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Abstract

Little information exists concerning the impact of introduced smalmouth bass on native sgnd crayfishin
Washington. Diver observations quantified the effects of habitat type on smalmouth bass and sgna
crayfish dengties in alake renowned for its smalmouth bass fishery. Redationships were examined
between smallmouth bass dengty and signd crayfish dendity, but aso between their dengties and
proportiona substrate typesincluding boulder/bedrock, gravel/cobble, silt/sand, submersed vegetation,
and coarse woody debris. Although diver observations were congstent with previoudy demonstrated
smalImouth bass-crayfish habitat associations, the impact of introduced smalmouth bass on native signd
crayfish remains enigmatic. Still, the results should provide direction on ways to improve our
understanding and management of predator and prey species dike.
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Introduction

The association between the piscine predator, smallmouth bass Micropterus dolomieu, and its crayfish
prey (Decapoda: Astacidae and Cambaridae) iswell known. Within the predator’ s native range of east
central North America, the two appear to be inexorably linked with one another. For example, Rabeni
(1992) concluded that size-selective predation of smalmouth bass on crayfishes Orconectes spp.
influenced crayfish population dynamics, whereas Roell and Orth (1998) showed that human
exploitation of one affected biomass, production, and harvest of the other. Not surprisngly, in the lab
or field, smalmouth bass influence crayfish behavior, abundance, and habitat use directly or indirectly in
avariety of ways (Stein and Magnuson 1976; Stein 1977; Mather and Stein 1993).

Smalmouth bass were firg transplanted from their native range to Washington State during the early
1920s. However, it was not until the early 1980s that the predator found itsway (intentiona or
otherwise) from its origind point-of-entry, the Columbia River drainage system, to severd lakes
throughout Washington (Pflug and Pauley 1983; Bennett et d. 1991; Mudler et d. 1999). Little
information exists concerning the impact of introduced smalmouth bass on Washington's native sgnd
crayfish Pacifastacus leniusculus. Infact, no recent studies exist of signa crayfish resourcesin
Washington (Clifton 1986) beside scant commercid landing records (e.g., WDF 1993). However,
before designing rigorous fied studies that examine the interaction between introduced smalmouth bass
and native Sgnd crayfish, ample basdine information is needed that explores their use of habitat and
establishes an association between predator and prey. To this end, we investigated the relationship
between densities of smdlmouth bass and sgnd crayfish and habitat variablesin alake renowned for its
smdlmouth bass fishery.

Lake Whatcom (Figure 1) is located in the northwest corner of the state and supports one of the most
popular smalmouth bass fisheries in the Peacific Northwest (Ledeboer 2000). The intentional release of
smalmouth bass into Lake Whatcom first occurred in the early 1980s. The Washington Department of
Fish and Wildlife (WDFW), formerly the Washington Department of Game, introduced the predator to
augment an ailing sport fishery as recommended by Fletcher (1982). By late summer 1998, the
smallmouth bass population in Lake Whatcom was thriving and characterized by rapid growth,
excdllent relative weights, and relative stock density vaues that indicated a predator population in
balance with its prey base (Mudller et d. 1999). As expected, the native Ssgnd crayfish was found to
be an integrd part of its diet (Downen 1999). Given thelack of information regarding the intertwined
roles of smalmouth bass and signa crayfish in Washington, the purpose of this study wasto provide an
initid examination of the potentia influences of predator abundance and habitat type on signd crayfish
dengty.
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Figure 1. Map of Lake Whatcom showing smallmouth bass and signal crayfish census and water

quality sampling locations.

