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Abstract

The timing of breeding is a key trait, reflecting selective forces
acting on the adults and offspring in the population, contributing
to reproductive isolation, and affecting the population’s success
during rapid environmental change. Salmon and trout popula-
tions vary greatly in the peak and range of breeding dates, and
timing is a defining trait for salmonid populations. This study
reports the occurrence and details of spawning by Coastal Cut-
throat Trout Oncorhynchus clarkii clarkii in Indian Creek in the
Elwha River, Washington, in October and November. This is
unusually early in the season for this characteristically spring-
spawning species and is much earlier than conspecifics elsewhere
in the river system and the region. We hypothesize that the
stream’s low gradient and lake-dampened hydrologic regime
reduced the depth of gravel scouring in the fall, and thus permit-
ted the evolution of such an early breeding date by these small-
bodied (ca. 20-35 cm) fish. The exclusion of otherwise sympatric,
fall-spawning Coho Salmon O. kisutch for the past century from
the habitat by Elwha Dam may also have contributed to this
adaptation, and the recolonization by the larger and later-spawn-
ing Coho Salmon may have affected the Coastal Cutthroat Trout
through redd disturbance.

The timing of breeding by animals is a very important fea-
ture of their biology, as it reflects ecological pressures on
both parents and offspring (Krebs and Davies 1997). The

great majority of freshwater fishes in the Northern Hemi-
sphere breed in spring. A short larval period follows, allow-
ing juveniles to feed when temperatures and food availability
favor growth (Wootton 1984). Salmonids are among the few
fishes in this region that breed in the fall, and they compen-
sate for this with large eggs and protracted embryonic devel-
opment so that juveniles emerge to feed in spring (Wootton
1984). Fall spawning is characteristic of the genera Salmo
(Jonsson and Jonsson 2011) and Salvelinus (Balon 1980), and
the semelparous Pacific salmon of the genus Oncorhynchus
(Quinn 2005). In this case, fall is somewhat loosely defined,
because Sockeye Salmon O. nerka begin spawning in mid to
late July in southwestern Alaska (Burgner 1991), Coho
Salmon O. kisutch can spawn as early as October and as late
as March (Sandercock 1991), and Chum Salmon O. keta can
spawn from July to March (Salo 1991). Unlike other salmo-
nids, Pacific trout of the genus Oncorhynchus, including Cut-
throat Trout O. clarkii and Rainbow Trout O. mykiss
typically spawn in spring on the descending limb of the
hydrograph as water temperatures increase (Behnke 1992).
However, there are exceptions among native Rainbow Trout
populations (Shapovalov and Taft 1954; Buchanan et al.
1990; Hemmingsen and Buchanan 1993) and introduced pop-
ulations (e.g., Van Velson 1974). These exceptions are often
associated with unusual physical features, such as the Rain-
bow Trout spawning in late November and early December
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in the geothermally heated waters of the Firehole River in
Yellowstone National Park, Wyoming (Kaya 1977).

In Oregon, Washington, and southern British Columbia,
Coastal Cutthroat Trout O. clarkii clarkii generally spawn
from mid-December through June with a peak occurring typi-
cally in February, and emerge as fry in spring (Trotter 1989).
Spawning occurs later (April and May) in colder streams in
Alaska (e.g., Armstrong 1971; Saiget et al. 2007). Given
these general patterns, preliminary observations (M. L.
McHenry, unpublished data) of what appeared to be spawn-
ing Coastal Cutthroat Trout (hereafter, Cutthroat Trout, as no
other subspecies is found in this basin) from mid-October
through November in the upper reaches of Indian Creek, a
tributary of the Elwha River in the Olympic Peninsula of
Washington, seemed sufficiently unusual to merit further
investigation. Montgomery et al. (1999) hypothesized that
high flows select against fall spawning in such small-bodied
salmonids, so we assessed aspects of the habitat, flow, and
thermal regimes that might permit or select for fall spawning.
Moreover, the habitat where these trout spawn had been inac-
cessible to anadromous fishes since the construction of the
Elwha Dam without fish passage facilities in 1913 (Duda
et al. 2008). The dam was removed in fall 2011 and anadro-
mous fishes are colonizing the habitat, including larger-bod-
ied Coho Salmon that may compete with the Cutthroat Trout

Lake

S
Crescent '

¥ Stream Gages
Indian Creek Subwatershed

for spawning habitat as adults and compete for food and
space as juveniles.

