














2001() Saras & Svyper: Diel Fisn HapiraT 37

Tame 2.—Average reach data for major fish taxa collected

Average fish/m” per reach X< 100
Reach number

1 2 4 4 3

ot

Ave. tork
length (cm)  day  night  day  night  day  night  day  night  day  night  day  night

Chinook salmon 6.0) 21 1.1 0.8 20 16 03 18 06 1.1 05 1.1 0.7

coho salmon 5.5 1.4 6.1 bS5 32 5H2 68 10 14 0.7 1.1 03 08
RBT < 7 cm 4.2 2.9 3.5 1.3 1.4 03 05 06 00 0.0 ol 0.3 0.0
RBT > 7 cm 12.9 ().0) (.0 0.5 04 1.1 0.5 02 04 05 0.7 08 08
Burbaot 11.7 1.0 1.0 28 49 4.1 35 20 08 05 19 1.2 09

Mottled sculpin 5.4 3.1 3.4 94 8.1 54 683 5H4 86 52 11.8 8.1 8.8

Salmonids—day and night.—Pearson correlations indicated during the day, salmonids
selected deeper and sandier reaches with more LWD, whereas at night they seemed 1o select
only for reaches with more LWD (Table 3). Analysis of each sample period (step-wise MLR)
supported this during the 1™ sample period only (Table 4, Fig. 2).

Individual fish taxa—day and night.—With fish abundance data pooled for the three
sample times, coho salmon abundance during the day was positively correlated with water
depth (r = 0.541) and extent of undercut bank (r = 0.544) (Pearson correlation: Table 3).
Similarly, regression modeling indicated coho preferred reaches with cover during the day
(deeper and more extensive undercut banks) (Table 4). At night, coho shifted patterns
and appeared to prefer reaches containing more LWD (1™ sample period only, step-wise
MLR, r* = 0.84, p = 0.027; Table 4).

Chinook showed the opposite preference, selecting reaches with more LWD during the
day (1" and 2nd sample period, step-wise MLR; Table 4) and reaches with faster velocity at
night (Pearson correlation and step-wise MLR; Tables 3, 4).

Burbot generally preferred reaches with more cover both day and night (deeper, faster
and with more extensive undercut banks; Tables 3, 4), as did sculpin, which were more
abundant in deeper reaches (step-wise MLR; Table 4) and selected against reaches with
more LWD at night (Pearson correlation; Table 3).

Taste 3. —Summary of significant Pearson product moment correlation coefficients (in parentheses).
See Table 1 for units of measurement. LWD = large woody debris, 1/w/d = gravel/wood/detritus

oy Night
All fish combined depth (0.529)*
Salmonids LWD (0.485)# LWD (0.630)*#*

depth (0.534)*
sand (0.500)%
g/w/d (—0.500)*

Coho depth (0.541)%
undercut (0.544)%
Chinook velocity (0.638) #*
Burbaot undercut (0.508)*
Sculpin LWD (—0511)*

** Correlation is sigmificant at the 0.01 level (2-tailed).
* Correlaton is significant at the 0.05 level (2-tailed).



Tapie 4. —Summary of step-wise multiple linear regression comparing fish densities 1o physical habitar data

Dependent

variable fish Sample
abund. {m”) Independent variable(s) tme ol r r SE F P Regression formulas
DAY total fish depth (cm) ! 5 090 077 0078 18.0 (L0135 total fish = (0.104%depth) — 1.139
sculpin depth (cm) | 5 087 069 0016 11.9 (1.026 sculpin = (0.017*depth) — 0,178
burbot undercut (em) & depth (cm) | 5 100 099 0005 361.4 (.00 burbot = [(0.004*%undercut) +
(0.012%depth)] — 0.
salmonids depth (cm) | 5 083 0.62  0.035 9.0 0.040  salmon = (0.033%depth) — 0.361
coho undercut (cm) 1 5 0.91 0.79 0.021 19.8 (LO11 coho = (0.01Fundercut) — 0.031
coho depth (cm) & velocity (m/s) 2 5 0958 094 0005 434 0.006 coho = [(0.009%depth) + (0.473%
velocity) | — 0,196
chinook large woody debnis (%) | 5 .88 0.1 0011 13.9 0.022 chinook = (0.018*L.WD) — 0.085
chinook large woody debris (%) 2 b (.83 0.62 0.008 9.2 (.034 chinook = (—0.006*L. WD) + 0.077
NIGHT sculpin depth (cm) 3 5 0.85 0656 0.024 10.2 (.033 sculpin = (—0.024%depth) + 0.418
burbot undercut (cm) | 5 0.84 0.63 0024 9.9 0.037 burbot = (0.007*undercut) — 0,019
burbot velocity (m/s) 2 5] 0.88 0.73 0009 14.3 0.020 burbot = (0.646%velocity) — 0.105
salmonids large woody debris (%) | B 0,94 086 0,027 325 0.005 salmonids = (0.036%LWD) — 0.29]
coho large woody debris (%) | D 0,94 084 0,027 278 (.006 coho = (0.035*LWD) — (.282
chinook velocity (m/s) | 5 095 088 0002 388 (0.003 chinook = (0.2258%velocity) = 0.035
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Fic, 2.—Step-wise MLR model correlating salmonid abundance during the day and night,
respectively, during the 1™ sample period. Numbers correspond to reaches (see Figure 1)
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DiscuUssion

The primary focus of this study was to determine if fish habitat selection varies on a diel
basis. We found fish alter their preferred habitat during the dav vs. night, and this selectivity
appeared 1o occur at the reach-scale. Heggenes ef al. (1999) and Hiscock et al. (2002)
suggested salmonids use different habitats for different actuvines; Railsback ef al. (2005)
proposed a theorv for diel activity and habitat use based upon these observations. Our study
differs from previous studies given the small size of the stream (1% order; average width
2.1 m).

