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Summary
Juvenile coho salmon get trapped in Towhee Creek because the lower channel dries up before coho are
ready to leave the stream in the spring. Fish trapped in the stream eventually then perish when the rest
of the streams starts to dry up, and dissolved oxygen (DO) levels fall to exceptionally low levels (<2.0
mg/L). From April 18 to June 4, 2020, a total of 1,703 juvenile coho were captured with Gee-type
minnow traps and a 40 foot long by 4-foot-deep fine mesh seine in two ponds on Towhee Creek (Pond 2
& 3), 1,659 of which were transferred to the mainstem Tsolum River. One day before the rescue
operation started, 166 coho were captured, marked with a partial lower caudal fin clip, and released
back into the two ponds. By continually monitoring the number of marked and unmarked fish captured
over the rescue operation, we estimated the number of juvenile coho in Pond 2 & 3 on April 17 probably
ranged from 1,850 to 2,300 coho. Thus the 1,703 coho captured represented 75-92% of the original
number of coho present. By June 4, DO levels had dropped below 4 mg/L, and any juvenile coho still in
the ponds were deemed either dead or uncatchable, and the rescue operation was terminated. Seining
at this time may have increased juvenile coho mortality in Pond 2 & 3.

Introduction
Towhee Creek (also known as “Vanier Creek”) is a small second order tributary that flows into the
lowermost reach of the Tsolum River near Courtenay, BC. With its headwaters by the Comox Valley
Sports Centre and George Vanier Secondary School, it is the type of small stream that juvenile coho
salmon (Oncorhynchus kisutch) frequently overwinter in, either as juveniles that are the progeny of
adult fish that spawn in the fall in Towhee Creek, or juveniles that migrate up into Towhee Creek from
the Tsolum River in the fall to spend the winter. In most such small streams, coho juveniles typically
leave the stream in the spring after overwintering, returning to the mainstem where they either
continue migrating downstream to the ocean as smolts, or take up residence for an additional year in
freshwater.
The problem with Towhee Creek is that for at least the last two years (2019-20) there has been
insufficient surface flow during spring and summer to connect lower Towhee Creek to the main stem of
the Tsolum River. This has trapped the juvenile coho salmon in Towhee Creek at a key time when they

were smolting and trying to emigrate downstream to the ocean in May. We are unaware of any flow
records that indicate that this has always been the case, but we suspect it has been a significant
problem since the late 1990’s when the Comox Valley Sportsplex and George Vanier Secondary School
both greatly expanded their footprint.

Figure 1. Towhee Creek showing the location of Ponds 2 & 3 (approximate).
There are six ponds numbered 1 to 6 on Towhee Creek that were excavated in 2005 to increase the
amount of fish habitat available for fish (Figure 1). Ranging from approximately 50-500 m2 in area, in
some years the three lower ponds alone provided habitat for an estimated 3,650 coho juveniles in early
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spring. Fully stocked, and considering total pond, pool and accessible stream area available to juvenile
coho in Towhee Creek, it is not inconceivable that in some years all of Towhee Creek could harbour two
or three times that number of juvenile coho over the winter. Unfortunately, with no access downstream
to the Tsolum River in spring, all these fish could perish, just as fish trapped in the ponds have perished
in the past when water levels declined, water temperatures increased, and dissolved oxygen levels fell
to levels too low for coho salmon juveniles to survive.
This report is a summary of a juvenile coho salmon rescue project that was undertaken in Ponds 2 and 3
of Towhee Creek from April 16 to June 4, 2020 (Figure 1). It is a follow-up on an earlier report that
summarized the rescue efforts from March 19 to May 10, 2020 in Pond 1 on Towhee Creek, where 1,131
coho juveniles (88% of the estimated original total present) were captured and transferred to the
Tsolum River (Tripp et al. 2020). One day prior to the rescue in Ponds 2 & 3, a mark-recapture
experiment was initiated where 166 coho salmon juveniles were marked and immediately returned to
the pond. During the subsequent rescue operation, the number of marked and unmarked coho salmon
captured were recorded to estimate how many juvenile coho salmon were originally present in the
ponds, and how many juvenile coho salmon were still left to be caught each day.