The selective advantage of early spawning by Cutthroat
Trout may be altered by colonizing Coho Salmon through
redd superimposition (Hayes 1987; Essington et al. 1998).
Hence, it seemed particularly important to document the
spawning timing of the trout and salmon before the anticipated
numerical and spatial expansion of salmon. Accordingly, the
purposes of this investigation were to (1) document the spawn-
ing by Cutthroat Trout in this system, including the dates of
redd construction and redd site characteristics, (2) determine
whether stream flow and temperature in the spawning reach
differ from the lower part of the creek where Cutthroat Trout
do not spawn in the fall, and (3) document the spatial and tem-
poral extent of spawning by Coho Salmon. Such information
may identify factors that influence the timing of breeding by
Cutthroat Trout in this system, provide insights into future
interactions with colonizing Coho Salmon, and guide investi-
gation of Cutthroat Trout reproductive timing elsewhere.

METHODS

Study site—Indian Creek is a second-order stream (wet-
ted width, 5-13 m) originating at the outlet of Lake Suther-
land (elevation, 160 m), and flowing 9.1 km west into the

[0 Washington
State

FIGURE 1. Indian Creek within the Elwha River drainage, Olympic Peninsula, Washington, and the location of the survey reach where the Coastal Cutthroat

Trout redds were observed.
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TABLE 1. The locations of upper and lower Indian Creek and physical attributes relevant to spawning Coastal Cutthroat Trout, including channel gradient and
mean width, depth, water temperature, and stream flow for the entire year and, in parentheses, during the fall spawning period, and CV of flow during the fall

spawning period.

Attribute Upper Indian Creek Lower Indian Creek
Location (rkm) 7.1-9.1 0.0-7.1
Channel gradient (%) (SD) 0.4 (0.01) 1.7 (1.1)
Mean wetted width (m) (SD) 6.1 (1.6) 104 (3.1)
Mean depth (m) (SD) 0.70 (0.22) 0.40 (0.13)
Mean water temperature (°C) for entire year (October—November) 12.3 (10.3) 9.0 (8.0)
Mean stream flow (rn3 /s) for entire year (October—November) 0.56 (0.36) 1.61 (1.56)

CV of stream flow in October—November 0.18 0.72

Elwha River at river kilometer (rkm) 12.7 (elevation 65 m)
(Figure 1). Lake Sutherland is a small (area, 146 ha; mean
depth, 17.4 m) lake that drains 21 km? (Hiss and Wunderlich
1994). Groundwater inputs are the dominant source of water
for Lake Sutherland, and Fall’s Creek, the principle source
of surface water, is very small. Consequently, Indian Creek
has a slow and rather steady flow regime.