Habitat Associations of Introduced Smallmouth Bass and Native Signal Crayfish
of Lake Whatcom, Washington during November 1998

April 2001
2



Materials and Methods

Study Site

Lake Whatcom is alarge (surface area= 2,030 ha, volume = 936,651,000 "), natura body of water
located directly esst of the City of Bellingham in Whatcom County (48E 44" 18" N, 122E 19' 32" W).
The lake conggts of three basins separated by didtinct glacid slls. The north and middle basins (Basin
1 and 2, respectively) are relatively smal (210 and 160 ha, respectively) and shdlow (20—25m
maximum depth), whereas the south basin (Basin 3) is consderably larger (1,660 ha) and deeper (85 —
100 m maximum depth) (Figure 1). The lake serves as the drinking water source for resdents of
Bdlingham and the surrounding area. Water qudity studies have shown atendency toward increased
eutrophication in the north and middle basins in recent years, wheress the south basin remains
oligotrophic (Matthews et d. 2000).

Like many large bodies of water, Lake Whatcom exhibits patches of distinct habitat types with
associated fish assemblages. For example, with few exceptions, brown bullhead Ameiur us nebul osus
and juvenile largemouth bass Micropterus salmoides occur in Basin 1 only, whereas yellow perch
Perca flavescens and pumpkinseed Lepomis gibbosus reside in the shalow, vegetated habitats of all
three basins. Peamouth Mylocheilus caurinus, cutthroat trout Oncor hynchus clarki, and kokanee O.
ner ka are ubiquitous throughout the lake, yet longnose sucker Catostomus catostomus occur only in
the lower hdf of Basin 3, mostly on the steep, rocky drop-offs of the east shore. Likewise, large
numbers of smalmouth bass can be found aong rocky outcroppings and points, while margina habitats
(e.g., barren grave or sandy substrates) are dominated by a paucity of other species, including sculpin
Cottus sp. and three-spine stickleback Gasterosteus aculeatus (Mueller et . 1999).

Smallmouth Bass and Signal Crayfish Census Locations

Smadlmouth bass are known to display site fiddity and establish home ranges (Pflug and Pauley 1983,
Todd and Rabeni 1989; Kraai et a. 1991). Thus, to better understand the relationship between
introduced smallmouth bass and native sgna crayfish in Lake Whatcom, 12 census locations (Figure 1)
were selected from areas frequented by the predator as previoudy determined by Mudler et d. (1999).
The number of census locations surveyed was based on persona experience of the maximal effort
expended by a three-person crew (two scuba divers, one tender) during a three-day period.

Censuslocations 1, 3, 8, and 12 (Figure 1) were characterized by their shallow depth (5 m), gentle
dope (< 20% grade) comprised of St or sand, and the presence of submersed vegetation. Census
locations 4, 5, 7, and 9 were deep (17 m) with steep dopes (> 40% grade) lacking vegetation, and
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substrate comprised mostly of boulders and bedrock, whereas census locations 2, 6, 10, and 11 had
intermediate depth (11 m), dope (20 — 40% grade), and substrate characteristics, and lacked
submersed vegetation. Classification of habitat a these locations was adapted from the work of Pflug
and Pauley (1984), who studied a population of smallmouth bass from another large lakein
Washington. Consderation was adso given to depth, dope, and substrate preferences of smalmouth
bass reported by severa authors (Munther 1970; Hubert and Lackey 1980; Probst et a. 1984; Rankin
1986; Todd and Rabeni 1989; Kraai et al. 1991).

Water qudity data was collected from four locations proxima to the census locations (Figure 1) on
November 3 - 4, 1998 and andyzed using a Hydrolab® probe and digita recorder or an independent
laboratory (Matthews et d. 2000). Appendix A summarizes Matthews et d.’s (2000) findings on
temperature (EC), dissolved oxygen (mg/l), pH, dkdinity (mg/l), turbidity (NTU), and nitrate (Fg/l).

Diver Observations and Estimation of Smallmouth Bass and
Signal Crayfish Densities

During daylight hours on November 2 - 4, 1998, the dengity of smalmouth bass and sgndl crayfish at
each of 12 census |ocations was estimated using a sampling technique developed by WDFW to assess
subtidal stocks of marine benthic invertebrates (Bradbury et a. 2000). A series of three strip transects,
each comprising an area of 1.82 m wide by 45.72 m long (atota area of 83.21 n7), was taken dong
the 5, 11, or 17 m depth contour by apair of scuba divers at each census location.

