling that these fish 
migrate to near the sui-face at the night to feed (Saineoto 1988). 

Discussion 

Acoustic surveys provided high-resolution data on the vertical and geographic distributions of 
pelagic organisms over a wide size range. The 12 and 15 kHz acoustic data allowed the mapping 
of fish distributions in the larvae to adult size range. Unfortunately, we are unable to determine 
either the size or species of fish from acoustic data. Nevei-theless, BIONESS sampling did 
provide infoimation on organisms responsible for a portion of the acoustic backscatteiing at 12 
and 15 kHz. However, the BIONESS is limited in the size of animals it is able to capture and the 
larger species of fish responsible for most of the 12 and 15 H z  backscattering were not 
collected. Biomass estimates for the rnicronekton are likely minimal estimates because of the 
avoidance of the BIONESS by larger organisms. The patterns of 12 and 15 kHz s ,  levels 
demonstrated that during October 1999 and April 2000 the highest s, values (and in turn the 
highest biomass) were located on the edge of the slope and that Gully s,, levels were similar to 
those 011 the slope. This suggests that rnicronekton in the Gully were likely an extension of the 



slope rnicronekton com~nunity. In October 2000 the pattern of 12 kHz s,, was different from that 
observed in October 1999. The s, levels on the central shelf appeared to be much higher in 3000 
than in 1999, however in 1999 we had less comprehensive 12 kHz sounder coverage of the 
western shelf due to technical difficulties. 

The 200 kHz sounder provided excellent information on the abundance and distribution of 
macrozooplankton. The dominant macrozooplankton on the shelf and slope responsible for the 
clearly observed and quantifiable acoustic backscattering are euphausiids and amphipods. Many 
of the other types of macrozooplankton collected backscatter at very low levels at 200 kHz and 
their contribution to the total so is usually very small compared to that of the euphausiids and 
amphipods. The pattern of 105 and 200 kHz s, during surveys showed the levels were highest on 
the central and western Shelf with the Gully generally having lowel- levels than these areas but 
being much higher than the eastern Shelf. The 105 and 200 kHz s,, in the Gully was similar to 
that found along the slope for each of the surveys. 

The ADCP derived s,, showed similar patterns to those seen for the 105 and 200 kHz 
conventional echosounder derived s,, on the Shelf. The ADCP data were truncated at the edge of 
the shelf, with no data presented over the slope regions. The highest s, levels were observed 
duiing the April 2000 survey over the western Shelf region. The s,, levels in the Gully during 
April 2000 and October 1999 were much lower than those found on the western Shelf but higher 
than levels measured on the eastern Shelf. During October 2000 the Gully had some of the 
highest recorded s,, levels measured during the survey. We do not know which organisms were 
responsible for these high s, levels. 

The dominant zooplankton group on both the western Shelf and the Gully were the copepods, 
with the western Shelf having higher concentrations than the Gully during all surveys. One of 
the most important copepod genus in the region is Cnlarzus and for this reason the growth stages 
of the three species of C. Jirzr.rzarchicus, C. glncinlis and C. hyperboreus were examined in detail. 
The growth stages can provide infoimation about the region of origin of the populations, such as 
offshore or from on the Shelf, and the timing of reproduction. In April, the population of C. 
finmar-clzicus in the Gully was a little larger and younger than on the western Shelf. The largest 
numbers of animals were found in the northern end of the Gully. This indicated that the Gully 
population of C. Jirznzarclzicus likely originated from the eastern Shelf. In October, the 
population of C. jifilzrnal-clzicus was higher on the western Shelf than in the Gully, however, this 
could have been an artifact of the BIONESS sampling which was limited to a depth of 600m in 
the Gully. Other studies (Sameoto and Her-man 1990) have shown that over-wintering C. 
jirzr~zarclzicus populatiolls can extend to depths greater than 800111, therefore a portion of the 
population in the Gully may have been missed whereas the entire population would have been 
sampled on the Shelf. Data from the three surveys did not indicate that the Gully was a region of 
abnor~nally high concentrations of Cnlnfilzus species. 

The most abundant genera of copepod in both the western Shelf and Gully were Oithorzn and 
Celztropnges from a total of approximately 43 genera. The numbers of species of copepods 
found in the two regions was similar in both April and October. 



The number of macrozooplankton groups was similar in the two regions during April. In 
October the western Shelf had a few inore groups than the Gully but this was likely due to a 
greater number of sanlples being taken on the Shelf. In general there was no significant 
difference between the two regions with regard to the types and abundance of macrozooplankton. 