Indian Creek is unusual in that the upper 2.0 km below the
lake are very different from the lower 7.1 km (Table 1), and it
is the only stream in the Elwha River drainage known to sup-
port an abundant population of Cutthroat Trout, which is oth-
erwise dominated by Rainbow Trout (Brenkman et al. 2008).
Indian Creek has a very low gradient below the lake for
2.0 km (Table 1) as evidenced by its small substrate and lack
of pool and riffle formations. In this reach there is dense
instream and overhead cover from standing and fallen trees
that protects rearing and spawning salmonids, but also greatly
hinders surveying. Moving downstream, the creek gradually
steepens, becoming more representative of typical mountain
streams with alternating pools, riffles, and rapids. The fish
population in the upper 2.0 km of Indian Creek is dominated
by Cutthroat Trout, although within 400 m of the lake there
are also a few Redside Shiners Richardsonius balteatus and
spawning kokanee (lacustrine Sockeye Salmon). The latter
species are absent in the lower 7.0 km of the creek, where the
population is a mixture of Cutthroat Trout and resident Rain-
bow Trout. During and following the removal of the former
Elwha Dam in 2011-2013, anadromous Coho Salmon, Chi-
nook Salmon O. tshawytscha, and steelhead (anadromous
Rainbow Trout) were reintroduced by comanagers to Indian
Creek, but Chinook Salmon and steelhead have so far only
been observed spawning in the lower 4.5 km of the creek (J.
R. McMillan, unpublished data). Given the differences in habi-
tat features and salmonid populations, we delineated the
stream into two sections: upper (rkm 7.1-9.1) and lower (rkm
0.0-7.1) Indian Creek (Figure 1; Table 1).

Redd counts, particle size sampling, and observations of
spawning Cutthroat Trout—We conducted weekly surveys by
foot and snorkeling in 2012 and 2013 to determine the tempo-
ral and spatial extent of Cutthroat Trout spawning. Weekly

redd surveys were conducted on 14 dates in 2012 and 13 dates
in 2013, from October through early January, and monthly sur-
veys thereafter in 2012. We surveyed from rkm 7.1-8.9, the
bottom of which is 7.1 km upstream from its confluence with
the Elwha River and the upper part of which is 225 m down-
stream from the lake’s outlet (Figure 1). After several initial
surveys it was clear that nearly all Cutthroat Trout spawning
occurred from rkm 8.2 to rkm 8.9, so we selected a representa-
tive 300-m reach to avoid damaging the ubiquitous but small
redds. Redds, identified as disturbed areas in the stream bed
where gravels were overturned to form the oval depression
and tail spill characteristic of salmonids, were counted, and
the locations were recorded on a hand-held GPS to prevent
double counting in subsequent surveys. In 2012 we measured
the surface area of 30 redds (length and width to nearest centi-
meter) and quantified the substrate size in the redd pit and the
surrounding disturbed area by measuring the median axis on
100 randomly selected pebbles to the nearest millimeter (Wol-
man 1954). Substrate size was summarized as D50 (size of the
50th percentile). We tested for linear correlation between redd
surface area and D50 substrate size using a Pearson product-
moment correlation.

We also conducted weekly snorkel surveys to estimate the
abundance and body length of male and female Cutthroat
Trout and to record any reproductive behaviors (e.g., females
digging redds, males courting and competing for access to
females). We also counted Coho Salmon redds in 2012 and
2013 from rkm 7.1 to rkm 8.9 and in lower Indian Creek from
rkm 0.0 to tkm 7.1. In the latter section we also counted Cut-
throat Trout and smaller-sized Cutthroat Trout redds if they
were present.

Stream flow, temperature, and habitat.—We obtained daily
discharge (m’/s) and water temperature data in upper and
lower Indian Creek to test the hypothesis that fall spawning is
associated with a more moderate flow regime and to allow
estimation of embryo incubation rates. The upper Indian Creek
gauge (Washington State Department of Ecology Gauge ID
18Q240) was at rkm 8.6, within the reach where the Cutthroat
Trout spawned in the fall, and the lower Indian Creek gauge
(Washington State Department of Ecology Gauge ID 18C070)
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was at rkm 1.4, where they have not been observed spawning
in the fall. Continuous stream flow and water temperature data
were not available, so we used the most recent data (water
year 2009-2010 for stream flow and 2011-2012 for water tem-
perature). Only weekly discharge measurements were avail-
able for the upper Indian Creek gauge, whereas daily
measurements of mean discharge were obtained at the lower
Indian Creek gauge.