Ponds 2 and 3
Towhee Creek was the focus of a stream mitigation and rehabilitation project in 2005 that included
rerouting parts of lower Towhee Creek and excavating several ponds along the channel (Minard 2004) 1.
As indicated, there are currently multiple small pools in Towhee Creek and at least six distinct ponds
numbered 1 to 6 going upstream from the Tsolum River (Figure 1). In late April Pond 2 had a wetted
area of 420 m2 (Figure 2), while Pond 3 had a wetted area of 340 m2 (Figure 3). Both ponds shrunk
considerably over the rescue period, down to 225 m2 in Pond 2 and 190 m2 in Pond 3 by mid-June.
There is a channel 65 m long between Pond 3 and Pond 2 downstream, and a channel 120 m long
between Pond 2 and Pond 1. Water levels fluctuated in all ponds in response to at least two rain events,
during which water flowed into Pond 3, and from Pond 3 into Pond 2. At no time, however, was there
any flow out of Pond 2 to Pond 1 downstream. Pond 2 in fact became two ponds as water levels
dropped in Pond 2 over the course of the fish rescue period.

Minard, J. 2004. Fish Habitat Rehabilitation Plan for Towhee Creek. A submission to DFO and MOELP for
approvals to proceed. Tsolum River Restoration Society report. 24 p.
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Figure 2. Map of Pond 2 showing the wetted areas present on April 15 and July 10, 2020.

Figure 3. Map of Pond 3 showing the wetted areas present on April 15 and July 10, 2020.
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Like Pond 1, Ponds 2 & 3 both have substrates composed almost entirely of fine silts and decomposing
vegetation, with aquatic vegetation in shallow sections of the ponds and an abundance of floating and
sunken small and large woody debris throughout. During the rescue period water depth averaged over
1.0 m in Ponds 2 and 3, ranging from 0.3 to >2.0 m in spots. The banks are gently to moderately angled,
and thickly vegetated with trees, shrubs, and sedges (Figures 4 and 5).

Figure 4. View of Pond 2 from the upstream end of the pond.

Figure 5. View of Pond 3 from the bank opposite the inlet.

Methods
Water Quality
Water temperatures (C) and dissolved oxygen levels (mg/L, % saturation) were monitored at various
sites and times in Ponds 2 & 3. This helped determine not only the need for salvaging coho salmon in
the ponds, but also which areas in the ponds juvenile coho possibly avoided due to poor water quality.
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Chronic and acute incipient lethal DO levels for salmonids are widely considered to be 4.0 mg/L and 2.0
mg/L, respectively. Ideally rescue operations should be completed at DO levels above these levels to
ensure the transferring of healthy fish. Generally, the lowest DO levels were found close to the bottom.
In times of declining DO levels, traps were either suspended over deep water or set in the inshore
shallower sites to reduce fish mortalities due to anoxia.
Fish Rescue
From April 16 to May 18, 2020, fish in Ponds 2 & 3 were captured with a combination of 1/8” and 1/4”
galvanized steel mesh Gee-Minnow traps (Cuba Manufacturing Ltd, NY, Figure 6). Comparison of
catches between the traps did not indicate any mesh size was better at catching juvenile coho. Each
trap was baited with approximately 1 cm3 of pickled salmon roe that was wrapped in a small plastic
baggy and placed inside the trap. Just before closing and setting each trap, the bag of roe was snagged a
few times on the wire mesh at the inside end of the trap funnel (Figure 7) to expose the roe to the water
and spread its scent.

Figure 6. The Gee-Minnow Trap, Cuba Manufacturing Inc.

Figure 7. Small plastic bags containing bait (salmon roe) were placed in each trap, snagging the bags on
the cut ends of wire mesh on the funnel to expose the roe to the water and spread its scent.
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Minnow traps were used exclusively to catch fish from April 17 to May 13 in Pond 3 and from April 17 to
May 18 in Pond 2. Ten to fifteen traps were typically set each time a pond was trapped. Minnow traps
were usually set in the morning at depths of 0.3 to 1.0 m and retrieved the next morning after soaking
overnight for 20-24 hours. Traps were placed around the edges of the ponds and tied off to branches or
sticks on the edge of the pond.
A 40’ long X 4’ deep fine mesh (1/8”) pole seine was also used to capture fish in both ponds after May 17
(Figures 8 and 9). Seven seine hauls were made on four separate days in Pond 3 from May 17 to June 4,
while five seine hauls were made on three separate days in Pond 2 from May 20 to June 4. The focus of
the seining was on the deeper areas of each pond that were hard to sample with minnow traps.

