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ABSTRACT

lowy C. J.y and R. J. Beamish. 1978. A study of the nesting behavior of
lingcod (Ophiodon elongatus) in the Strait of Georgiay; British Columbia.
Fish. Mar. Serv. Tech. Rep. 843: 27 p.

The nest guarding behavior of male lingcod was observed from
December 1 to June 10 in Dodd Narrows,; south of Nanaimo, B.C., and vicinity.
The males appeared to establish territories as early as December 1, in areas
with crevice spaces of suitable sizes, and some water movement. Egg deposition
first occurred January 5, with two spawning peaks January 26 and February 3, and
sporadic nest deposition until February 24. Hatching was observed between
March 19 and April 9 with other nests probably hatching, but not observed do to
so, between March 6 and June 10. A total of 77 nests were located in the
research areay in a shoreline length of 134 m. Of thesey, 8 were observed to
hatch, 13 more may have hatched, and the remaining 58, or 747 were lost to
predators.

Predation on egg masses by kelp greenling, (Hexagrammos decagraumus),
striped seaperch (Embiotoca lateralis), giant red sea urchins
(Strongylocentrotus franciscanus), sunflower star (Pycnopodia helienthoides),
small sculpins (Jordania zonope and Artedius meanvi)y; and anemones (Tealia
crassicorius) was observed. Lingcod were obgerved to chase greenling and
seaperchy but were not observed to show any reaction to other nest predators.
When the guarding male was removed from seven nests, four of the nests were lost
to predators in a short period. In the other three cases, another, smaller male
replaced the removed male. One of these nests was seen to hatch, and the other
two may have hatched.

Key words: Lingcod, lingcod nests, guarding behavior, lingcod spawning, nest
predationy Strait of Georgia.
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RESUME

Lowy C. J.y and R. J. Beamish. 1978. A study of the nesting behavior of
lingcod (Ophiodon elongatus) in the Strait of Georgia, British Columbia.
Fish. Mar. Serv. Tech. Rep. 843: 27 p.

Les auteurs ont surveillé le comportement protecteur des morues longues
males envers leurs masses d'oeufs embryonicues entre le 1 decembre et le 10
juin dans Dodd Narrows et ses abords au sud de Nanaimo, C-B. Les mAles ont paru
établir des territoires d&s le 1€T décembre dans les zones avec des fissures de
dimensions convenables et assez de circulation de 1l'eau. La premidre déposition
des oeufs s'est produite le 5 janvier, avec deux maximums de frais le 26 janvier
et le 3 fevrler, et les dep051t10ns sporadiques jusqu'au 24 février. 1Ils ont
observé 1'éclosion des oeufs entre le 19 mars et le 9 avril; mais 1'éclosion des
autres a di se produire entre le 6 mars et le 10 juin bien qu'on ne 1l'ait pas
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observée. Dans 1'endroit d'investigation, d'une longueur du rivage de 134 m,
ils ont découvert 77 nids, dont ils ont vu 1'ellosion de 8, 13 de plus ont pu
éclore et des 58 qui restaient (74%) étaient perdus aux prédateurs.

Les auteurs ont observé des greenling varech (Hexagrammog decggrammus),
des seaperch rayés (Hpbiotacg lateralis), des oursins rouges géants

(Strongylocentrotus helienthiodes), des petits callionymes (Jordaniag zonope e:
Artedius meanyi) et de anémones de mer (Tealia crassicorius) pillé% des oeufs.
Ils ont observé que les morues longues chassaient les greenling et les sea perch,
mais ils n'ont observé'aucune réaction contre les autres prédateurs. Quand on a
enlevd les miles de sept nids, on a perdu quatre nids aux préﬁateurs en peu de
temps. Dans les trois autres cas, un autre male, plus petit, a remplac€ le

male enlevé. On a vu 1'éclosion d'un de ces nids les deux autres ont pu éclore.

Mots clés: morue longue, comportement protecteur, pillage du nid, développement
"du nid, détroit de Georgie.



INTRODUCTION

As part of the management of lingcod (Ophiodon elongatus) stocks in
Canadian waters, there is a closed season for the sports fishery. This closure
is intended to provide some protection for spawning fish and nest—guarding males
during the spawning and incubation period. During this time of year, the fish
are apparently quite vulnerable to capture, egpecially by spear-fishing scuba
divers. The timing of the closure in Canadian waters appears to be based on
little empirical evidence and therefore a study was initiated to re—evaluate the
most suitable time for the closure. The only other study of lingcod spawning
and guarding habits (Jewell 1968) was conducted in American waters to the south
of the present study area, on the portion of the outer face of a breakwater and
its relevance to the management of lingcod stocks im Canadian waters, and
especially in the Strait of Georgla was unknown. Thus, this present study had
as 1ts primary objectives to determine: (1) the time of onset of spawning; '
(2) when hatching occurs; (3) the role played by the guarding male, and (4) what
organisms are preying on the nests.