Each transect was initiated by planting ameta stake in the substrate which temporarily anchored a
gpooled, 45.72 m long transect line. Divers swam side by side, ungpooling the transect line (Figure 2)
aong a given depth contour and predetermined compass course that generaly directed the long axis of
the transect pardld to the shordline. Divers counted dl smalmouth bass within 5 m (the limit of their
visihility) of the transect line, or aswath 10 m wide by 45.72 m long (atota areaof 457.2 n¥). Divers
only consdered those fish measuring > 100 mm total length, or the approximeate sSze a which the
predator first feeds on crayfish (Pflug and Pauley 1984; Probst et a. 1984; Gilliland et d. 1991; Rod
and Orth 1993; Scott and Angermeier 1998). Individua fish were easily recognized by size, shape, or
fin anomalies and counted only once to insure independence between transects. Using submersible
lights, divers located and counted al exposed signd crayfish as well as those seeking shdlter (eg.,
within rock crevices or under coarse woody debris). Each diver was responsible for counting sgndl
crayfish directly underneath his haf of the 1.82 m wide transect rod and spool. Thus, each diver
surveyed a swath 0.91 m wide by 45.72 m long (Figure 2).

At the end of each transect, one diver remained at the terminus, recording data and observations on a
dive date (i.e., counts and habitat characteritics), while the second diver swam back along the transect
to re-gpooal the transect line. The minimum and maximum size of smalmouth bass and signd crayfish for
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Figure 2. Schematic of divers performing a strip transect survey of smallmouth bass and signal
crayfish within a83.21 n? transect, including details of transect spool (redrawn from Bradbury et al.
2000).

al transects was estimated visudly by comparing their total lengths to a known scae (460-mm length of
ahandheld underwater date). Proportiona composition of substrate type (slt/sand, gravel/cobble, or
boulder/bedrock), submersed aguetic vegetation, and coarse woody debris was estimated visudly for
each transect (Appendix B). To avoid pseudoreplication (Hurlbert 1984), the sum of the two diver
counts on an individud transect was the total observed number of smalmouth bass or signd crayfish on
that transect (Appendix B). Subsequent transects were separated by 4 to 6 m dong the depth contour
to further insure independence between transects (Anderson et a. 1979). Each transect required five
to seven minutes to complete.

The estimate of smallmouth bass density (number/100 n¥) for an individua transect (457.2 n?) was
smply caculated as the tota number of smalmouth bass observed by both divers divided by 457.2
then multiplied by 100. The estimate of signd crayfish density (number/100 n¥) for an individual
transect (83.21 n) was similarly caculated as the tota number of signal crayfish observed by both
divers divided by 83.21 then multiplied by 100.

Habitat Associations of Introduced Smallmouth Bass and Native Signal Crayfish April 2001
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Data Analysis

Since the data were not normdly distributed, as determined by the Wilk-Shapiro test (P < 0.05), a
nonparametric rank correlation procedure was used (Zar 1984) to identify factors (Appendix B)
affecting the dengity of introduced smalmouth bass and netive sgnd crayfish a Lake Whatcom. The
Spearman correlation coefficient, r,, is computed from the rank scores of the data and ranges from —1
to +1, with values close to O indicating little or no correlation between varigbles. All computations were
run usng Statisix® andytical software (Anaytica Software, Talahassee, Florida).

Habitat Associations of Introduced Smallmouth Bass and Native Signal Crayfish April 2001
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Results

During daylight hours on November 2 - 4, 1998, smalmouth bass densities ranged from 0.0 to 0.7
fish/100 n?. The overal mean (+ SE) smalmouth bass density observed by divers at Lake Whatcom
was 0.13 + 0.03 (n = 36 transects). Signd crayfish densities ranged from 0.0 to 19.2 crayfisv100 n?
with an overal mean (x SE) of 5.7 £ 0.9 (n = 36 transects). The minimum and maximum sze of
smallmouth bass observed for dl transects was gpproximately 150 and 460 mm totd length,
respectively. For sgnd crayfish, 80 and 140 mm totd length (measured from tip of rostrum to end of
telson), respectively.