Figure 8. Circling juvenile coho salmon in the middle of Pond 2 with a 40 foot long by 4-foot-deep fine
mesh pole seine, May 22, 2020.

Figure 9. Beaching the seine and corralling juvenile coho up against the shore in Pond 2, May 22, 2020.
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All juvenile coho salmon captured on the first day were counted and measured to the nearest mm fork
length. They were then marked with a partial lower caudal fin clip (Figure 10, left) and released back
into the pond. On every fish trapping or seining day after that, all captured fish were individually
counted and examined for a lower caudal fin clip, recording how many fish were marked and how many
fish were unmarked (Figure 10, right).

Figure 10. Left, clipping the lower caudal fin on a juvenile coho for mark-recapture estimates in Ponds 2
& 3. Right, A lower caudal fin clipped coho on the right, compared to an unclipped coho on the left.
All fish captured by minnow trapping or seining were tipped or hand-netted into buckets of aerated
water for later processing. All healthy-looking fish captured were then taken to a central staging area
and placed in a larger aerated tub for processing (Figure 11). This involved lifting or dip netting each fish
into a clear plastic viewer so that it could be measured to the nearest mm fork length and examined for
fin clips. When all fish were measured and examined for marks, fish were then transported to a large
quiet pool on the Tsolum River just upstream from the mouth of Towhee Creek and released. Dead fish
found in the traps were retained for ageing by removing and examining their otoliths for annuli.

Figure 11. Checking and counting the number of marked and unmarked
coho juveniles captured in the Towhee Creek ponds.
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Fish Population Estimates
The number of marked and unmarked coho salmon juveniles captured each day was recorded
separately for each Pond. The number of fish that were present the first day in each Pond was then
estimated with the following simple formula for “Petersen Estimates” (in Seber 1973, Chapter 3 2):
N = (M+1) (C+1)/(R+1), where
N is the size of the population.
M is the number of fish marked.
C is the number of fish caught and checked for marks.
R is the number of fish caught that were marked (i.e., “Recaptures”).
Each additional day of trapping or seining provided more information on how many juvenile coho
salmon were originally present in the ponds when the project started, and by inference how many coho
juveniles remained to be captured. Pond 2 and Pond 3 were initially treated as closed systems with no
fish immigration or emigration in or out of each pond. However, when Towhee Creek started to flow
out of Pond 3 downstream into Pond 2 for a few days due to rainfall in May, some coho could have
moved between the two ponds. It was therefore decided to combine the data for both ponds for a
single estimate of the number of coho present in both ponds. These data also included coho juveniles
that may have moved downstream into the ponds from other sections of Towhee Creek upstream of
Pond 3.

Results
Water Quality
Water temperature and dissolved oxygen levels were considered adequate for fish in both Pond 2 and
Pond 3 from April 2 to May 26, 2020. At this time dissolved oxygen levels ranged from 4.6-9.7 mg/L in
(Table 1). This differed substantially from Pond 1 further downstream where dissolved oxygen levels
were typically much lower, ranging from 0.6-4.1 mg/L. The reason for the difference is not known,
though it may be related to the fact that unlike Pond 1, the water in both Ponds 2 and 3 was periodically
refreshed with water flowing down Towhee Creek into Ponds 2 and 3 when it rained. Pond 1 was more
isolated than Ponds 2 and 3, and Towhee Creek never flowed downstream into Pond 1 when it rained
during the rescue operations.
Water quality in Ponds 2 and 3 was not monitored regularly after May 26, but it declined substantially
by July 7, 2020. On July 4-7, 2020 dissolved oxygen levels were 1.6 mg/L in both ponds while water
temperatures were 14.3-15.4 C.