We found fish selected daviime reaches based on the degree of cover (deeper and with
more undercut banks) (Tables 3. 4; Fig. 2). Chinook were the exception to this pattern,
instead preferring LWD during the day and areas with higher velocity at night. We propose
two possible explanations. First, coho juveniles, which have been found to be more
aggressive than chinook (Stein ef al., 1972) may be excluding chinook from prime feeding
areas at dusk and dawn—the time preferred for foraging (Alanara et al., 2001), similar to
results reported in four British Columbia streams (Tavlor, 1991). Second, voung chinook
salmon have been shown to feed primarily on floating organisms (Hubbs and Lagler, 2004)
and may have been able to feed more efficiently in the open channel with its higher velocity.
Therefore, the higher velocities might provide a greater abundance of food sources than the
more stagnant waters found under the banks or around LWD. Both coho salmon and
rambow trout feed on aquauc mvertebrates (Hubbs and Lagler, 2004), which are often
concentrated on woody debns especially when sand 1s the dominant substrate (Connor,
1991), as is the case in Sickle Creek. In conclusion, we believe the potential interspecific
competition (coho vs. chinook) and habitar partitioning (water column vs. LWD feeding)
deserves further study, Both principles may be in operation this stream,

When pooled, salmonids (including rainbow trout) preferred deeper areas during the day
and LWD at night during the 1" sample period only (Table 4, Fig. 2). Kahler et al. (2001)
also noted depth was a significant factor motivating salmonid movement. During the day
these small fry might seek protection conferred by the undercut banks from terrestrial and
aquatic predators. In addition, the undercut banks might offer slightly cooler temperatures
given the lack of direct sun exposure.

YOY rout were found almost exclusively in the reaches closest to the main channel
(Fig. 3). The peak of downstream movement for coho, chinook and rainbow trout parr is
May, Jun. and early Jul. (Becker, 2001), the time period this study was conducted. Two
explanatuons exist to as why the parr were located in these downstream reaches. First, the
parr may have been moving down the Manistee River and using the tributary as refuge from
larger predators and higher velocities in the main channel and for E'L't:-:liug up]mr[uui[i{'m as
suggested by their habitat selection of woody debris, which was more abundant in reaches 1-
3 (Table 1). A second explanation, given there is a population of rainbow trout above the
culvert, is the fish may have been moving down Sickle Creek and stopping in the mouth of
the tributary rather than continuing into the more turbulent waters of the main channel.
Downstream movement of YOY parr (Haruman ef al., 1982; Bradford and Tavlor, 1997) is
well documented. The non-endemic salmonids we observed had similar movements as the
native salmonids in western North America.

The number of YOY coho decreased during both the daytime samplings (total catch for
three sample periods was 48, 15 and 1 individual, respectively; p = 0.034) and nighttime
samplings (total catch was 103, 10 and | individual respectively; p = 0.005; ANOVA). Coho
of this age spend the first vear of their life in the ributary in which their parents spawned
(Becker, 2001). However, there appears to be a net emigration of coho out of Sickle Creek,
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Fii.. 3.—Average number of rainbow trout parr (density m®) in each of the six reaches in Sickle Creek,
all three sampling periods combined. Arrow represents direction of stream How

which is likely their natal stream, into the main stem Manistee River. Coho parr travel up a
tributary as far as physically possible (Becker, 2001), and perhaps the blockage produced by
the culvert caused these hish to emigrate. In order to investigate the role of the culvert we
hope to examine this phenomenon post-restoration after the culvert is replaced.

During the day, burbot and sculpin selected for habitat providing cover—namely deeper
water and a higher prevalence of undercut banks. At night, burbot selected reaches with
more extensive undercut banks (1™ sample period) and higher velocity (2nd sample period)
(Table 4). This type of selection coincides with their preferred habitat and suggests mainly
nocturnal movements by burbot (Becker, 2001).

In conclusion, this study suggests tributaries are an important habitat within the river
drainage network, providing areas of refuge and feeding for small fry, which often comprise
most of the fish present. Our study stresses the importance of habitat on species distribution
and demonstrates habitat selection varies according to species, life-history stage and tume of
day, as suggested in the habitat template theory (Southwood, 1977). We found, in general,
habitat suitable for hiding was utilized during the daylight hours while foraging habitats
were used during the dusk and night hours. Additonally, there was an interesting tradeoff
in habitat selection between coho and chinook juveniles, which we postulate is due to a
combination of interspecific competition and behavioral feeding preferences. Depth and
LWD were positively correlated to salmonid abundance during the day and night,
respectively, thus providing a potentially important tool for stream ecosystem restoration.
This is particularly useful given Michigan streams are often affected by sand that reduces
depth, velocity and overall habitat heterogeneity.

CoONCLUSION

Most fish captured were juveniles, thus providing support for the importance of small
tributary streams for vounger age classes. These juveniles appeared to utilize the tributary
for multiple purposes, namely foraging and protection, as indicated by their diel habitat
preferences. However, the ability of Sickle Creek to serve these purposes could have been



42 THE AMERICAN MIDLAND NATURALIST 163(1)

compromised by an upstream, perched culvert, which may have hmited upstream
movement. This culvert has since been replaced by an open bottom bridge in a
collaboration between the Little River Band of Ottawa Indiana, USFS and a local consulting
firm. Restoring or maintaining the integrity of first order-tributaries must be a priority of
managers to promote not only high salmonid recruitment, but also a diverse fish assemblage
that includes, for example, burbot and 5{‘u]pin as well as other taxa.
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