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ABSTRACT

Haegele, C. W. and J. F. Schweigert. 1985, Herring stock estimates from
diving surveys of spawn and related studies in Lambert Channel in 1983.
Can. MS Rep. Fish., Aquat. Sci. 1850: 37 p.

Diving surveys of herring spawn were made in Lambert Channel between
March 1 and 21, 1983. Spawn samples collected on transects and survey data on
spawn length and width were used to estimate egg numbers. The number of eggs
estimated corresponds to 4331 t of spawners in Lambert Channel in 1983. Spawn
was deposited along 10.8 km of shoreline on Denman Island and 7.4 km on Hornby
Island with spawn heaviest near the centre of the spawns and near the middle
of the depth range. A further 79 t were estimated to have died and sunk to

the bottom over the 4.8 km? area fished by gillnets. Estimates of egg loss
to bird predation did not exceed 5% of total spawn.

Key words: Pacific herring, spawn, diving survey, stock assessment,
predation, dropout

RESUME

Haegele, C. W. and J. F. Schweigert. 1985. Herring stock estimates from
diving surveys of spawn and related studies in Lambert Channel in 1983.
Can. MS Rep. Fish. Aquat. Sci. 1850: 37 p.

Des plongées ont &té effectues dans le chenal Lambert entre le
1€ et le 21 mars 1983 pour faire des relevds sur les oeufs de hareng. Des
&chantillons d'oeufs prélevés sur les transects et les donndes des relevés sur
la Tongueur et la largeur des oeufs ont servi 3 &valuer le nombre d'oeufs. Le
nombre estimé correspond & 4 331 t de reproducteurs dans le chenal Lambert en
1983. Les oeufs ont &té déposés sur 10,8 km du rivage de 1'ile Denman et sur
7,4 km de 1'Tle Hornby; ils &taient surtout concentrés au centre des frayéres
et prés de 1a moitié de la gamme des profondeurs. On a &valué d 79 t les
oeufs qui sont morts, puis ont coul@ au fond sur les 4,8 km2 exploités aux
filet maillants. Les estimations des oeufs perdus 3 cause de la prédation des
oiseaux ne dépassaient pas 5% du nombre total d'oeufs.

Mots-cl1és: hareng du Pacifique, oeufs, plongée de relevé, evaluation des
stocks, prédation, perte



INTRODUCTION

Lambert Channel, between Denman and Hornby islands in the Strait of
Georgia (Fig. 1), is one of the major herring spawning areas in British
Columbia. This channel has also been the source of the bulk of the roe
herring catch in the Strait of Georgia in recent years. Diving surveys were
conducted in Lambert Channel in 1983 to determine the optimal sampling design
for herring spawn surveys by divers (Schweigert et al. 1985). During these
surveys a 2 km. portion of coastline was sampled intensively. As well, the
remainder of the spawn in Lambert Channel was surveyed at a Tower intensity to
obtain an estimate of total escapement. An estimate of gillnet "dropout" was
also made for comparison with 1981 results (Hay et al. 1982). In this report
we make estimates of escapement and dropout in Lambert Channel. As well, the
distribution of eggs is determined and our survey results are compared to
those obtained by Fishery Officers in their annual routine monitoring of
herring spawns.

METHODS

Herring spawns were surveyed independently by Fishery Officers and
SCUBA divers. Fishery Officers collected survey data from the surface from a
boat by grappling for spawn and by walking the beach at low tide. From these
observations, the length and width of spawns, the average Tayers of eggs, and
bare areas were estimated (Chalmers 1983).