MATERIALS AND METHODS

The main research site, Dodd Narrows, is a narrow channel between
Mudge Island and Vancouver Island, south of Nanaimo, B.C. (Fig. 1). A
preliminary study in 1977 indicated that lingcod used the area as a spawning
site. The area selected for a research site was apprpximately 700 m south of
the neck of the narrows. It is about 300 m from shore to shere at that point,
compared with about half that distance at the neck of the narrows. The research
area was 134.5 m along the bottom edge, and as the area curved somewhat, was
slightly less than this along the top edge. It was marked off into 15 sections
by 14 lead-core lines. Each line was numbered, with no. 1 at the north end and
no. l4 at the south. The area was considered to extend 10 m beyond each of the
two outer ropes (Fig. 2).

Underwater, it is an area of large angular boulders, tumbled together
on a slope of about 309, and extending down from the intertidal to a depth of
about 15 m below datum. At the bottom of the boulder slope is a flat floor of
closely set pebbles and cobbles. North of the north end of the research area, a
cliff running NW and bordered by a sandy valley bottom, marks the limit of this
section of the boulder slope, though beyond the cliff, another section of
boulder slope extends almost to the mouth of the narrows. South of the research
area, the boulders grade off into a gently sloping bank of sand.

The tidal current through the research area was generally swift, up to
a maximum of 8.7 kn in the center of the chammel. In the research area, and
through much of the boulder field north of it, a south setting current usually
set up a back eddy, while a north setting current generally flooded straight
through the area. Thus there was generally a north setting current in the
research area, regardless of the direction of the main current. There was some



difficulty in conducting underwater observations, especially at mid-tide of
large changes, but by taking advantage of the broken nature of the bottom and
being careful never to be caught out of reach of a solid hand hold on the
bottom, it was generally possible to dive in the area without serious danger of
being swept away.

Lead lines were set out to provide a location reference system prior
to commencement of spawning. After the lines were in place, an attempt was made
to tag fish with a combination of Peterson disc tags and Floy spaghetti tags.
However, after several days of diving effort, it was felt that we were
disturbing the fish, with the possible effect of reducing spawning, so the
attempts at tagging were abandoned.

Once spawning had begun, the locations of nests were mapped, and an
estimate of the weight of the guarding male was made. As the number of nests
increased, it became apparent that the map was not sufficient to reliably
distinguish new nests, so a system of marking the vicinity of each nest with
international orange flagging tape was used. Records were also made of water
temperature, recorded at the surface, attacks by guarding males on each other,
on other fish or invertebrates and attacks by fish or invertebrates on egg
masses.

The map of nest sites was scribed on a sheet of opaque white
plexiglas, with the lead lines darkened with a felt-tip marker. Nest locations
and depth and other observations were recorded each day during the dive. Each
evening, the pencil results were transcribed to paper, and nest location and
depth were scribed on the map for permanent reference (see illustration)

(Fig. 2).

To determine the effects of loss of the guarding male, 1/2 of the
total nests found just after spawning were randomly selected and the males from
1/2 of these were killed. A total of eight fish were taken from seven nests
over 2 days, weighed, measured for fork length, sexed, the gonadal condition
recorded, and aged using sections of dorsal fin rays (Beamish and
Chilton 1978). Stomach contents were alsoc examined. It was planned that a
second 1/4 of the guarding males would be removed just prior to hatching.
However because a large number of nests were lost before hatching started the
second removal of males was cancelled.

Apart from killing these fish, and making our observations, every
effort was made to avoid disturbing the fish and nests in the research area.
All potentially disruptive activities were carried out in the adjacent areas
north of the research area. There, nest predators were shot for stomach content
examination, cores were taken from nests to determine the state and viability of
the embryos. In addition, the rate of hatching and/or nest disappearance in the
research area was compared with that in the north area, and also in a variety of
other locations, notably the NW side of Gabriola Island and Round Island
(Fig. 1). Checks were made in other locations to determine stage of hatching of
nests relative to the study area. Other locations examined included Link
Island, Ruxton Passage, Crofton, Hudson Rocks, Yellow Point, Gabriola Passage,
Pirates Cove, Saanich Inlet, Beaver Point, Cusheon Ccve, Vesuvius, Brandon
Island, Maude Island, Denman Island, Five-finger Island, and Jessie iIsland
(Fig. 1). 1In these areas, records were made of the number of nests seen,
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Table 1., Areas examined for lingcod nests.

