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ABSTRACT

SPAWNING MIGRATION AND HABITAT SELECTION BY STEELHEAD AND
LONGNOSE SUCKERS IN THE PERE MARQUETTE AND ST. JOSEPH RIVER g
MICHIGAN '

By
Robert Douglas Workman

| investigated the migratory behavior of steelhead (Oncorhynchus mykiss) and

longnose suckers (Catostomus catostomus) in the Pere Marquette River using

radio telemetry to provide base-line information prior to the construction of a

proposed electrical sea lamprey (Petromyzon marinus) barrier. Steelhead

arrived at the barrier vicinity on average within 8 days in 1997 and 18 days in

1998, and moved upstream quickly through the barrier vicinity, averaging 6

minutes (1997) and 32 minutes (1998). Longnose suckers arrived at the barrier
on average within 17 days in 1998 and passed through the barrier vicinity within
an average of 20 minutes. Steelhead and longnose sucker migrations

corresponded with increasing water temperature and stream flows.

In addition to the Pere Marquette data, | used steelhead fishway passage data
from the St. Joseph River, Michigan to develop a temperature-based movement
rule to quantitatively predict the probability of upstream movement. Exponential,

logistic and power functions were evaluated as a means to express the

Probability of movement. Of these, the power function provided the closest fit
betwween observed and predicted movement. Stream flow was also evaluated as
a Means of expressing the probability of movement, but did not increase the

Predictive power of the model. Therefore, | used water temperature to predict



B ],

upstream movements. The tempeérature-based movement model incorporatQs
an increasing probability of movement for increasing water temperatures abay,e
the minimum temperature threshold for movement. By using data from two _g4e
Michigan tributaries, | was able to demonstrate that the modeling approach is
transferable to other Great Lakes tributaries and that the model consistently
demonstrates the upstream movement probability of steelhead in systems where

upstream migration is governed by water temperature.

Finally, | evaluated features (groundwater presence, substrate particle size,
etc...) associated with the selection of steelhead spawning habitat the Pere
Marquette River. Steelhead redds were evaluated for the presence of
groundwater using a GIS-based groundwater prediction model and another
method based on intragravel temperature to provide insight to the importance of
groundwater as a means of spawning habitat selection. The GIS model and
probe-based evaluation were inconclusive as means to identify groundwater
associated with steelhead redds. Steelhead preferred to construct redds in a
substrate consisting of small gravel, large gravel, and small cobble particle sizes

dis proportionately to clay, silt, sand, and large cobble. Steelhead redds were

located in areas where the stream velocity was significantly higher (F = 97.77, P
< 0.0001) than velocities that were recorded at reference sites, and redds were

located in water that was significantly shallower than what was typically found in
the study reaches (F = 113.84, P < 0.0001). Stream temperature did not appear

to infiyence the selection of redd locations.
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CHAPTER 1
INTRODUCTION




INTRODUCTION

The general topic for my research is the migration and spawning habitat use of
steelhead (Oncorhynchus mykiss) and the migration of longnose suckers
(Catostomus catostomus). | evaluated steelhead and longnose sucker
migrations in the Pere Marquette River, Michigan to address concerns for the
successful upstream passage of both species beyond an electrical sea lamprey
(Petromyzon marinus) barrier and fishway in the Pere Marquette River, Michigan.
Previous operations of another electrical barrier in the Pere Marquette River did
not permit the upstream passage of either species (Rozich 1989), and created

concern among recreational anglers who targeted these species.

Rainbow trout (steelhead are the migratory form of rainbow trout) have been a
popular sport fish among Pere Marquette River anglers for many years. Rainbow
trout were first introduced to the Pere Marquette River in 1887, and were
N &turalized in this and other Lake Michigan tributaries shortly after initial
irvtroduction (Krueger et al. 1985). The steelhead was among the strains

established in Lake Michigan tributaries.

The predominant life history form of steelhead expressed in Lake Michigan
tributaries is one that includes 2 years of growth in the river after hatching,
followed by a spring migration of smolts to the lake, and then 3 years of growth in

the lake before returning to spawn in the spring of the fifth year (Harbeck 1999).