Table 1 summarizes the results of the Spearman rank corration procedure. A significant postive
correlation was detected between smdlmouth bass dengity and signd crayfish dengty. Therewas no
sgnificant correation between smalmouth bass density and depth; however, there was a Sgnificant
positive correlation between signd crayfish dendty and depth. Smalmouth bass and signd crayfish
densities were sgnificantly and positively correlated with proportiona boulder/bedrock substrate, yet
no significant correlation was detected between densities and proportional gravel/cobble substrate.
There was a sSgnificant negative correlation between density and proportiona slt/sand substrate for
predator and prey dike; however, there was no sgnificant correlation between densities and
proportiona submersed vegetation. A sgnificant positive correlation was detected between smalmouth
bass density and proportiona coarse woody debris, but no significant correlation was detected
between signa crayfish density and proportiona coarse woody debris.

Table 1. Results of Spearman rank correlation, corrected for ties, between smallmouth bass and signal crayfish
densities and habitat variables at Lake Whatcom, Washington during November 2-4, 1998. The Spearman
correlation coefficient, r,is computed from the rank scores of the data and ranges from -1 to +1, with values close
to Oindicating little or no correlation between variables.

Speciesor habitat variable Smallmouth bass density Signal crayfish density
Signal crayfish density 0.367%

Depth 0217 0.509%
Boulder/bedrock 0.510° 0.7422
Gravel/cobble 0.231 0.313
Silt/sand -0.538* -549°
Submersed vegetation -0.004 -2.06
Coarse woody debris 0.3607 0.029

& Correlationis significant, P < 0.05.
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Discussion

Fish predators frequently cause shiftsin the abundance, behavior, and habitat use of their crustacean
prey. Mather and Stein (1993) consistently found that wherever smallmouth bass and rock bass
Ambloplites rupestris dengties were high, crayfish Orconectes spp. densities were low. However, in
Lake Whatcom, the dengity of introduced smalmouth bass was significantly and postively correlated
with native sgnd crayfish densty (Table 1). This pattern differs somewhat from those derived from
controlled field experimentsin anal ogous freshwater stream and tropicd marine systems. For example,
in Sweden, at asmall spatid scae, Dahl (1998) found that direct predation by the sculpin Cottus gobio
sgnificantly reduced the dendity of lotic Sgnd crayfish. In the Caribbean Seg, predation risk from the
nurse shark Ginglyostoma cirratum influenced the distribution and abundance of another decapod
crustacean, the spiny lobster Panulirus argus, a Bahia de la Ascenson, Mexico (Eggleston and
Lipcius 1992). And off St. Craix, U.S. Virgin Idands, densities of somatopod crustaceans or mantis
shrimps, Gonodactylus sp. and Meosquilla sp., were Sgnificantly higher on experimentd reefswith
lower numbers of fish predators compared to experimenta reefs with higher numbers of fish predators
(Reska 1985). Similar mechanisms may be occurring at Lake Whatcom, especidly given the spatia
and tempora overlap between introduced smallmouth bass and native sgnd crayfish (Table 1,
Appendix B); however, these need to be rigoroudy tested.

Lake Whatcom smalmouth bass preferred
coarse substrate types such as boulders
(Figure 3) compared to fine substrate types
likedlt (Tablel). Thisassociationis
supported by severd studies both locally
(Munther 1970; Pflug and Pauley 1984) and
nationdly (Rankin 1986; Todd and Rabeni
1989; Gilliland et al. 1991; Kraai et a. 1991).
Furthermore, their affinity for coarse woody
debrisis congstent with other studies. For
example, Probst et d. (1984) and Todd and
Rabeni (1989) found that stream-dwelling
smallmouth bass were closdly associated With  Figure 3. Smallmouth bass hovering over boulder (Photo by
woody structure such aslogsand branches.  Don P. Rothaus).