No. No. No.
Date cod nests nests
Area observed seen seen guarded Viability Suitability
Dodd Narrows Feb. 14 All
viable
NW Gabriola Mar. 22 15 12 All - Good
N of wharf
Round Is. Mar. 24 8 8 All - Fair
Ruxton Pass Mar. 26 3 3 All - Poor
Link Ts. Mar. 28 0 0 0 - Poor
Round Is. Mar., 31 2 5 4 - Fair
NW Gabriola Apr. 2 3 3 All - Good
NW Gabriola Apr. 4 3 4 2 - Good
Pirates Cove Apr. 5 2 0 - - Poor
Gabriola Pass Apr. 5 5 0 - - Apparently good
(fishing pressure?)
Round Is. Apr. 7 0 0 - - Fair (poor visibility)
Gabriola Pass Apr. O 5 0 - - Apparently good
Round TIs. Apr. 11 0 0 - - Fair (poor visibility)
Yellow Pt. Apr. 13 3 0 - - Poor
NW Gabriola Apr. 14 5 6 5 - Good
N Gabriola Apr., 14 6 0 0 - Apparently good
Dodd Narrows Apr. 14 All
viable
Round Is. Apr. 16 3 1 1 - Fair
Hudson Rk, Apr. 16 0 0] 0 - Fair
Crofton Apr. 17 3 0 0 - Poor
Brandon Is. Apr. 18 1 1 0 - Poor
Maude Is. Apr. 18 1 0 0 - Poor
NW Gabriola Apr. 20 6 0 0 - Poor
Denman Is. Apr. 21 0 0 0 - Poor
NW Gabriola Apr. 23 1 4 1 - Good
Round Is. Apr. 23 1 3 0 - Fair
Off Lantzville Apr. 24 3 0 - - Fair
Five Finger Is. Apr. 25 20 0 - - Fair
Jessie Is. Apr. 25 2 0 - - Poor



Tablel (cont'd)

No. No. No.
Date cod nests nests
Area observed seen seen guarded Viability Suitability

Round Ts. Apr. 26 2 2 1 - Fair
Ruxton Pass Apr. 26 1 0 - - Poor
NW Gabriola Apr. 28 1 2 1 - Good
NW Gabriola Apr. 30 1 b) 1 - Good
Round Ts. Apr. 30 0 2 0 - Fair
Saanich Inl. May 2 3 1 0 10%

3 samples Fair
Saanich Inl. May 2 3 2 1 - Fair
Round TIs. May 5 0 1 0 10% Fair

1 sample
Dodd Narrows May 5 All Good
viable

Beaver Pt. May 6 4 0 - - -
Cusheon Cove May 6 0 0 - - Appears good
Vesuvius May 6 1 0 - - Poor
NW Gabriola May 9 3 6 3 100% Good

2 samples
NW Gabriola May 13 8 6 3 - Good
NW Gabriola May 17 17 7 2 - Good
NW Gabriola May 21 1 5 1 - Good
NW Gabriola May 25 0 5 0 - Good
NW Gabriola Jun. 6 20 1 0 50% Good
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whether they were guarded, and the total number of cod seen, Table l. Eggs from
some egg masses were cleared and examined from the nests found to determine the
approximate percent of the eggs that had visible embryos.

RESULTS

The present study started December 1, 1977 and was terminated
June 6, 1977. A total of 161 diving hours were expended with 40 days of
observations in the study area. Starting January 6, observations were made
approximately every second day except during the period of intensive spawning
when observations were made daily. Occasionally, difficulties with equipment
forced us to interrupt our schedule, however the longest period without
observations was 6 days.

1. SPAWNING OBSERVATIONS

In the 1976-77 season, one nest, and a large aggregation of lingcod
were observed on January 29, seven nests by February 27, and a total of 13 nests
in the general area of the present study of research. Hatching appeared nearly
complete by April 9, with only two nests remaining.

At the beginning of the more routine observations of the present study
.the behavior of the lingcod towards divers was observed to change some time
before the appearance of eggs in the area. During summer months lingcod are
fairly wary. They can seldom be approached much closer than 1 m. When they are
disturbed they swim straight away from the diver and generally leave the
immediate area. Sometime before the onset of spawning, they appear to set up
“territories”, where they can be approached very closely, and to which they
return after a disturbance. This same behavior is apparent whenever a cod is
guarding a nest. Guarding cod were observed to be very placid, allowing a diver
to approach them closely enough to touch. This placid behavior probably began
even before our observations started in December 1977, as even on the lst day of
this study {(December 1), the lingcod tended to circle when disturbed. It
continued as long as there was an egg mass in the area the cod was guarding, and
in several cases, where a cod lost the egg mass he was guarding early in the
season, he remained in the area and in some cases, acquired another egg mass.

Spawning commenced on January 5, with the majority of egg masses being
deposited on January 26 and February 3. There was no apparent relationship
between surface temperature (Table 2) and spawning times. Sporadic nest
deposition continued until March 1, however, the maximum number of nests present
at one time was 48 on February 11.

Once a lingcod has started to guard an area, and shows the typical
guarding behavior, an egg mass usually appeared in the area. Spawning appears
to occur at night. Observations were made on a daily basis at various hours of
the day during the peak of the spawning but no spawning was observed.
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Table 2. Frequency of observations of nests and guarding males.
Estimated
Times Times Observed wt. of male Total
Nest observed - present nest duration (kg) days Remarks

1-23 5 3 Feb. 15-26 2.7 11 Did not hatch
1-30 2 2 Jan. 23-25 . 5.5 2 Did not hatch
1-34 15 11 Jan. 26-Mar. 6 2.7 39 Hatched