The spawn survey by divers was a two-stage sampling design.
Transects perpendicular to the beach were the primary sampling unit and
0.50 m2 quadrats sampled along the transect line were the secondary sampling
unit. For each quadrat divers made observations on the percent cover of the
vegetation, dominant vegetation type, average layers of eggs and depth. Depth
was Tlater corrected to chart datum from water Tlevels observed at Point
Atkinson (Tides and Currents, Institute of Ocean Sciences, Sidney, B.C.). At
all quadrats, except on transects 45 to 58 (Longbeak Point), samples were
collected. Samples consisted of all the rooted or attached vegetation, and
the eggs adhering to it, within the quadrat. These samples were separated by
vegetation classes (Haegele et al. 1979) into fractions, which were then
weighed. Except for quadrats on transects 33 to 44 (Komas Bluff) a weighed
subsample of fractions was preserved in a 1 L jar for subsequent egg
enumeration. For quadrats with preserved samples (Fillongley Park, Whalebone
Point, Phipps Point, and Ford Cove), eggs on vegetation were estimated by
counting all eggs in a weighed subfraction of the 1 L preserved sample. For
samples with biomass information but no preserved sample (Komas Bluff), eggs
on vegetation were estimated from a model (modified from Schweigert and
Fournier 1982) incorporating layers of eggs, vegetation type, and biomass of
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vegetation and attached eggs. For quadrats with only diver observations
(Longbeak Point), eggs on vegetation were predicted from a model (modified
from Schweigert and Fournier 1982) incorporating layers of eggs, vegetation
type, and percent cover of vegetation. Eggs on the bottom substrate (rock,
cobbles, etc.) were estimated from diver observations, within the quadrat, of
layers of eggs and the percent of the bottom covered by eggs (Haegele et al.
1979:9) and added to eggs on vegetation. '

Transects were established at every 100 m for Fillongley Park and at
approximately 250 m for the remainder of the survey area. Quadrats were
located at 20 m intervals along transects, except when transects were < 80 m
Tong, in which case they were located at 10 m intervals. The mean egg density
and 95% confidence intervals were calculated for each of the six spawn units
and transect means were weighted by the transect length in determining this
mean. :

The inner and outer edge of spawns were determined from measurements
along transects and the end of spawns beyond the outer transects were
determined on exploratory dives. This information was plotted on maps of
marine vegetation at a scale of 1:6000 (Haegele and Hamey 1981), the
boundaries of the spawn contoured, and the area of the spawn measured using an
Apple graphics tablet. Spawner biomass (tonnes) was estimated as the product
of spawn area, egg density, and 10-8, which assumes 200 eggs-gm-1 female
weight (Hay 1985) and a 1:1 sex ratio. The area of spawn by 1 m depth
interval was similarly determined. Mean percent cover, mean egg layers and
mean eggsem-Z2 were calculated for depth intervals from samples obtained
within the 1 m interval. '

A gillnet roe fishery was conducted along the Denman Island shore
during early spawning (February 27 to March 1). To estimate “"dropout" fish
that were killed (Hay et al. 1982), dead fish within 1 m on one or both sides
of the transect 1ine were counted by divers in the Fillongley Park section.
Dead fish were summed by 100 m distance intervals from shore and an estimate
of total dropout was made, assuming 8 km of shoreline was fished and fishing
occurred within 600 m of shore, an estimate made from observing the fishing
fleet.

RESULTS

BIOMASS ESTIMATES

The spawher biomass for Lambert Channel was determined from results
of the diving survey (Table 1). The diving survey results were compared to
the Fishery Officer survey results for Lambert Channel (Table 2).




There were six spawns identified from the diving survey (Figs. 1 to
7). Along the Denman Island shore 3526 t spawned in a first wave between
February 27 and March 4, 1985 and along the Hornby Island shore 805 t spawned
in a second wave on March 14, 1985 (Table 1). The 95% confidence interval for
the egg density estimates was within 21% (Fillongley Park) and 62% (Longbeak
Point) of the mean. The 1985 roe fishery harvested 10,052 t in Lambert
Channel, hence the total stock was 14,383 t. |,

Fishery Officers described the Lambert Channel spawn in 19 patches
(Table 2). Relative to the diving survey estimates, Fishery Officer estimates
of (1) length were 1.26-diver length, (2) width were 0.54.diver width, (3)
area, which was corrected for bare patches, were 0.47.diver area, and (4) egg
layers were 3.73+diver layers.

SPAWN DISTRIBUTION

Spawn was deposited along 10.75 km of shoreline on Denman Island and
along 7.38 km of shoreline on Hornby Island and between 3 m below and 3 m
above chart datum. Egg density along the two shorelines, in terms of layers
of eggs, was higher near the centre of the spawns than near the ends of the
spawns (Figs. 8, 9). The differences were in most cases not significant. The
distribution of spawn by depth was calculated separately for Denman and Hornby
islands (Table 3) because spawn density in the +1 to +2 m depth interval was
significantly higher on Denman Island than on Hornby Island (Table 4).
Negligible amounts of spawn were deposited outside -2 to +2 m and 75% of the
spawn was deposited below +1 m (Fig. 10). Percent cover of vegetation and
layers of eggs were significantly higher in the middle of the depth range than
in the upper and lower portion of the spawn and hence egg density (eggs-m-2)
was also significantly higher there (Table 5; Fig. 11).