RESULTS

Timing of Redd Excavation and Spawning Activity

We counted 104 Cutthroat Trout redds in 2012 and 138 in
2013, all of which were in upper Indian Creek. We did not
enumerate any Cutthroat Trout redds in lower Indian Creek
while conducting Coho Salmon redd surveys. The spawning
period in upper Indian Creek was restricted to the fall, lasting
approximately 7 weeks in 2012 (October 20—-December 5) and
8 weeks in 2013 (October 4-December 2; Figure 2a). In 2012
most redds were constructed within a 2-week period in mid-
November, but spawning was even earlier in 2013, occurring
I Cutthroat redds 2012~ T 190
W Cutthroat Redds 2013
<=~ Spawning cutthroat 2012 T 80
—=— Spawning cutthroat 2013

T 60

Number of redds

T 40

Number of spawning fish

T 20

=-r-l.‘_' ~ T . T 0

40T [] Coho redds 2012

M B Coho redds 2013

0+

20+

Number of redds

10 T

FIGURE 2. Timing of redd excavation and spawning activity by week (1-4)
and month for (a) Coastal Cutthroat Trout in 300 m of upper Indian Creek by
week (1-4) and month for 2012 and 2013, and (b) the number of Coho Salmon
redds counted in Indian Creek throughout the entire drainage in 2012 and
2013.

primarily in mid-October (Figure 2a). No redds were counted
during winter—spring of 2012 or 2013. The downstream extent
of spawning by Cutthroat Trout mostly ended at the head of a
large beaver pond at rkm 8.2 but continued sporadically down-
stream to rkm 7.3.

Cutthroat Trout displaying reproductive activity were abun-
dant (141 in 2012 and 232 in 2013). The peak counts tended to
match the timing of redd counts (Figure 2a). In most cases, a
single female occupied a redd and was flanked by several (up
to 12) males. Total length of spawners was estimated visually
as 100-375 mm. Of those, 58 (41%) in 2012 and 85 (37%) in
2013 were apparently females based on their spawning behav-
ior, body morphology (e.g., short blunt nose and head), and
other features (e.g., worn edges on the tails, distended oviposi-
tors). The largest fish were apparently females (200-375 mm);
males were mostly between 100 and 250 mm with a few larger
than 300 mm.

We counted 142 Coho Salmon redds in Indian Creek in
2012 and another 120 redds in 2013. Only three redds were
enumerated in an area that directly overlapped with the dense
congregation of spawning Cutthroat Trout, but 29 redds were
in the reach immediately downstream from the beaver pond at
rkm 8.2 where a few Cutthroat Trout spawned. Coho Salmon
spawning ranged from November to January and overlapped
with Cutthroat Trout, though the trout began spawning before
the salmon (Figure 2b). Peak Coho Salmon spawning occurred
during the first 3 weeks of November in 2012, and during late
November and early December in 2013 (Figure 2b).

Redd Size and Redd Particle Size

The mean surface area of 30 measured Cutthroat Trout
redds was 664 cm> (SD = 419; range, 225-1,560 sz)_ Parti-
cle size distributions within the redd pits and surrounding dis-
turbed areas also varied but were generally small (D50 range,
8—19 mm; mean = 11.5, SD = 2.8; maximum particle size
range, 27-55 mm). The minimum particle size was less than
2 mm in all but two redds, where it was 3 mm. There was a
strong positive correlation between redd substrate D50 and
redd size (Pearson’s correlation coefficient = 0.88, df = 29,
P < 0.0001).

Stream Flow and Water Temperature

The upper and lower sections of Indian Creek differed in
water temperature and flow regimes (Figure 3a, b). Upper
Indian Creek was warmer than lower Indian Creek (and some-
times substantially so) in the spring, summer, and fall but was
similar or colder in winter (Figure 3a; Table 1). During the
fall Cutthroat Trout spawning period, upper Indian Creek
ranged from 8.0°C to 13.0°C, compared with 6.5-9.0°C in
lower Indian Creek (Figure 3a; Table 1). Peak flows were
greatly reduced and occurred later in the year in upper Indian
Creek compared with lower Indian Creek, particularly during
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FIGURE 3. Annual patterns in daily mean (a) water temperature (°C) in
2011-2012 and (b) stream flow (m>/s) in lower (gray line) and upper (black
squares) Indian Creek in 2009-2010. Stream flow measurements were taken
weekly in upper Indian Creek and hourly in lower Indian Creek.