Lentic smalmouth bass generdly prefer

unvegetated littorad habitats (Pflug and Pauley 1984; Weaver et d. 1997), supporting our findings of no
correlation between submersed vegetation and the dengty of smalmouth bass at Lake Whatcom.

Habitat Associations of Introduced Smallmouth Bass and Native Signal Crayfish April 2001
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Like smdlmouth bass, Lake Whatcom signd
crayfish preferred coarse subgtrate types
(Figure 4) over fine subdtrate types (Table 1).
Abrahamsson and Goldman (1970), Daniels
(1980), and Light et d. (1995) reported a
amilar pattern for sgnd crayfish in Nevada
and Cdifornia Ogtensbly, thisisrdated to ;
the strong antipredator response and increased BEPF T ieiesa B
refuge use by signd crayfish when i
encountering fish predators (S@derb—ck
1994). Indeed, Stein and Magnuson (1976) _
demongtrated crayfish Orconectes B S

propl nqugs preference for pebble vs. sand ﬁau; (;?#SI g.'nrayfish ng uunderh boulder
?‘Jk_ﬂrae_ﬁ in the presence of sndlmoqh bass (Photo by Don P. Rothaus).

in its native range. Moreover, O. propingquus

dengties on sand were inversdly related to smalmouth bass densties, while foraging smalmouth bass
were lessinclined to sdlect O. propingquus from larger, more structuradly complex subgtrate types
compared to Smpler ones (Stein 1977). Although not significant, the negative correlation between the
dengty of Lake Whatcom sgnd crayfish and submersed vegetation is condgstent with Daniels (1980)
findingsin Cdifornia, whereas the Sgnificant positive correation with depth is smilar to that reported by
Abrahamsson and Goldman (1970). The latter hypothesized that lower Sgnd crayfish dengitiesin the
shallows (< 10 m) of Lake Tahoe were aresult of light avoidance, strong wave action, and predation.

In summary, at alimited spatia and tempord scae, | have shown that the density of introduced
smdlmouth bass in Lake Whatcom is sgnificantly and pogitively corrdated with native signd crayfish
densty. Furthermore, | have provided evidence of the influence of habitat type on the dengties of
smalmouth bass and sgnd crayfish in the lake. Although diver observations were conggtent with
previoudy demonstrated smallmouth bass-crayfish habitat associations, the impact of introduced
smdlmouth bass on native Sgna crayfish of Lake Whatcom remains enigmétic. Although inherent
biases exig, these results should provide direction on ways to improve our understanding and
management of predator and prey species dike.
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Appendix A

Water quality data near locations where smallmouth bass and signal crayfish were counted at L ake Whatcom,
Washington during November 2 - 4, 1998 (from Matthews et a. 2000)

o B -

- = ) ~

* 4 % E E:E g E z E’