The mean tide level during the incubation period (March 1 to 18 for
Denman Island and March 14 to 28 for Hornby Island) was 3.4 m. The highest
and lowest tide level was 5.1 and 1.1 m, respectively (Fig. 12). Hence, none
of the spawn below +1 m was exposed during incubation. Spawn above +2 m was
exposed a maximum of 31.3% of the incubation period for Denman Island and a
maximum of 34.4% of the time for Hornby Island (Table 6). Spawn below +2 m
was exposed a maximum of 4.4% of the time for Denman Island and 9.4% of the
time for Hornby Island. Daylight (05:00 to 19:00 hr) exposure was generally
half of total exposure (Table 6), and bird predation of eggs was observed to
be Timited to exposed spawn during daylight. Hours of exposure from the
beginning of spawning to the time the survey was completed was less than total
exposure (Table 6), hence surveys were completed before maximum predation had
occurred.



DROPOUT

Dead herring were found on the bottom on each of the 18 transects
that were examined for the incidence of dropout (Table 7). Extrapolating
observed dead fish density over the area fished, an estimated 476,000 herring
were killed but not landed in the fishery. Based on an approximate conversion
of 6000 herring per tonne this was equivalent to 79 t or 0.9% of the gillnet
catch. Average density of dead fish was not high at 0.1 fish® m-2

DISCUSSION

Our egg estimates are likely to be lower than actual deposition
because some eggs are removed by predators and some eggs are knocked loose
from the vegetation by wave action. No major storms occurred during the
incubation period and few eggs were observed washed up on the beach so loss
due to wave action was probably small. However, a large number of gulls were
observed to feed on exposed spawn during daylight hours. No estimate of the
gull population feeding on herring spawn in Lambert Channel is available,
however only spawn above +1 m was available for predation and only spawn above
+2 m for any length of time. Since 95% of the spawn area was below +2 m and
73% was below +1 m and since egg density was not significantly Tower between
+2 and +1 m than between +1 and 0 m, it is reasonable to conclude that perhaps
much of the spawn above +2 m is eaten by birds and a small amount of the spawn
between +2 and +1 m is eaten by birds. Overall, this should not amount to
more than 5%. Similarly, eggs from "dropout" fish may not be included in the
estimate, but this also is a small amount. Assuming 5% egg loss prior to the
survey and that none of the "dropout" fish spawned, then up to 4,623 t may
have spawned in Lambert Channel.

Our estimate of "dropout" fish is similar to one made for the same
area ip 1981 (Hay et al. 1982). The 1981 estimate was for 84 t over a
4.5 km~ area, our 1983 estimate was for 79 t over a 4.8 km2 area. For
the two years this represented 1.7% and 0.9% of the gillnet catch. This
wastage does not seem unreasonably high for a fishery conducted with nets.

Egg density was higher near the centre of the spawns than at the
ends which probably was the result of fish starting to spawn near the centre
and spreading from there as spawning continued. Spawn was also densest at the
middle of the depth range over which it was deposited. Since the percent
cover of the vegetation was also highest there, this suggests that herring
selected the best developed vegetation for spawning but as more fish
congregated near the beach to spawn, some of them were displaced shoreward and
seaward, The egg distribution observed at Lambert Channel has also been
documented in spawns surveyed by divers on the north coast (Schweigert and
Haegele 1984), in Barkley Sound (Haegele and Schweigert 1984) and on the west
coast of Vancouver Island (Haegele and Schweigert 1985) and seems to be
generally applicable to British Columbia herring spawns.
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Table 1. Survey information and estimates of egg density and spawner biomass for 1983 herring spawns
in Lambert Channel.