the spawning season (Figure 3b; Table 1). For example, flows
in upper Indian Creek ranged only from 0.34 to 0.40 m*/s dur-
ing the spawning season and peaked at only 1.39 m*/s in Janu-
ary (Figure 3b); the CV (SD/mean) in flow was 0.18
(Table 1). In comparison, flows ranged from 0.68 to 5.09 m*/s
during the same period in lower Indian Creek (Figure 3b) and
the CV in flow was 0.72 (Table 1).

DISCUSSION

Our major finding was the documentation of an unusually
early and brief spawning period by Coastal Cutthroat Trout in
Indian Creek, which contrasts with the more protracted spring
spawning of most Pacific trout species (Behnke 1992). The
timing of Cutthroat Trout spawning in Indian Creek is several
months prior to the average of February through May in most
Pacific Northwest populations (Trotter 1989), though Cut-
throat Trout in nearby Lake Crescent also begin spawning
early but over a much more protracted period (Samuel

Brenkman, U.S. National Park Service, personal communica-
tion). Breeding date can evolve quickly under natural (Quinn
et al. 2000) and artificial selection (Siitonen and Gall 1989;
Sato et al. 2000; Quinn et al. 2002), and some streams have
early and late spawning runs of salmon, sometimes spatially
separated (Tallman and Healey 1991) and sometimes sympat-
ric (Gharrett et al. 2013). In Indian Creek, the fall spawning is
restricted to the upper section near the lake, as only spring
spawning has been seen in the lower section during steelhead
redd counts (McMillan, unpublished data). Such divergence in
timing over a small spatial scale is especially remarkable
because the shift is not merely earlier within the spring season
but from spring to fall, reversing the normal trout cues for
reproduction with increasing temperature and day length.

The Cutthroat Trout in Indian Creek fell within the range of
body sizes previously reported (Trotter 2008). However, the
range of substrate particle sizes (2-55 mm) and median parti-
cle size in our study were smaller or at the lower end of sub-
strate size ranges reported previously for Coastal Cutthroat
Trout redds (16-64 mm: Hooper 1973; 6-102 mm: Hunter
1973; 20-50 mm: June 1981) and for larger-bodied subspecies
of interior Cutthroat Trout (60—100 mm: Cope 1957; Hickman
and Raleigh 1982; Varley and Gresswell 1988; Thurow and
King 1994). The substrate size in redds in our study reflects
the smaller substrates present in upper Indian Creek compared
with those in lower Indian Creek and other tributaries in the
Elwha River basin (G. R. Pess, unpublished data).

The number of small-bodied Cutthroat Trout spawning
early in the season in the same reach in multiple years suggests
that this is a viable, discrete population. We hypothesize the
fall spawning may occur here for several reasons. First, the
flow regime and gravel scour that typically preclude fall
spawning by small-bodied salmonids (Montgomery et al.
1999) must be relaxed; it is unlikely that the small females in
Indian Creek could dig redds deep enough to avoid scour dur-
ing the higher flows of fall and winter that characterize many
coastal streams. For example, Kennedy Creek, in southern
Puget Sound, is dominated by fall rains and commonly scours
to depths of 10-20 cm (Montgomery et al. 1996; Schuett-
Hames et al. 2000). Given the general relationship between
female length and egg burial depth (Quinn 2005), a 300-mm
female trout would bury her eggs only 8—10 cm deep, expos-
ing embryos to scouring flow events, but large-bodied Chum
Salmon successfully spawn in November. In upper Indian
Creek, however, the peak stream flows were delayed and dra-
matically reduced, which presumably also reduced scour,
compared with lower Indian Creek. We cannot be sure why
this happens in upper Indian Creek, but the extensive ground-
water and the lake may combine to flatten the fall and winter
hydrograph.