2

Seber, G.A.F. 1973. The estimation of animal abundance and related parameters. Griffin & Co., London.
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Table 1. Water temperature and dissolved oxygen levels in Ponds 2 & 3, April 2 to July 7, 2020.
Date

Water Temp (C)

DO (mg/L)

% Saturation

02-Apr-20
06-Apr-20
10-Apr-20
15-Apr-20
20-Apr-20
04-May-20
10-May-20
12-May-20
22-May-20
25-May-20
26-May-20
04-Jun-20
07-Jul-20

7.8-8.0
6.8-8.7
8.2-8.5
8.0-8.5
10.5-10.9
9.6-10.5
11.4-11.8
13.8-13.9
11.7
12.4-12.6
13.4
15.5
14.3-15.4

9.1-9.6
8.8-9.7
8.4-8.7
6.2-6.9
2.8-6.3
6.3-7.2
7.4
5.3-6.9
4.1
4.6-5.3
4.7
3.8
1.6*

76.5-81.0
71.7-83.2
71.1-73.5
52.2-57.5
24.9-57.0
56.5-62.8
66.2-67.4
52.4-67.0
37.2
43.3-49.2
44.0
36.0
14.8-15.8

*Note: LethaI for some coho juveniles, especially as exposure time increases.

Fish Catches
A total of 1,703 juvenile coho salmon were captured in Ponds 2 & 3 during the rescue operation. All but
44 of these fish were transferred to the Tsolum River after being captured. The 44 fish not transferred
were mainly fish that had died in Pond 2 and were observed floating on the surface of the pond after
May 15. A few fish had also suffocated in the minnow traps, usually in the deeper sets.
More juvenile coho were captured in Pond 2 (1,052) compared to Pond 3 (651). Partly the differences
were attributed to pond size since Pond 2 was approximately 18-23% larger than Pond 3, and more
traps were used in Pond 2. However, catch per unit effort (CPUE) was higher in Pond 2 for both minnow
trapping and seining, indicating that coho densities were likely also higher in Pond 2. Average CPUE for
minnow trapping was 2.9 coho per trap in Pond 2 versus 2.1 in Pond 3. Average CPUE for seining was 80
coho per seine haul in Pond 2 versus 48 in Pond 3.
Total cumulative catches of juvenile coho salmon day by day over the rescue operation is shown in
Figure 12 for Pond 2, Pond 3 and both ponds combined. After an initial steady increase in the total
cumulative catches in the first seven days (April 18-25, 2020) the rescue operation was stopped for ten
days to see if stream flows that now connected Pond 2 and 3 would eventually connect with Pond 1 and
the Tsolum River downstream. Flows never did connect downstream, and fish in Ponds 2 and 3
remained trapped and unable to move downstream to Pond 1 or the Tsolum River.
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Figure 12. The cumulative catch of juvenile coho salmon in Ponds 2 & 3 of Towhee Creek, April 18 to
June 4, 2020.
When minnow trapping resumed May 5-7, catches per unit effort declined and total catches
accumulated more slowly over the next 7-10 days. Seining in both Pond 2 and Pond 3 over the next few
days from May 17-20 dramatically increased the number of juvenile coho captured, but by May 22
catches dropped, indicating that there were few live fish left in either pond. Extensive minnow trapping
on May 26 (30 traps) produced only 7 coho, while a seine haul in each pond on June 4 yielded only 21
coho in Pond 3 but no live coho in Pond 2. There were 29 dead fish floating on the surface of Pond 2
after the bottom of the pond was stirred up by the seining. By June 4, any juvenile coho that were still
in the ponds were deemed either dead or uncatchable, and the rescue operation was terminated in
both ponds.
Juvenile Coho Population Size
On April 17, 166 juvenile coho salmon were captured, marked and released back in Ponds 2 and 3. The
number of marked and unmarked fish captured every trapping or seining session thereafter are
summarized in Table 2, together with an estimate of the number of juvenile coho salmon juveniles

Page 11

originally present on April 17, and the number of coho still left to be rescued. Estimates of the original
population size for both ponds combined are also shown graphically in Figure 13.

Cumulative
catch

No. marks
available to
catch

No. marks
recaptured

Cumulative No.
marks
recaptured

Estimated No.
coho originally
in ponds

No. left to catch

18-Apr
19-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
05-May
06-May
07-May
08-May
09-May
11-May
12-May
13-May
14-May
15-May
17-May
18-May
20-May
22-May
26-May
04-Jun

Daily catch

Date

Sample Effort

Table 2. Number of marked/unmarked juvenile coho salmon captured in Ponds 2 & 3 April 18 to June 4,
2020 and estimated initial population size on April 17, 2020. MT=minnow trap, SN=seine haul.