Length  Area No. of No. of Eggs-m‘z-lo‘3 Tonnes of spawners
Location (km) (ha) transects observations (95% C.I.) (95% C.I.)
Longbeak Point 2.83 55.27 14 182 157a 871
(60-255) (332-1409)
Komas Bluff 3.00 40.55 12 104 213b 864
(133-293) (541-1186)
Fillongley Park 2.00 76 .81 21 378 179 1376
(142-217) (1089-1664)
Whalebone Point 2.92 36.44 11 51 114 415
(60-168) (218-612)
A1l Denman Is. 10.75 209.07 58 715 - 3526 (;
I
Phipps Point 4,29 47 .86 16 98 132 631
‘ c (90-174) (429-833)
Ford Cove 3.09 10.97 12 50 158 174
(85-232) (94-254)
A1l Hornby Is. 7.38 58.83 28 148 - 805
A1l Lambert Ch. 18.13 267 .90 86 863 - 4331

aEgg density predicted from observations of layers of eggs, vegetation type and percent cover

of vegetation.

bEgg density predicted from observation of layers of eggs and vegetation type and from biomass
of eggs and vegetation.

No spawn was observed on two additional transects (B3 and B5 in Fig. 7).




Table 2. Cawparison of diver survey ard Fishery Officer survey results for 193 herring spawns in Latbert Chanrel .

Diver Fishery Officer F.0./Diver
lergth  Av. tramsect Area length  Width Ares”

Location Tramsects  (m) Tergth (m)  (ha)  Av.laers  (m) (m) (ha) Layers Llength Width Area Layers

Longbeak Point - No spawn 636 9 003 10 - - - -
5753 yosd) % 2,0 0.4 457 3 0.2 4.0 16 02 011 10.%
48-56 400 e 497 0.8 237 YA 1.8 40 1.9 008 003 49
4547 550 R 11,20 11 72 14 0.0 40 142 006 00 38
s B0 36 %Z 08 &2 B 1% 3® 1R 00 0@ 46
Kares Bluff a4 X0 pasih 8.18 1.2 438 14 00 40 08 00 00 3,23

' 3 0 B 451 23 No spawn - - - -
4042 50 40 8.3 14 731 114 52 50 146 05 06 360
36-39 1100 143 13,12 13 1372 5 564 7.0 1.5 038 043 530
3B 70 102 6.3 0.6 731 % 1.6/ 50 097 04 05 83
344 0 300 162 40,55 13 KC7s 63 1234 5% 1.6 03 05) 4,65
Fillongley Park 1-12 150 3 3.3 1.1 1280 o4 4,0 50 1.1 01 011 467
1321 &0 469 3.46 1.3 13 58 3B 40 15 117 o091 301
1-21 400 39 76.81 1.2 2% 30 4018 4,1 130 08 052 33
Whalebone Point 225 1100 146 B0 03 e 59 468 40 1% 3.h 187 4,76
5-32 J15%0) 66 11.44 0.7 21% a 003 15 121 13 08 231

- No spawn A T 8d% 50 - - - -
21-32 820 B .4 0.7 73712 171 6498 3724 252 18 178 5,00
Dermen IsTlad 1-58 10750 54 48,07 1.1 17601 1% 188 412 16 05 057 376




Table 2 {oont'd)

Diver Fistery Officer F.0./Diver
: Av. trarsect  Area length  Width Area”
Location Trarsects  (m) legth(m) (a) Av.laers (W) m (ha) layers lergth Width Area Llayers
Phipps Poirt &-30 1650 Bl 23.40 0.8 No spawn - - - -
235 70 74 5. 23 1290 1.V 40 1.3 031 028 177
1722 1500 17 16,50 L1 jlaie 3 1,78 60 14 020 011 556
516 40 76 28 20 No spaw - - - -
15-30 420 14 47 86 1.2 B4 23 2% 528 066 02 006 43
Ford Cowe 12-14 90 2 2.9 11 94 18 1.0 30 1.2 08 0483 263
10-11 600 Y/ 1,50 14 X6 9 0.23 40 o6 04 0B 2%
69 700 64 5.5 09 94 3 1. 40 131 0% 05 44
3% 50 17/ 047 03 Mo spawn - - - -
-2 30 D 1.2 0.7 K A 021 20 0% 08 018 303
-4 I K3 10,97 0.9 560 19 280 3% 083 054 05 3.6
Horrby Islard 1300 7B 8 8.8 Ll 594 21 575 44& 07 0% 010 3%
Lanbert Channel - B1O 198 &57.90 1.1 285% B 12459 418 15 05 04 3.3
4 ayers weightad by reported area of spawn.

blbspamm\asobsen/aion’t:r'ansecl:sB3ardBS. “

CObserved area corrected for patchiness.
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Table 3. Area of spawn, mean egg density and number of eggs by 1 m depth intervals
for herring spawn in Lambert Channel in 1983.