1-37 24 11 (killed, Jan. 26-Mar. 20 1.8 53 Hatched

replaced)
1-39 3 0 Feb., 9-13 - 5 Did not hatch
1-40 2 0 Feb. 7-10 - 3 Did not hatch
2-26 10 10 Prev. to . 3.6 19 Hatched
Mar. 1-20
2-37 2 0 Feb. 1-5 - 4 Did not hatch
2-39 4 2 Feb. 3-9 2.3 6 Did not hatch
3-32 5 3 Jan. 26-Feb. 17 2.3 22 Did not hatch
3-37* 10 3 Feb, 3-Mar. 4 2.7 29 Did not hatch
3-42 5 2 Feb, 3-11 3.6 8 Did not hatch
3-43 1 0 Feb. 13 only - 1 Did not hatch
3-46*° 16 5 Prev. to Feb. 10- 3.6 36 Hatched
Mar., 18

4-35 4 2 Feb. 9-13 2.5 4 Did not hatch
4-37 17 11 Feb. 3-Mar, 10 2.7 35 Hatched

4-40 12 7 Jan. 26-Mar. 1 3.4 33 Did not hatch
5-20 18 13 Feb. 1-Mar. 20 1.6 48 Hatched

5-41 4 2 Jan. 26-Feb. 20 4.5 25 Did not hatch



Table 2 (cont'd)

Estimated
Times Times Observed Total
Nest observed present nest duration days Remarks
6-26 14 8 Feb. 11-Mar. 15 32 Hatched
6-34 1 0 Feb, 2 only 1 Did not hatch
6-36 17 11 (killed, Jan. 26-Mar. 8 41 Hatched
replaced)
6-37 33 22 Jan. 26-Apr. 1 2.3 75 Hatched
6-38 9 1 (killed) Feb. 2-15 5.0 13 Did not hatch
7-24 11 5 (killed, Feb. 1-26 3. 25 Did not hatch
replaced)
7-35 1 0 Feb. 7 only 4.5 1 Did not hatch
7-37(1) 4 1 (killed) Feb, 1-7 3.2 6 Did not hatch
7-37(2) 5 1 Feb. 9-20 2.7 11 Did not hatch
7-37(3) 9 5 Feb. 3-Mar., & 1-8 32 Did not hatch
7-39 1 0 Feb., 5 only 1 Did not hatch
8-30 2 1 Jan, 26-Feb, 7 12 Did not hatch
8-32 20 19 Jan. 26-Mar. 17 50 Hatched
8-47 16 8 Jan. 26-Mar. 10 43 Hatched
9-22(1) 24 16 Feb. 3-Mar. 26 51 Hatched
9-22(2) 19 14 Feb. 11-Mar., 22 39 Hatched
9-23 1 0 Feb. 15 only 1 Did not hatch
9-24 (1) 9 2 (killed) Jan, 26-Feb. 17 22 Did not hatch
9-24(2) 1 0 Feb. 2 only 1 Did not hatch
9-38 3 3 Prev., to Mar. 19 22 Hatched
10-28(1) 1 0 Jan. 26 only 1 Did not hatch
10-28(2) 1 1 Mar. 1 only 1 Did not hatch
10-29 3 2 Feb, 3-Mar. 1 25 Did not hatch
10-33 2 0 Feb, 3-5 2 Did not hatch
10-37(1) 1 1 Jan. 27 only 1 Did not hatch
10-37(2) 1 1 Feb. 20 only 1 Did not hatch
10-37(3) 2 2 Feb., 2-22 20 Did not hatch



Table 2 (cont'd)

Nest

Observed
nest duration

Estimated

11-20
11-29
11-37
11-38

12-15
12-19
12-32(1)
12-43
12-45
12-52

13-12
13-24
13-31
13-33(1)
13-33(2)
13-38
13-40
13-41
13-42
13-43(1)
13-43(2)
13-43(3)
13-45(1)
13-45(2)
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10-11
3-26

20 only
17-Mar., &4

10 only

10-Mar. 24

3-Mar. 1
9 only
5-6

13 only

3-Mar. 24
3-Mar. 10
1-3

3 only

15 only
3-20
1-Mar. 8
3-11

11 only
11 only
11 only
5-9
3-Mar. 15
11-20
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Remarks
Did hatch
Did hatch
Did hatch
Did hatch
Did hatch
Hatched
Did hatch
Did hatch
Did hatch
Did hatch
Hatched
Hatched
Dpid hatch
Did hatch
Did hatch
Did hatch
Did hatch
Did hatch
Did hatch
Did hatch
bid hatch
Did hatch
Hatched
Did not hatch
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Table 2 (cont'd)

Estimated
Times Times Observed wt. of male Total
Nest observed present nest duration (kg) days Remarks

14-~26" 23 7 Prev. to Feb. 17- 5.5 51+ Hatched

' ' Apr. 9

14-35(1) 17 8 Feb. 1-Mar., 17 2.0 44 Hatched
14-35(2) 9 5 Jan. 26-Feb. 20 4,8 25 Did not hatch
14-40(1) 28 17 Jan. 27-Apr. 9 3.2 74 Hatched
14-40(2) 6 3 Jan. 25-Feb, 17 2.3 23 Did not hatch
14-41" 8 2 Feb. 3-24 3.2 21 Did not hatch
14-45 16 2 (killed) Jan, 16-Feb. 6 4,1 21 Did not hatch

*Tndicates that the cod had a hole to live in where he was not visible.