Other variants are expressed in some Lake Michigan tributaries, including some
fish that out-migrate after 1 year of stream growth and others that grow 3 years n
the stream before out-migrating. Lake growth ranges from 1 to 5 years. One
other variant, the Skamania strain, was introduced in Michigan waters in the past
20 years (Dexter and Ledet 1997). Fish of this strain also spawn in the spring
(March - May), but unlike the original strain, these fish migrate into their

spawning stream late in the summer preceding spawning (Behnke 1992). Fish of
the original or winter strain delay migration to their spawning stream until late

winter or early spring of its spawning year (March - April).

| evaluated longnose sucker movements with steelhead movements to provide a
comparison between a native non-game species (longnose suckers) and an
introduced game species that migrate at similar times in the Pere Marquette
River. Although sucker species were not considered in the design of the fishway
around the barrier, it was important to document the movement of a non-game
S pecies and determine if they migrated upstream before it began operation, and

to have a reference for comparison after operation began.

Similar to steelhead in Michigan waters, longnose suckers have been observed
Spawning in April and May in Wisconsin waters (Eddy and Surber 1947), and
initiated spawning migrations in rivers when water temperature rose above 5° C
(Geen etal. 1966). In addition to spawning in rivers, longnose suckers may

SPawn in some shoal waters of the Great Lakes (Bailey 1969). Although juvenile




steelhead spend one to two years in the river after hatching, larval longnose
suckers spend little time in rivers and drift to lakes soon after hatching (Bailey F
1969). Longnose suckers are a slow-growing fish that reach maturity in 4 to 9

years (Bailey 1969).

There is a strong body of literature that suggests stream flow and water
temperature may regulate the upstream movements of steelhead and other
salmonids (Northcote 1962; Shephard 1972; Miller 1974; Power and McCleave
1980; Power 1981; Smith et al. 1994). The degree to which water temperature
and/or stream flow regulate upstream migrations depends on the many factors
including watershed size, geology, and weather patterns (Jonsson 1991). To
further evaluate the effect of stream flow and water temperature on fish
migrations, | developed a model to predict the upstream movement of steelhead

b ased on stream flow and water temperature.

F or the final segment of my research, | examined steelhead spawning habitat
Use in the Pere Marquette River. Pacific Coast steelhead exhibit preferences for
Specific water velocities and water depths (Smith 1973), and for coarse-
particulate substrates small enough to be moved during redd construction, yet
large enough to accommodate sufficient water flow through the redd for
Oxygenation of eggs and alevin emergence (Cooper 1965; Fraser 1985; Sowden

and Power 1985, Kondolf 1988). Although spawning habitat selection by




steelhead is well understood in the Pacific Coast region, little is known about

spawning habitat selection in the Great Lakes region. f

In addition, little is known about the influence of groundwater on the selection of
spawning habitat by steelhead. Groundwater is important to the reproductive
success of the brook trout (Salvelinus fontinalis) and chum salmon (O. keta) by
protecting eggs from ice and infiltrating surface water (Kogl 1965; Fraser 1985;
Curry and Noakes 1995; Curry et al. 1995), and may be important to reproductive
success of steelhead by providing a thermal refuge to developing alevin from
warm water in the summer and more stable flows (Shepherd et al 1986).
Locations where groundwater is abundant in a river may be preferred by
steelhead as spawning areas. ldentifying groundwater locations within a river
system where steelhead reproduce could provide insight to the importance of

groundwater and its role in the selection of steelhead spawning sites.

| @ xamined spawning microhabitat (substrate particle size, flow velocity above

the redd, etc...) use characteristics of steelhead in relation to their occurrence in

| Selected sections of the river. Identifying habitat features that are important to
Spawning site selection in a Great Lakes tributary can be used to help identify
Other areas within the same tributary that may be used by spawning steelhead,
Or could be improved to accommodate steelhead by habitat improvement

Projects that commonly occur throughout the watershed.