Depth Area Eggsem~2+10-3 No. of eggse+10-8
Location interval  (ha) N (95% C.I1.) (95% C.I.)
Denman Island -3 to -2 12.87 6 21 ( 0 to 42) 27 (0 to 54)
-2 to -1 28,57 51 103 (\50 to 155) 294 ( 143 to 443)
-1 to 0 43.02 98 182 (129 to 234) 783 ( 555 to 1007)
0 to +1 65.33 155 202 (163 to 242) 1320 (1065 to 1581)
+1 to +2 47.45 104 187 (140 to 235) 887 ( 664 to 1115)
+2 to +3  11.83 18 56 ( -3 to 116) 66 ( 0 to 137)
Hornby Island -3 to -2 0.59 1 5 (-) <1
-2 to -1 4,27 9 43 ( 1 to 85) 18 ( 0 to 36)
-1 to 0 15.26 41 138 ( 64 to 212) 211 ( 98 to 324)
0 to +1  25.18 65 239 (153 to 324) 602 ( 385 to 816)
+1 to +2 11.41 29 100 ( 48 to 152) 114 ( 55 to 173)
( .

+2 to +3  2.12 3 1(-) <1
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Table 4. Probability (Student t-test) of significant differences in percent
cover, layers of eggs, and eggsem-2 between Denman and Hornby islands spawn
at 1 m depth intervals.

Depth Depth interval |
interval Parameter -2 to -1~ -1 to 0 0 to +1 +1 to +2
-2 to -1 % cover 0.43
Layers 0.29
Eggs-m-2 0.07
-1 to 0O % cover 0.86
Layers 0.94
Eggs - m-2 0.34
0 to +1 % cover 0.10
Layers 0.12
Eggs- m-2 0.44
+1 to +2 % cover 0.05
Layers : 0.00

Eggs-m-2 0.01
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Table 5. Probability (Student t-test) of significant differences in percent cover of
vegetation, layers of eggs and eggsem~2 between 1 m depth intervals for Denman and Hornby

islands spawn.

Depth interval

Depth
Location interval Parameter -3to-2 -2to-1 -1to0 Oto+l +1 to +2
Denman Island =2 to -1 % cover 0.84 ’

Layers 0.68
Eggsem-2 0.00

-1to0 % cover 0.05 0.02
Layers 0.00 0.01
Eggsem-2 0.00 0.04

0 to +1 % cover 0.00 0.00 0.07
Layers 0.00 0.00 0.02
Eggsem-2 0.00 0.00 0.53

+1 to +2 % cover 0.00 0.00 0.03 0.56
Layers 0.00 0.00 0.00 0.75
Eggsem2 0.00 0.02 0.87 0.63

+2 to +3 % cover 0.81 0.90 0.32 0.74 0.05
Layers 0.44 0.54 0.17 0.00 0.00
Eggsenr2 0.24 0.23 0.00 0.00 0.00

Hornby Island -1 to 0 % cover - 0.51

Layers - 0.07
Eggsem2 - 0.02

0 to+l % cover - 0.01 0.05
Layers - 0.00 0.05
Eggssm-2 - 0.00 0.08

+1 to +2 % cover - 0.00 0.01 0.21
Layers - 0.99 0.03 0.00
Eggsem-2 - 0.08 0.40 0.01




Table 6. Maximum hours of exposure of spawn at tide Tevels observed for Lambert
Channel (day is from 05:00 to 19:00 hrs PST).