- 51 -
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The presence of crevices appeared to be important to successful
spawning and guarding of nests. Since no spawning acts were observed it can
only be assumed that a male may require some form of crevice to set up a
"territory” and that a female may then be attracted to this territory. Of
course it is also possible that a female selects a suitable crevice and after
deposition and fertilization of the egg wmass a male remains to guard the nest.
It was observed that most of the nests which were guarded for more than a few
days had a relatively narrow crevice in which the eggs were deposited, and
another, nearby crevice, sometimes only a widening of the crevice containing the
eggs, in which the male lived. Egg masses were observed loose on the bottom
indicating that failure to find a suitable nesting site may be a significant
source of egg mortality. Alternatively, these egg masses may have been
deposited in a suitable site but failed to attach to the substrate.

Guarding males were not aggressive to divers. They frequently would
interpose their bodies between us and an egg mass but they could readily be
guided out of the way by one's hand without any aggressive displays. An aspect
of guarding behavior commonly reported is fanning of the egg mass by the male,
using his pectoral fins. We looked for this behavior whenever we were examining
nests but it was never observed. Commonly, males were 0.2-1 m away from the egg
mass, though one male, guarding an egg mass which was not in a crevice, was
frequently seen lying on top of the mass. Most were not especially close to the
egg mass, and were usually in the crevice alongside the egg mass, or in another
nearby crevice. The absence of fanning may be related to the moderate to strong
currents in the study area however the failure to observe any attempt by males
to ventilate nests suggests that such behavior is not common. Similarly, the
aggressive behavior reported in Wilby (1937) also does not appear common.

A few cod acquired two egg masses and guarded both. Such doubling up
occurred with the egg masses usually less than 30 cm apart. Once spawning
ceased, by early to mid April, a male lingcod which lost his egg mass would
leave the area he had been guarding within about 3 days. After this time,
lingcod which were not guarding nests showed a reversion to the normal summer
behavior, that is, they were difficult to approach cleosely, and when disturbed
swam straight away without circling.

Eight males were killed from seven of the nests on February 1 and 2.
Fish from this study and six sampled in the preliminary study ranged in length
from 53 to 79 cm and in age from 4 to 10 yr (Table 3). One of the males,
an age 4, 53 cm fish did not appear to have matured for the first time. This
male was not observed guarding a nest at the time of capture but it was in the
vicinity of nests and other guarding males. The number of smaller lingcod
guarding nests may be disproportionately high as more larger males were observed
guarding nests in the deeper water immediately north of the study area. It has
been estimated from other studies (Cass and Beamish 1979) that 507 of males are
mature at a length of approximtely 58 cm thus it appears that some males
commence guarding nests soon after they mature. While it may appear that some
immature males guard nests it is difficult to differentiate the state of
maturity in the field for immature and mature smaller males shortly after
spawning. Histological sections of gonad samples from the questionable smaller
fish will be examined in 1979 to determine if immature fish guard nests.

While it was not possible to demonstrate empirically, it was of
interest to note that females appeared to leave the area after spawning.
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Table 3. Age and length of males guarding nests.

Length Maturity Age Remarks

March 12, 1977

53 Immature* 4 Not guarding
53 Immature® 4 Not guarding
64 Mature?® 7 Guarding
76 Mature 8 Guarding
78 » Mature 6 Guarding
79 -4 8 Guarding

February 1 and 2, 1978°

56 Mature 5 Guarding
62 Mature 5 Guarding
75 Mature 10 Guarding
71 Mature 10 Guarding
50 Mature 4 Guarding
76 Mature 9 Guarding
66 Mature 5 Guarding

%~ indicates determination in doubt,

YData missing for one male.
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Throughout the entire study only on a few occasions were larger lingcod spotted
moving through the study area. The assumption that larger limngcod are females
is valid for lingcod larger than approximately 90 cm (Cass and Beamish 1979).

It was also interesting that shortly after the period of active
spawning two dead lingcod were observed at the bottom and one dead cod was
washed up on the beach. Only skin and skeleton remained and it appeared the
fish died from natural causes.

Samples of nests preserved in carnoy (3:1, ethanol and glacial acetic
acid) indicated that all nests sampled contained viable eggs.

Predation on nests

Nest predation was the major source of loss of nests. Of the 79 nests
observed, eight were seen to hatch. Thirteen more may have hatched, in that
they were observed long enough to have developed embryos to hatching, and they
disappeared at a time when other nests were observed to be hatching (Fig. 3).
However, since they completely disappeared between one observation and the next,
it cannot be stated positively that they did hatch. The remaining 58 nests
and/or loose egg masses or 747 appear to have been eaten by predators. Nests
that were lost to predation were observed to last for an average of 10.4 days.
They were preyed on by a number of organisms. On 19 occasions, giant red sea
urchins (Strongylocentrotus franciscanus) were seen feeding on egg masses.
Sunflower stars (Pycnopoida helianthoides) (Fig. 4) fed on nests 11 times.
Anenomes (Tealia crassicornis) engulfed two egg masses., Small sculpins
(Jordania zonope, Artedius meanyi) were almost always found on egg masses. They
were seen feeding on newly hatched larvae, and stomach samples from seven
sculpins showed that four had lingcod eggs and/or newly hatched larvae. One 5 g
sculpin had 30 lingcod eggs and at least 15 lingcod larvae in its stomach.