20 MT
25 MT
25 MT
25 MT
10 MT
25 MT
25 MT
9 MT
9 MT
25 MT
25 MT
10 MT
15 MT
25 MT
10 MT
15 MT
15 MT
2 SN, 15 MT
2 SN, 15 MT
2 SN
2 SN
30 MT
2 SN

99
78
77
123
54
62
45
14
8
46
26
19
37
49
17
36
26
245
159
357
82
8
36

99
177
254
377
431
493
538
552
560
606
632
651
688
737
754
790
816
1061
1220
1577
1659
1667
1703

166
147
140
122
115
111
105
103
103
103
102
101
100
100
95
94
94
94
86
82
77
74
73

19
7
18
7
4
6
2
0
0
1
1
1
0
5
1
0
0
8
4
5
3
1
0

19
26
44
51
55
61
63
63
63
64
65
66
66
71
72
72
72
80
84
89
92
93
93

835
1101
946
1214
1288
1331
1406
1443
1464
1560
1602
1625
1717
1712
1727
1810
1869
2190
2399
2928
2981
2963
3027

736
924
692
837
857
838
868
891
904
954
970
974
1029
975
973
1020
1053
1129
1179
1351
1322
1296
1324

Over the first week of the recapture phase of the population estimate, estimates of the original
population size on April 17 steadily increased from 835 to 1406 fish, a bias in the data we attribute to
marked coho gradually becoming more randomly distributed in the ponds. Many coho were released
after being marked where they were originally captured along the edges of the pond. Since most
minnow traps set after the marked fish were released were still set along the edges of the ponds,
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Coho Population Size (N)

marked fish during the early stages of the rescue were possibly more susceptible to recapture than
unmarked fish located away from the pond edges.

Juvenile Coho Population Estimates for
Ponds 2 & 3, April 18 to June 4, 2020
4000
3000
2000
1000
0
09-Apr 19-Apr 29-Apr 09-May 19-May 29-May 08-Jun

Sample Date
Figure 13. Sequential mark-recapture population estimates for juvenile coho salmon in Ponds 2 & 3,
April 18 to June 4, 2020.
The number of juvenile coho salmon estimated to be present in Ponds 2 & 3 continued to increase up to
1,869 on May 15. Since the actual number of coho captured to this point was only 816, this inferred
that as many as 1,050 juvenile coho were still left in the ponds on May 15, assuming no significant
mortality or loss of marked fish.
Continued sampling from May 17 to June 4 included seining with a 40-foot fine mesh pole seine in the
deeper parts of the ponds. Catches with the pole-seine after May 15 confirmed that juvenile coho
salmon were still abundant in the ponds. However, marked fish were relatively much less common than
before. As a result, the final estimated number of juvenile coho salmon present in Ponds 2 & 3 on April
17 showed a marked increase before finally leveling off at 2,900 to 3,000 fish, which was 1,300 more fish
than was captured (N=1,703). If the estimate of 2,900-3,000 coho is accurate, the 1,660 fish transferred
to the Tsolum River represents 55-56% of the fish originally present on April 17. The combined estimate
for “uncatchable” fish or fish that died during the rescue operation was by inference 44-45% of the
original population.
The number of coho salmon present at the beginning of the rescue operation may have been less than
the final estimates of 2,900 to 3,000 fish for several reasons, none of which can be determined with any
precision at this time. If marked fish had a higher mortality rate than unmarked fish, this would inflate
the estimated number of coho originally present. Similarly, if marked fish were no longer recognized as
marked, due to regeneration of the caudal fin clip, this would also inflate the number of fish originally
present.
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While there is no evidence that marked fish had higher mortality rates than unmarked fish, there is
evidence that many marked fish may have been missed. In a sample of 29 dead coho found floating on
the surface of Pond 2 on May 15, two coho initially recorded as unmarked were later discovered under
microscopic examination to have completely regenerated their clipped lower caudal fin. This would be a
significant error if all fish captured after May 15 had the same proportion of missed marks. Based on
one or two missed marks out of 29 fish on May 15, as many as 30-60 marked fish could have been
potentially missed in the 866 unmarked fish captured after May 15. An additional 30-60 marked fish in
the sample would reduce the final population estimate to 1,850-2,300 fish and increase the proportion
of the coho population rescued from 55% to 75-92%.
Juvenile coho that moved downstream from other parts of Towhee Creek upstream of Ponds 2 & 3 after
April 17 is another factor to consider because these fish would have diluted the number of marked fish
present and further inflated the estimated number of coho salmon originally present. Minnow trapping
upstream before April 17 indicated that the number of juvenile coho present in two other ponds
upstream was low (10 coho in 30 minnow traps), but not zero. If the estimate of 2,300 juvenile coho in
Ponds 2 & 3 is accurate, the 450 fish above the initial estimate of 1,850 coho may represent coho that
moved downstream into Ponds 2 & 3.
Coho Length Frequency Distribution and Age Composition
Juvenile coho salmon captured in Ponds 2 & 3 from April 17 to June 4 ranged from 65 to 121 mm in fork
length. The magnitude of the size range (56 mm) and the polymodal nature of the size class
distributions in April (Figure 14) suggested that these fish might be composed of different age classes
that overlap more than usual for fish with similar life histories.