. Exposure time (hr)

% of incubation time

Depth
Location Period interval Day Dark Total Day Dark Total
Denman Island March 1 - 182 3to2 64 71 135 14,8 16.4 31.3
2tol 6 13 19 1.4 3.0 4.4
Hornby Island March 14 - 282 3 to 2 69 55 124 19.2 15.3 34.4
2 tol 17 17 34 4,7 4,7 9.4
Longbeak Point March 1 -17° 3to2 57 68 125  14.0 16.7  30.6
2tol 4 13 17 1.0 = 3.2 4.2
Komas Bluff  March 1-15° 3to2 47 60 107 13.1 167  29.7
2tol 4 13 17 1.1 3.6 4,7
Fillongley Park March 1 - 13P "3 to 2 43 52 95 13.8 " 16.7 30.4
2 tol 4 10 14 1.3 3.2 4,5
Whalebone Point March 1 - 14P 3to2 44 57 101 13.1 17.0 30.1
2tol 4 11 15 1.2 3.3 4.5
Phipps Point March 14 - 21b 3 to 2 43 19 62 22.4 9.9 32.3
2tol 11 3 14 5.7 1.6 7.3
Ford Cove March 14 - 18° 3to2 22 21 43 183 17.5  35.8
2tol 2 3 5 1.7 2.5 4.2

%krom start of spawn to complete hatch.

From start of spawn to completion of survey.




Table 7. Number of dead fish on bottom along transects by distance fram shore and for area fished, assuming no dead
fish occurred beyond 600 m from shore. (Width for transects is 1=1 m on one side of transect and 2=1 m on both
sides of transect. Width for fishing area is distance along shore fished by gillnets.)

Distance fram shore (m)

0 to 100 100 to 200 200 to 300 300 to 400 400 to 500 500 to 600
Location Width Fish Width Fish Width Fish Width Fish Width Fish  Width Fish
Transect 3 1 0 1 9 1 1 - - - - - -
Transect 4 2 4 2 8 2 31 2 128 - - - -
Transect 5 2 5 2 15 2 27 2 21 2 - -
Transect 6 1 1 1 21 1 14 1 83 - - - -
Transect 7 2 0 2 29 2 90 2 13 - - - -
Transect 8 1 0 1 2 1 11 1 18 1 13 - -
Transect 9 1 1 1 31 1 26 1 36 - - - -
Transect 10 - - - 1 12 1 13 1 5. 1 4
Transect 11 - - - - 1 2 1 11 1 3 1 0
Transect 12 1 0 1 9 1 12 1 0 - -
Transect 13 2 5 2 10 2 7 2 2 - -
Transect 14 - - 2 5 2 26 2 24 2 9 2 15
Transect 15 - 2 20 2 31 2 27 2 43 - -
Transect 16 2 1 2 67 2 72 2 38 2 69
Transect 17 - - 2 0 2 50 2 65 2 35 2 80
Transect 18 - - 2 0 2 11 2 10 2 0 2 0
Transect 19 - - 2 0 2 1 2 0 2 0 2 0
Transect 20 - - 2 0 2 0 2 2 2 2 2 1
Transects 3 to 20 14 17 27 146 29 419 28 547 22 150 14 169

Fishing Area 8000 9714 8000 43259 8000 115586 8000 156286 8000 54546 8000 96571
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Fig. 2. Herring spawn at Longbeak Point, surveyed by divers in 1983, with transect

locations shown.
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Fig. 3. Herring spawn at Komas Bluff, surveyed by divers in 1983, with transect 1oc5tions

shown.
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Fig. 4. Herring spawn at Fillongley Park, surveyed by divers in 1983, with transect
locations shown.






WHALEBONE PT.

Fig. 5. Herring spawn at Whalebone Point, surveyed' by divers in 1983, with transect

locations shown.
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Fig. 6. Herring spawn at Phipps Point, surveyed by divers in 1983, with transect llocations
shown.
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Ford Cove

FORD COVE Norman F

Fig. 7. Herring spawn at Ford Cove, surveyed by divers in 1983, with transect
locations shown.
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Fig. 8. Mean layers of eggs by 1 km intervals for 1983
herring spawn at Denman Island. Number of samples and
number of transects are shown above and below 95% C.I.
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Fig. 10. Distribution of area (open circles) and number of eggs
(solid circles) by depth for 1983 Lambert Channel herring spawn.
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Fig. 11. Mean percent cover of vegetation, layers of eggs,
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Fig. 12. Observed tide levels for herring egg incubation

period in Lambert Channel in 1983.
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