However, the main predators on the nests on the eggs were kelp
greenling (Hexagrammos decagrammos) and striped seaperch {Embiotoca lateralis).
Greenling were seen feeding on nests 11 times, and were observed to carry off
chunks of egg mass 3-5 cm in diameter. Of 10 greenling stomachs examined during
the nesting season, nine had lingcod eggs, in volumes ranging from 10 to 150 ml,
and averaging about 75 ml. It appeared from these observations, that during the
lingcod nesting season, some greenling may live almost exclusively on lingcod
eggs. Striped seaperch were observed feeding on lingcod egg masses 23 times.
Usually, there would be a school of frem 5 to 30 seaperch gathered about a
nest. They would take turns to dash in and nip off a few eggs. They were also
observed on one occasion to be swarming around a nest which was hatching. They
ate all the larval lingcod observed during a 10 minute period.

Seaperch and greenling both preferentially attacked unguarded egg
masses. We observed 10 egg masses which were detached, drifting along the
bottom, unguarded by any males. These masses were rapidly consumed by greenling
and seaperch, and on two occasions by anemones. In three cases we took such
loose clumps and put them into a crevice and put a rock to hold them dowa.

These masses were not observed to last more than 3 days. It is possible that
our estimate of the total number of egg masses deposited in the area is low
because of such rapid predation.






Fig.

°C

TEMPERATURE

Fig.

4. A sunflower stary Pyncopodia helianthoides feeding on a lingcod eggmass.

JAN. FEB. MARCH APRIL MAY JUNE
TIME

2+ Water temperature in the research area recorded to the nearest 1/2°C.
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The reaction of the guarding male to the predators varied with the
kind of predators. Greenling and pile perch approaching a guarded egg mass were
instantly attacked and chased, usually to a distance of 3 to 5 m. Because of
the brief and rapid nature of these attacks, we saw only two attacks on
greenling and five on seaperch. In one of the greenling attacks, the lingcod
caught the greenling and bit into the caudal peduncle, released the fish, and
swam back to the nest. It was noted that many of the greenling and pile perch
bore recent wounds and scars on the body and tail, especially during the period
in which egg deposition was occurring.

On the other hand, no aggression of any kind was noted as being
displayed against the small sculpins or the invertebrate predators, even though
several nests were eaten by Pycnopodia and Strongylocentrotus in the presence of
the guarding cod. On three occasions, we watched Pycnopodia approach a nest
across the bottom, climb onto the egg mass, and start to eat it, without the
male cod making any attempt to prevent the predation. Most of the attacks iy
urchins and sunflower stars occurred soon after the nests had becn deposited.

No attacks by these invertebrates were observed on nests which had been
deposited more than a week.

When males were removed from seven nests, a new male appeared on three
of the nests in 2-12 days. 1In the other four, no replacement occurred before
the nest was destroyed. Where replacement occurred, the nests lasted 53, 41,
and 25 days. The nest which lasted 53 days was seen to hatch, and the other two
may have hatched. Of the four where no replacement occurred, the nests lasted
22, 13, 6, and 2 days. All these nests were seen being destroyed by predators,
generally seaperch, with an occasional greenling taking some eggs.

Hatching

As mentioned previously, eight nests were seen to hatch, and 13 more
may have hatched. The onset of hatching took more than 36 days in all cases,
and one nest was observed to hatch after 77 days. Hatching was observed on
March 19, one nest; March 22, one nest; March 24, one nest; March 26, two nests;
April 14, two nests; and the last nest in Dodd Narrows iatch:d by May 9
(Table 2). Where hatching was observed, it occurred quickly, over a period of
less than 1 day except for the 2-3 cm thick layer where the egg mass was in
contact with the substrate, which took 2-3 more days. Tie onset of hatching was
indicated by the appearance on the egg mass of fragments of the egg membranes
and the protruding heads and bodies of the larval lingcod. This was rapidly
followed by a loss of volume in the egg mass to the flat laver of eggs next to
the rock. In many cases the egg mass also ceased to adhere to the rock. The
guarding male remained close to the egg mass, occasionally making short rushes
at any predators in the area, provided that those predators were moderately
large fish. Small sgulpins were observed eating the larvae as they emerged
without any interference from the guarding males. After hatching was complete,
the male lingcod stayed in the same area for 1 or more days, and then left the
research area. The percentage of nests that hatched cannot be accurately
determined, however, eight out 77 nests were observed to hatch, or 10.4%.

Another thirteen may have hatched, for a total possible nest hatching success of
27.3%.