Figure 14. Length frequency distributions of juvenile coho salmon captured by minnow traps and
minnow seines in Ponds 2 & 3, Apr 16 – Jun 4, 2020.
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Otoliths (“ear stones”) are small, calcified structures within the heads of fish that can be used to
determine the age of many fish species (Figure 15). Unfortunately, only dead fish can be aged with
otoliths.

Figure 15. A 0+ age juvenile coho salmon with the largest otolith in its head placed on the upper edge
of the eye for scale.
Examination of a limited sample (n=35) of otoliths from fish that were dead in a minnow trap or floating
dead on the surface of the water in Pond 2 in May 2020 indicates that there were two main age classes
of coho present in the two ponds. Sixteen coho (mean fork length 86.7 mm, range 75-96 mm) showed
only one distinct annulus on their otoliths, a clear band on the otoliths followed by a region of rapid
growth which we interpreted as growth in the late winter/spring of 2020 (Figure 16). Fifteen coho
(mean fork length 92.3 mm, range 75-104 mm) showed two annuli, while one coho showed three
annuli. The otoliths of three fish were unreadable.

Figure 16. From left to right, otoliths of a 1+, 2+, 2+ and 3+ juvenile coho salmon in Pond 2, May 2020.
Results of the otolith age analysis indicates that fork length of juvenile coho salmon in Ponds 2 & 3 was
poorly correlated with age and could not be used to estimate the age of the coho in these ponds. The
analysis also indicates that nearly half the coho present appeared to be 1+ fish that had spent only one
summer and one winter in freshwater, while half were 2+ fish that had spent two summers and two
winters in freshwater. This differed significantly from the juvenile coho sampled in Pond 1 where 95% of
the juveniles were estimated to be 1+ fish (Tripp et al. 2020).
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Average fork length of coho salmon juveniles sampled on April 17 was 83.1 ± 8.3 mm (1SD, n=99) in
Pond 2, and 80.8 ± 8.9 mm (1SD, n=67) in Pond 3 (Table 3). Average fork length of coho juveniles
sampled June 4 was 94.7 ± 5.4 mm (1SD, n=15) in Pond 2, and 99.3 ± 9.8 mm (1SD, n=21) in Pond 3.
Apparent increase in fork length from April 17 to June 4 was 12-18 mm. None of the captured coho
were weighed, but all fish in the April and May samples in both ponds appeared to be in good condition
with a healthy weight. In contrast, fish sampled on June 4 appeared distinctly thinner with large looking
heads relative to their bodies.
Table 3. Mean fork length (mm) of juvenile coho salmon captured in Pond 2 & 3 on Towhee Creek, April
17 to June 4, 2020.
Date
April 17
May 17
June 4

Pond 2
Mean (mm)
SD
83.1
89.3
94.7

8.3
6.4
5.4

N
99
28
15

Pond 3
Mean (mm)
SD
80.8
92.8
99.3

8.9
8.4
9.8

N
67
27
21

Other Species
Immature and mature three spine sticklebacks (Gasterosteus aculeatus) were as abundant in Pond 2 and
Pond 3 as juvenile coho salmon. Together with coho salmon these two fish species represented all the
fish species captured. Other vertebrates captured included (in order of abundance) Northwestern
salamanders (Ambystoma gracile), rough skinned newts (Taricha granulosa) and American bullfrog
(Lithobates catesbeianus) larvae. One adult red-legged frog (Rana aurora) was observed.