There was little difference in the numbers of ichthyoplankton taxa in the two regions in April and 
October. Cyclotlzo~ze spp. were only collected in the Gully and Ur-o~~lzycis spp. were only found 
on the Shelf. 

In general there were only minor differences between the Gully and the western Shelf in the 
vaiety and abundance of the pelagic organisms examined in this study. The Gully did have a 
larger population of the inyctophid Belzthosemcr than was found on the other regions of the slope, 
but since the nunlber of samples collected was small too much weight should not be placed on 
this result. The shallower northern a m s  of the Gully bad populations of euphausiids, mainly M. 
rzor-vegica, that were as high as those seen in LaHave and Emerald basins, making this region one 
of the more important areas of euphausiid production and /or accumulation. This study only 
sampled during two seasons, the spring and the fall, therefore we know virtually nothing about 
the species composition or abundance of the pelagic zooplanktoil and micronekton communities 
during the other seasons. The micronekton community was only marginally sampled with the 
BIONESS. In order to understand this important component of the pelagic system a seasonal 
sampling progain with fine mesh midwater trawls should be done in addition to the BIONESS 
sa~npling. We were limited to a sampling depth of 600 nl with the BIONESS and 1000 m with 
the lower frequency acoustics during this study. In the future acoustic and net sampling gear 
should be capable of sampling to a depth of at least 2000 m, because many organisms in the 
Gully vertically migrate to near the surface from depths in this range. 
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Fig. 2. Ensemble target strength of 2.8 cm 1- M. norwegica vs. ensonification 
frequency. Stanton et. al. (1 993) "Ray" cylinder model, physical parameters g = 1.05, 
h = 1.03. Average horizontal cylinder orientation with 30' S.D. measured in 3-D space. 

Fig. 3. Target strengths of variable length cnrstaceans with shape conforming to that of 
M. norvegica at 200 kHz. Stanton et al. (1993) "Ray" cylinder model, physical 
parameters g = 1.05, h = 1.03. Average horizontal cylinder orientation with 30' S.D. 
measured in 3-D space. 
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Fig. 4. BIONESS (triangles) and ring net (circles) stations on the Shelf and 
Gully during spring and fall 2000. Contours are 200m depth. 



r ! ,  

-*& !5 

Fig. 5. Sv values for 12, 15 and 200 kHz acoustic surveys on the Scotian shelf and slope. 



Fig. 6. ADCP Sa values per d for entire Scotian Shelf and Gully during April and 
October 1 999 and October 2000. 
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Fig. 7. Numbers per d of various groups of zooplankton in the Gully (blue bars) 
and in the western Scotian shetf (red bars). 
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Fig. 8. Numbers per m2 of stages of Calanus finmarchicus, C. glacialis and C. 
hyperboreus for the Gully (blue bars) and western Swtian shelf (red bars). 
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Fig. 9. Numbers per m2 of stages of various copepod genera for the Gully 
(blue bars) and western Scotian shelf (red bars). 
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Fig. 11. Numbers of larvae and juvenile fish genera per m2 in the Gully (blue bars) and western Scotian shelf 
(red bars). 
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Fig. 12. Acoustic survey cruise tracks for the spring and fall 2000 in 
the Gully. Dark blue represents greater water depth. 
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Fig. 13. Sv values from 105 kHz with depth along the Gully cruise track in April 2000. 
Red represent high values and blue low values of Sv. 
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Slope Shelf 

Fig. 14. Sv values from 200 kHz with depth along the Gully cruise track in October 2000. 
Red represent high values and blue low values of Sv. 
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Fig. 15. Sv values from 15 kHz with depth along the Gully cruise track in April 2000. 
Red represent high values and blue low values of Sv. 
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Fig. 16. Sv values from 12 kHz with depth along the Gully cruise track in October 2000. 
Red represent high values and blue low values of Sv. 



Fig. 17. A example of 15 kHz backscattering from fish near the bottom of the 
Gully. The horizontal distance of the fgure is approximately 9 km. 



Fig. 18. Numbers of C. finmarchicus, total euphausiids and mesopelagic 
fish per m2 on BIONESS stations in the Gully. Red bars present April, 2000 
and green bars are values from October, 2000. 
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Fig. 1 9. Echogram recorded at 12 kHz showing the diurnal vertical migration of 
mesopelagic fish on the slope of the Scotian shelf. The color scale for the intensity ot 
the echos and the abundance of fish ranges from dark blue (low levels) to high levels 
(top panel). Time is shown on the top of the figure. The bottom panel is an enhanced 
false colour image that shows the layer reached the surface. 