At the eight nests which were seen to hatch, the male was generally
present close to the nest during our observations, while in nests which were
known to have been destroyed, the egg mass was either unguarded, or the male was
frequently absent. The nests which may have hatched also showed a high
frequency of the guarding male being present (Table 2).

Examination of other possible spawning sites

It was not possible to examine other areas until hatching commenced in
the study area. From March 22 until June 6, 44 sites were examined and 24
contained nests (Fig. 1, Table l). Areas where no nests were found included
Maude Island, Five Finger Island, Jessie Island, Ruxton Passage, S. side Cusheon
Cove, Vesuvius, Link Island, Pirates Cove, Gabriola Passage, Yellow Point, North
Gabriola, Hudson Rock, Crofton, and Denman Island. Of these, Gabriola Passage,
Maude Island, Five Finger Island, and Cusheon Cove seemed reasonably good cod
spawning sites, though in the latter three cases little water movement was
observed, while at Gabriola Passage, the lingcod population is very sparse. Of
the other sites, generally, crevice space was lacking. Where the substrate was
not sand at these sites, it was flat or sloping slabs of sandstone, with, in
many cases, little water movement observed. In all the other areas where nest
were located, there were both water movement ard crevice space available though
none had both as great a water movement, and as high a density of suitable sized
crevices as Dodd Narrows.

Hatching in these areas followed much the same pattern as the study
area with the most hatching occurring in late March, but with some nests
remaining much later (Table 2). It was surprising to find nests with viable
eggs remaining on the NW side of Gabriola Island until after June 6. Some of
the eggs in the nests found in late May and early June were not viable. However
viable eggs were present and some nests were observed hatching, Most of these
nests were not continually guarded by wmales and after May 21 no guarding was
observed.

Water temperature (recorded to 1/2°C) in the research area (Fig. 5)
was 7° when lingcod spawning began in January, and reached a minimum by
February 1. By February 20 it had started to rise, and it continued to rise
through March, April, and May, slowing somewhat in June.

DISCUSSION

Spawning began January 5, with the main peaks of spawning January 26
and February 3. The males appeared to establish themselves on particular
locations earlier, and displayed guarding behavior as early as December 1.
Hatching started in late March and lasted until mid-June. Towards the end of
the hatching period, guarding by males and egg viability were reduced. Hatching
required frowm 35 to wmore than 77 days and it was estimated that between 107% and
27% of the nests hatched. The guarding mzle was necessary for the survival of
the nest to hatching and in some cases males would protect nests that became



unprotected by the rewoval of the original male. It appeared that younger males
resided in the nesting area and were available to protect nests that may have
been fertilized by another male. Males leave the area of the nest a few days
after the egg mass has gone late in the season, but early in the season, they
will remain on their site after loss of eggs. The behaviour of males was
similar to the bhehaviour of other species of greenling during the spawning
period (Raas 1962).

Lingcod, in this study spawned generally in areas where the water was
relatively shallow, with considerable water movement, and with a great deal of
crevice space. Where one or more of the later two aspects were reduced, egg
mass deposition appeared sparse. Thus, Dodd Narrows had 78 egg masses deposited
in an area of about 4,400 m?. Ruxton Passage, an area with similar water
movement, but with a smooth sandstone substrate with only an occasional detached
slab for shelter, had only one nest in a larger area examined. Cusheon Cove,
with a substrate similar to that in Dodd Narrows, but with almost no water
movement at any state of tide or weather had no nests, in the one observation
made this year, nor at any time in 4 yr of observation as part of another study
between 1971 and 1974. These two latter areas represent extremes of substrate
and water movement conditions. Other areas with, for instance, sand substrates
are known to be unsuitable. Areas with intermediate conditions of crevice space
and water movement had intermediate amounts of spawn (Table 1).

The observations covncerning predation on unprotected nests and
spawning times made in this study were similar to observations made in a
preliminary study in the same area from January to March 1977. Observations by
other scuba divers confirm that spawning continues well past January and nests
have been observed as deep as 30 m in areas in Howe Sound. Unpublished reports
by scuba divers also confirm that a wide range of predators feed on lingcod
nests especially the sunflower star.

Organisms which prey on nests include kelp greenling, striped
seaperch, Giant red sea urchins, small sculpins, sunflower stars, and where egg
masses are drifting, an anemone. Males were effective at removing only the
larger fish predators. Invertebrates and small fish such as sculpins seemed to
feed on egg masses almost at will.

Observations made in this study are significantly different than some
of spawning and guarding observations reported by Wilby 1937 and are more
similar to those reported by Jewell 1968 (Table 4). The discrepancies in some
of the observations between Wilby 1937 and the other studies probably results
from Wilby's shallow water observations. However, Jewell 1968 suggested that
lingcod in the subtidal area guard their nest more vigorously than in the
intertidal area. In both the Jewell 1968 study and in this study, lingcod were
not observed to be overly aggressive except to larger fish and did not use their
pectoral fins to aerate the egg mass. In our study we observed that predation
of nests by invertebrates and small fish was an extremely serious source of egg
mortality as guarding males made no attempts to remove these predators. It was
apparent from both the present study and the study by Jewell (1968) that a
guarding male is absolutely essential for the survival of the nest. In our
study observations outside of the study area indicated that lingcod will spawn
at depths as deep as 80 ft. All studies found that crevices are extremely
important as nesting sites. Incubation periods may range from 5 to 11 wk but
the average time appears to be about 7 wk,



Table 4.