In summary, | addressed three topics in this dissertation:
o Steelhead and longnose sucker movements in the Pere Marquette River L
were examined as part of a preliminary evaluation of movement in the
vicinity of an electrical sea lamprey barrier prior to its construction and

operation.

e The upstream migration of steelhead was modeled in relation to stream

flow and water temperature in two Lake Michigan tributaries.

o Steelhead spawning habitat was described in relation to areas of
groundwater input and was characterized according to microhabitat

characteristics such as substrate particle size, flow velocity.

By addressing these topics, | will provide baseline information for future
€ Vv aluations of steelhead and longnose sucker movements in the vicinity of the
e lectrical barrier and of the effectiveness of the steelhead passage device that
Was installed at the barrier. | will also further evaluate the influence of stream
flow and water temperature on steelhead spawning migrations and provide
information on steelhead spawning habitat use within a tributary of the Great

Lakes.




CHAPTER 2

STUDY AREAS




STUDY AREAS

Movement data from radio-tagged steelhead in the Pere Marquette River (Figure
2-1) were used in the studies presented Chapters 3 and 4, and count data of fish
passing through a fish ladder on the St. Joseph River (Figure 2-1) were used in
the study presented in Chapter 4. Steelhead spawning habitat use data in the

Pere Marquette River was used in the study presented in Chapter 5.

The Pere Marquette River is located in west-central Michigan and the main stem
of the river is approximately 154 km long (MDNR/IFR 1988). The river drains
1,955 km? of watershed and is one of the last large free-flowing Great Lakes
tributary streams in Michigan. The Pere Marquette River is primarily dominated
by a cold-water fish community, and receives spawning migratory steelhead

d usring the fall, winter, and spring.

T he st Joseph River is located in southwest Michigan and northwest Indiana.

T e mouth of the St. Joseph River is approximately 200 km south of the Pere

Mavquette River and is separated by at least three major tributaries (Muskegon,
orand, and Kalamazoo Rivers) of Lake Michigan. The St. Joseph River is 493
km long and drains a watershed of approximately 11,098 km? in Michigan and
Indiana (Brown 1944). Six dams located along the river's mainstem regulate
stream flow. In 1975, a fishway was constructed in the downstream-most dam at

Berrien Springs, located 39 km upstream of Lake Michigan (Figure 2-1).




Scottville Site

Custer Site

16 km

St. Joseph
River

MICHIGAN

INDIANA

16 km
Figure 2-1. Locations on the Pere Marquette and St. Joseph Rivers, Michigan

where steelhead migration, water temperature, and stream flow data were
collected. Radio-tagged steelhead passage and water temperature data were
collected at Custer and stream flow data was collected at Scottville on the Pere
Marquette River, Michigan. The bars on the St. Joseph River map indicate where
camera-recorded steelhead passage and water temperature data (Berrien Springs),
and stream flow (Niles) data were collected.




CHAPTER 3
A description of the migratory behavior of steelhead (Oncorhynchus mykiss) and
longnose suckers (Catostomus catostomus) in the Pere Marquette River,

Michigan

10




Abstract
| evaluated steelhead (Oncorhynchus mykiss) and longnose sucker (Catostomus
catostomus) movements in the vicinity of a proposed electrical sea lamprey
(Petromyzon marinus) barrier and fishway, and throughout the Pere Marquette
River during 1997 and 1998, using radio telemetry. Radio-tagged steelhead
moved upstream quickly (x = 6 minutes, n = 4) through the barrier reception area
from 23 March to 4 April 1997, and from 6 January to 17 April (¥ = 32 minutes, n
= 26) during spring 1998, and the upstream passage times between 1997 and
1998 were not significantly different (F = 0.84, P = 0.37). There was no
significant difference in the mean time from release to arrival at the barrier
between the spring 1997 and spring 1998 radio-tagged steelhead (F=1.12, P =
0.30). Radio-tagged longnose suckers also were recorded moving quickly (5 =
20 minutes, n = 8) upstream from 23 March to 10 April 1998. The upstream
P & ssage of radio-tagged steelhead did not differ from longnose sucker for the
1 997 and 1998 data (F = 0.09, P = 0.77). The percent passage of radio-tagged
S te elhead through the 150-m long barrier reception area was not significantly
difFferent (P=0.22) between 1997 (57%, n=14) and 1998 (63%, n=54). At least
quofo of the radio-tagged longnose suckers passed through the barrier area.
radio-tagged fish movement indicated that there was a general correspondence
between increasing stream flow and water temperatures. My telemetry data
demonstrated that radio-tagged fish moved upstream quickly through the electric
sea lamprey barrier vicinity, and provided a basis for evaluation fish movement in