e & 5 8§ = 3 2 z 2 > 3

¢ 8 fF F O§ 0 £ g B

A
1 3 1 1 5 125 87 74 212 16 54
2 5 125 8.7 74 212 16 54
3 5 125 8.7 74 212 16 54
2 18 3 4 1 138 94 7.7 189 0.3 178
5 1 138 94 7.7 189 0.3 178
6 1 138 94 7.7 189 0.3 178
3 19 3 7 5 135 95 7.7 193 05 159
8 5 135 95 7.7 193 05 159
9 5 135 95 7.7 193 05 159
4 29 3 10 17 137 9.2 76 182 0.3 373
1 17 137 9.2 7.6 18.2 0.3 373
12 17 137 9.2 7.6 182 0.3 373
5 R 3 13 17 137 9.2 7.6 182 0.3 373
14 17 137 9.2 7.6 182 0.3 373
15 17 137 9.2 76 182 0.3 373
6 39 3 16 1 137 9.2 7.7 191 04 195
17 1 137 9.2 7.7 191 04 195
18 1 137 9.2 7.7 191 04 195
7 43 3 19 17 137 9.2 7.6 182 0.3 373
20 17 137 9.2 7.6 182 0.3 373
21 17 137 9.2 76 182 0.3 373
8 48 3 22 5 137 9.3 7.7 19 0.3 194
23 5 137 9.3 7.7 19 0.3 1%
24 5 137 9.3 7.7 19 0.3 1%
9 52 3 25 17 137 9.2 7.6 182 0.3 373
26 17 137 9.2 7.6 182 0.3 373
27 17 137 9.2 76 182 0.3 373
10 61 3 28 1 138 94 7.7 189 0.3 178
29 1 138 94 7.7 189 0.3 178
30 1 138 94 7.7 189 0.3 178
1 74 2 31 1 135 9.3 7.7 195 0.7 154
32 1 135 9.3 7.7 195 0.7 154
33 1 135 9.3 7.7 195 0.7 154
2 77 1 A 5 125 8.7 74 212 16 54
35 5 125 8.7 74 212 16 54
36 5 125 8.7 74 212 16 54
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Appendix B

Habitat characteristics of locations where smallmouth bass and signal crayfish were counted at L ake Whatcom,
Washington during November 2 —4, 1998. Proportional substrate type, submersed vegetation, and coarse woody

debris were based on visual estimates by scuba divers.

5 o
« S 2
s = 3 £ B § § ¥ g 3 ¢
5 o g S B g T = B S E ©
= © £ 0 3 8 @ o 8 T 5
g ©° E § & 2
3 S *
1 3 1 1 5 0.05 0.10 0.60 0.15 0.10 1 8
2 5 0.05 0 0.75 0.05 0.15 1 9
3 5 0 0 0.90 0.05 0.05 0 4
2 18 3 4 11 0 0 0.90 0 0.10 0 0
5 11 0 0 0.80 0 0.20 0 0
6 11 0 0 0.95 0 0.05 0 0
3 19 3 7 5 0 0.35 0.35 0 0.30 0 1
8 5 0 0.40 0.40 0 0.20 2 1
9 5 0 0.40 0.40 0 0.20 0 3
4 29 3 10 17 0.80 0 0 0 0.20 2 2
1 17 0.10 0.70 0.10 0 0.10 1 10
12 17 0.70 0 0.20 0 0.10 3 7
5 R 3 13 17 0.30 0.10 0.30 0 0.30 1 9
14 17 0.80 0 0.10 0 0.10 3 12
15 17 0.80 0 0.10 0 0.10 0 1
6 39 3 16 11 0 0 0.90 0 0.10 0 0
17 11 0 0 0.90 0 0.10 0 1
18 11 0 0 0.90 0 0.10 0 0
7 43 3 19 17 0.60 0.30 0.10 0 0 1 12
20 17 0.20 045 0.25 0 0.10 0 5
21 17 0.40 0.30 0.10 0 0.20 1 14
8 48 3 2 5 0 0 0.60 0.30 0.10 1 0
23 5 0 0 0.30 0.60 0.10 0 1
24 5 0 0.10 0.30 0.40 0.20 2 1
9 52 3 25 17 0.70 0.15 0.05 0 0.10 1 16
26 17 0.10 0.20 0.60 0 0.10 0 7
27 17 0 0.30 0.70 0 0 0 2
10 61 3 28 11 0.20 0 0.70 0 0.10 0 7
29 11 0.70 0 025 0 0.05 0 6
30 11 0.10 0 0.60 0 0.30 1 2
11 74 2 31 11 0 0 0.90 0 0.10 0 4
R 11 0 0 0.80 0 0.20 0 8
33 11 0 0 0.90 0 0.10 0 2
2 7 1 <Y} 5 0 0 0.30 0.70 0 0 0
35 5 0 0 050 050 0 0 4
36 5 0 0 0.30 0.70 0 0 2
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