Summary of spawning and guarding observations made in this study and other studies.

Life history stage

wilby (1937)

Jewell (1968)

Present study(1978)

Spawning migration

Spawning depth

Spawning period

Spawning location

Spawning process

Guarding behaviour

Male and female move to
spawning area together,

10-30 ft below low tide.

Mid-December to March.
Peak activity in January-

Crevices in boulder area,
little marine growth.

Female deposits

successive layers of ova to
be fertilized by male. Male
remains and guards nests.

Male shapes egg mass and

fans eggs with pectoral fins
for aeration, aggressively
repels all intruders including
invertebrates.

No information.

Five to 35 ft of the
plus 7 ft tide level.

Mid-December to mid-
March. Peak activity
mid-January to mid-
February.

Crevices or rock ledge.

Male may fertilize ova
from more than one
female.

Male guards one or more
nests. No fanning of
eggs. Not aggressive.
Subtidal nests guarded
more closely than inter-
tidal nests. Other
males will guard a

nest if original male
removed.

Males enter spawning area
first, females concentrate
later.

To 100 ft from high tide level.

Early January-mid March. Peak
activity late January to early
February-

Crevices or rock ledges-

_’72_

Male may fertilize ova from
more than one female.

Male guards one or more
nests.

No  fanning.

Not aggressive except to
larger fish,

Invertebrate and small fish -
predation ignored.

Unguarded nests may be’
guarded by other males some
of whom may not be mature, -



Table 4 (cont'd)

Life history stage

Wilby (1937)

Jewell (1968)

Present study{1978)

Predators

Incubation period

Hatching

Inference that male is able to
repel all predators.

About 6 wk male leaves at
time of hatching

No information

Predation important but
except for some inverte-
brates, it was inferred
that predation most
serious for unattended
nests.

Seven weeks, some nests
still present as late
as March 14.

Hatching started about
mid-January with peak
hatching mid-February-
mid-March, Nests
require 3-7 days for
hatch, Males left area
by mid-March - more than
90% of nests hatched.

Predation very important.
Large number of fish and
invertebrate predators present.

More than 5 wk estimated
7-8 wk but one nest 11 wk,
Some nests still present in
early June.

Hatching started mid-March.
Most of nest hatched in ~

one day. .
Males left nests that
hatched early in season
shortly after hatching.
Some males left later
hatching nests before
hatching.

Egg viability reduced for
nests hatching later in
season. Ten to 27% of
nests hatched. The rest
were lost to predation.




In our study some nests persisted about 3 mo longer than suggested by
Jewell 1968, However Jewell stopped his study in mid March and is unclear about
the percentage of nests that remained by the end of the study.

It was possible that some of the differences in guarding behaviour
might be related to the size of the guarding male. That is, a larger (and
older) male might be more effective at removing invertebrate predators or small
fish. However, there was no significant correlation in this study, (t test
P > 0.05) between the estimated size of the guarding male and the hatching
success of the nest. Despite the absence of any correlation, studies will
continue to examine this possibility as a positive relationship between size of
the guarding male and nest hatching success could have important management
implications.

There was no doubt that males are vulnerable to spear fishing during
the spawning period. The change from showing strong avoidance tendencies toward
divers to becoming less wary and even permitting some handling started early in
December and while this behavior lasted for some until the first of June, most
of the males had left the spawning area by the end of April. However it has
been reported that in some northern areas spawning and nesting continues well
well past April. These observations confirm that protection for lingcod from
spear fishing is essential immediately prior to and during the spawning and
nesting period.

There have been serious declines in the lingcod stocks in Puget Sound
(Mark Petersen, personal communication) that are related directly to fishing
pressure and it may be wise to regulate the lingcod fishing in Canadian waters
before stocks are reduced to the extent reported for inshore waters off the west
coast of the United States.

The present study shows that egg wmortality as a result of predation
can be very significant. However larval mortality must also be high as it was
estimated that approximately 60 million larval lingcod existed in the open
waters of the Strait of Georgia in 1966 (Phillips and Barraclough 1976) and if
there was 100% recruitment into the Strait of Georgia fishery at age 4 or 5 in
1970-71 there would have been an estimated 136 x 100 kg of lingcod in the Strait
of Georgia, that is 5 times the total landings of all groundfish caught in
Canadian waters and 50 times the estimated landings of lingcod. Thus it is
apparent that egg mortality is not the only important factor controlling
recruitment. Environmental factors may be directly or indirectly important and
there may be interrelationships with prey species such as herring. While there
can be no doubt that commercial and sports fishing is having a significant
effect on stock sizes it is necessary to understand more about the biological
and environmental controls before an optimal management program can be developed
for this species.
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