Discussion and Recommendations
Coho juveniles in Towhee Creek could be the progeny of adults that spawn in Towhee Creek, adults that
spawn elsewhere but whose young migrate into Towhee Creek, or some combination of the two. Since
no coho fry were captured in G-traps set at four sites this year (2020) on May 18 2020 upstream of
Headquarters Road, it appears that no coho spawned in Towhee Creek in 2019. While past records
indicate sometimes substantial numbers of adult coho spawning in Towhee Creek (up to 20 pairs in
1998, D. Swift, DFO, pers.com.), regular foot surveys and trapping in lower and upper Towhee and
Towhee Tributary is recommended over the next two years to substantiate the presence/absence of
coho spawning or coho fry in Towhee Creek. Regular trapping in all the ponds over the next fall and
winter periods is also recommended to determine when coho juveniles move into the ponds.
The most significant problem preventing coho juveniles emigrating out of Ponds 1, 2 and 3 on Towhee
Creek down to the Tsolum River in spring 2020 was the absence of water for almost the entire smolt
outmigration period (approx. mid-April to mid-May) in the 120 m long stream channel between Pond 2
and Pond 1, and the 110 m long channel between Pond 1 and the Tsolum River. Water only flowed out
of Pond 3 to Pond 2 for a week after rainfall in early May. This increase in flow from Pond 3 raised the
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water level in Pond 2 downstream, but not enough to result in any water flow out of Pond 2
downstream to Pond 1. It appears that Pond 2 may be losing water to the local groundwater system,
which means higher flows from Pond 3 are needed to offset this loss before Pond 2 can fill up and flow
downstream to Pond 1. Flows in the channel between Pond 1 and Pond 2 were only observed for two
days or so in March 2020, while no flows were ever observed out of Pond 1 to the Tsolum River. Water
levels in Pond 1 fluctuated in tandem with water levels in the Tsolum River, indicating good
underground connectivity, and understanding this dynamic is important for future pond or channel
renovations.
The ponds that were constructed in 2005 on Towhee Creek presently appear to be “fish traps”, where
juvenile coho are unable to swim down to the Tsolum River in spring as they develop into smolts and try
to migrate to sea. It is not known if this is the case every year, or if it only occurs in some years. It is
also not known how much both immigration into Towhee or emigration out of Towhee Creek depends
on flows in Towhee Creek, and how much is determined by water levels in the Tsolum River. It is
possible that successful emigration out of Towhee Creek by juvenile coho in the spring may require a
combination of enough rainfall in Towhee Creek so that water flows out of Pond 2, plus enough water in
the Tsolum River so that the lowermost channel below Pond 1 gets backwatered.
There are no historic flow data for Towhee Creek, however rainfall may be a useful proxy for flows since
all of Towhee Creek lies within an area where virtually all precipitation is rainfall. Monthly rainfall
records for March, April and May over the past 23 years suggest that both March and April in 2020 were
considerably drier than normal, while May was close to normal. In 2018 and 2019, March and May were
both drier than normal while April was close to normal. In this report “drier” means the monthly rainfall
was lower than the first quartile values shown in Table 4, while “normal” was a value between the first
and third quartile values. Figure 17 shows the range and median values for March, April and May
rainfall near Towhee Creek for the period 1998-2020 (rainfall data from Environment Canada Station
Courtenay Puntledge). Similar data for the 1981-2000 period indicates that rainfall then in March was
effectively the same (132 mm) as the last 20 years, wetter in April (91 mm) and slightly wetter in May
(53 mm).
If the absence of suitable flows in lower Towhee Creek (downstream of Pond 2) is a regular annual event
during the outmigration period for juvenile coho salmon, then steps are needed to protect what existing
water storage still exists in the watershed so that more water is available for flows in spring. Steps
should also be considered for slowing down and storing excessive run-off from impermeable surfaces in
the watershed, including the roads, parking areas and buildings associated with the George Vanier
Secondary School and the CVRD Sports Center. Excessive run-off may be attracting more coho into
Towhee Creek in the fall and winter than normal. If it is not feasible to augment spring flows by
reducing or storing fall/winter runoff for later release in spring, then steps to augment the flow in
Towhee Creek by other means should be assessed. One possibility would be to pump water from the
Tsolum River to Pond 2 during parts or all the spring outmigration period, to help juvenile coho salmon
trapped in Towhee Creek swim downstream to the Tsolum River.
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Table 4. Monthly rainfall statistics for March, April and May near Towhee Creek, 1998-2020.
Statistic