The moderate temperature regime in upper Indian Creek
likely also reflects proximity to the lake, and it too may affect
spawning timing in this system. Temperatures were warmer
during the fall spawning period in upper Indian Creek and also
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became warmer earlier in the spring than in lower Indian
Creek, and warmer water accelerates embryonic development.
Based on a temperature (8.0°C), which is similar to that of
upper Indian Creek after spawning in early October, we pre-
dicted Cutthroat Trout fry would emerge after 79 d, in mid-
December (estimated from data in Merriman 1935; Murray
and McPhail 1988).

In addition to the mild regimes of flow and temperature, we
hypothesize that the unusually early timing of spawning by
Cutthroat Trout in upper Indian Creek reflects, in part, the
absence of competition with larger, anadromous Coho
Salmon. Coho Salmon have been excluded from the stream
for almost 100 years by the Elwha Dam (Brenkman et al.
2008), but since the dam has been removed they are now pres-
ent and likely to become increasingly abundant. Their spawn-
ing timing overlapped with, but was generally later than, that
of the Cutthroat Trout. Competition for redd sites and redd
superimposition by the larger-bodied salmon may select
against early spawning by Cutthroat Trout in the reach studied
here, as the spawning trout used much of the suitable stream
bottom. Such interspecific competition affected the survival
and dynamics of Brown Trout Salmo trutta and Rainbow Trout
in New Zealand (Hayes 1987), and nonnative Chinook Salmon
seem to have had a negative effect on native Atlantic Salmon
S. salar in Lake Ontario tributaries (Scott et al. 2003). The
effects of Coho Salmon on Cutthroat Trout could be magnified
if the salmon selectively re-used trout redd sites, as was
reported for Brook Trout Salvelinus fontinalis and Brown
Trout in Minnesota (Essington et al. 1998).

Increased overlap in spawning locations could also increase
interactions among juveniles, and larger Coho Salmon tend to
dominate Cutthroat Trout (Sabo and Pauley 1997). However,
the earlier spawning by trout in upper Indian Creek could
reverse the normal pattern in which salmon emerge earlier and
achieve a larger size at age. At an average incubation tempera-
ture of 8.0°C, Coho Salmon would require 109 d to emerge
after spawning (Murray and McPhail 1988). Combined with
the later spawning date, the Coho Salmon fry would emerge in
mid-March compared with mid-December for the trout,
reversing the normal pattern in these species. Earlier emer-
gence by the Cutthroat Trout may allow them to grow and
establish territories (Rhodes and Quinn 1998) before Coho
Salmon emerge and thus compensate somewhat for their
smaller initial size, though growth opportunities during winter
are likely limited.

In conclusion, we documented unusually early spawning by
Coastal Cutthroat Trout in one small reach of a tributary to the
Elwha River. We were not able to determine the specific
causes, but a strong candidate is the local hydrology that
delays and truncates the fall peak flow events. The evolution
of this unusual timing of reproduction could also be related to
the absence of competition with fall-spawning Coho Salmon.
It is difficult to predict whether the breeding time of Cutthroat
Trout will persist as Coho Salmon abundance increases

following dam removal, but the outcome will likely depend on
the extent of spatial and temporal overlap during breeding and
rearing. In this context, understanding dam removal is as
much about documenting changes in upstream populations as
it is about documenting the recolonization of anadromous sal-
monids from below the dam. Finally, the physical environment
of upper Indian Creek is unusual but probably not unique, and
other Coastal Cutthroat Trout populations spawn in small
streams below beaver dams or have other features to moderate
the thermal and flow regimes. If these populations spawn
above barriers to anadromous salmon, they might also exhibit
early spawning. Information on such populations might pro-
vide a useful test of the hypotheses underlying the present
study.
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