March
(47.0 mm in 2020)

April
(26.6 mm in 2020)

May
(48.2 mm in 2020)

130.29
22
77.741
2.8000
83.600
113.50
173.78

72.413
23
56.071
21.400
27.500
47.800
109.60

45.283
23
26.956
0.0000
26.000
42.600
55.800

Mean (1998-2020)
N
SD
Minimum
1st Quartile
Median
3rd Quartile

Towhee Creek Mean Monthly Precipitation

Precipitation (mm)

320

240

160

80

0

March

April

May

1998-2020 Data
Figure 17. Box and whisker plots for 1998-2020 monthly rainfall data near Towhee Creek. The box
encloses the middle half of the data, bounded by the lower and upper quartiles. The box is
bisected by a line at the value for the median. The vertical lines at the top and bottom of the
box indicate the range of “typical” data values. The star is a possible outlier value.
With enough traps and trapping every other day, results of the G-trapping mark-recapture data in Ponds
1, 2 and 3 suggest that 88-92% of juvenile coho trapped in the ponds on Towhee Creek can be rescued
and relocated. The data also indicate that it could take over twice the effort to catch the remaining 15%
of these fish compared with the first 85%. To reduce the amount of time needed to rescue fish, other
capture methods such as fine mesh seines or other types of fish traps (e.g., large “Clover-leaf” type
traps) could also be used or tested. In addition to increasing the number of fish that can be captured in
a limited period, the use of other capture methods helps to remove the bias associated with single
sample methods when doing mark-recapture estimates.
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Time is of the essence if there is a risk that higher temperatures and/or low DO levels could cause fish to
die before they are rescued. Rescue operations should therefore try to be completed before the end of
the smolt outmigration period. If partial fin clips are used to mark fish for estimating fish numbers, then
it is also important to compete the rescue operation before such fin clips regenerate and become too
hard to identify in the field. Finally, caution is advised during seining not to stir up any organic or muckbottomed substrates too much, as this could lead to a sudden fish kill due to a decrease in DO levels,
especially when DO is approaching 4mg/l. Seining should probably be avoided altogether in these
conditions when dissolved oxygen levels are less than 4 mg/l.
Future rescue operations in Towhee Creek need to be aware of the coho juveniles that use the channels
that connect Pond 1 and the Tsolum River and Pond 1 and Pond 2. Because these channels are the two
areas of Towhee Creek most susceptible to dewatering, they should be the focus of the first rescue
operations, before initiating rescue work in the Ponds or the rest of Towhee Creek above Pond 3. Flows
and juvenile coho salmon numbers in these two channels should be regularly monitored over the winter
and early spring, and steps taken when flows cease to move the juvenile coho trapped in these channels
to the closest Ponds. Rescue operations in the Ponds and other sections of Towhee Creek would then
be undertaken later when the coho trapped in those areas are ready to emigrate.
Based on our experience in Towhee Creek, we recommend all future rescue operations try to include a
mark- recapture component, so that the number of fish present at the start of the operations can be
adequately assessed. This means that suitably trained people should be available so that fish are
handled and marked in a safe, appropriate manner that does not affect their survival. If fin clipping is
deemed too stressful, then other methods such as marking with vital dyes or fluorescent grit are
available. Knowing the initial population level at the beginning of a rescue operation will greatly help
determine how long the operation should continue, or what the loss of fish might be if the operation
stops. It will also help determine how important ephemeral or intermittent streams are in a watershed,
or how fish use in these streams may be changing.
Constructed ponds like Ponds 1 to 6 in Towhee Creek are common on other properties in the Tsolum
River watershed. It is possible that a significant portion of these type of ponds also attract and trap
coho salmon juveniles. It is therefore worthwhile to determine more precisely how many constructed
ponds/dug outs there actually are in the Tsolum watershed, what their characteristics are (e.g., area,
depth, substrates, inflows/outflows, seasonal water temperatures and DO concentrations) and how
many coho may be getting trapped and dying in the ponds. With this information, the potential gains or
losses to coho stocks attributable to ponds/dugouts in the watershed can start to be assessed, and
ultimately the effects of ponds/dugouts on recruitment to the salmon fishery.
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juveniles trapped in Ponds 2 and 3 and take them to the Tsolum River where they could continue their
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