the vicinity of the barrier following the construction and operation of the barrier.

11




Introduction

Migration barriers can be detrimental to the reproductive success of adult
steelhead (Oncorhynchus mykiss) and other salmonids (Raymond 1979; Powers
and McCleave 1980). Barriers such as hydroelectric dams that do not provide
adequate passage for migrating anadromous steelhead will significantly
decrease the number of adult returns and delay their upstream migration,
resulting in a decrease in the number of steelhead that successfully reproduce
(Raymond 1979). Because barriers can be detrimental to the reproductive
success of steelhead, barriers should be designed to facilitate swift migrations

through barrier areas.

An electric sea lamprey (Petromyzon marinus) barrier and fishway were
constructed in the Pere Marquette River in 1999, and were designed to
S electively prevent sea lamprey spawning migrations while allowing steelhead to
M i g rate upstream to spawning locations. Previous operations of an electric
= prey barrier in the same location as the current barrier did not allow steelhead
o s uccessfully migrate around or through the barrier (Rozich 1989). Although
e newly constructed barrier and fishway were designed facilitate steelhead
spawning migrations, the operation of the electric barrier may cause delays or

block the spawning migrations of fish species.

The passage of sucker species was not considered as a design element of the

proposed electrical barrier, but suckers are an exploited species in the Pere

12




Marquette River. Shortly after the river ice has melted, fishers can be found in

abundance along the banks of the river near Branch, Michigan, and downstream A
to the mouth of the river, pursuing migratory suckers well into the month of April.

The operation of the electrical barrier may adversely affect future populations of

migratory suckers in the Pere Marquette River.

Steelhead and longnose suckers (Catostomus catostomus) have similar
migration patterns making the two species a likely combination for a dual
examination of their migration patterns. Steelhead and longnose suckers share
spawning migrations during the first half of the year (primarily February through
May) in Michigan rivers. Successful introductions of steelhead into the Great
Lakes region have created opportunities to examine the interactions of non-
Native fish with native fish species such as the longnose sucker. The study of
S teelhead and longnose sucker migrations in the Pere Marquette River provided
2R&~A W nique opportunity to examine the movement and behavior of two fish species
im = Michigan river where there were no physical barriers to migration for either

SpPpecies.

-rhe goal of my study was to evaluate steelhead and longnonse sucker
migrations prior to the construction of an electrical lamprey barrier and fishway
on the Pere Marquette River. | evaluated three aspects of adult movement:
migration timing, movement rates of fish over large distance (10° m), and the

proportion of migrants that passed upstream of the barrier. Specifically, my

13




objectives Were to:

1) Describe the timing of migration initiation by adult steelhead and
longnose suckers by describing the temporal distribution of steelhead
capture in the reach immediately upstream of Pere Marquette Lake and by
describing the date of arrival of radio-tagged fish at the proposed electric

barrier site.

2) Determine the speed of upstream movement by adult steelhead and
longnose suckers through selected sections of the Pere Marquette River,

and;

3) Determine the percent passage of radio-tagged fish at the proposed

electric barrier.

T h e information from this study was used to evaluate the effectiveness of the fish

P &= sssage device located at the barrier during 2000 and 2001 (Snell 2001).

Ltu€ormation on the speed and duration of the spawning migrations of steelhead
and longnose suckers was used to determine if the electric barrier had an effect
on the number and timing of steelhead and longnose suckers that passed

upstream after the barrier was constructed and went into operation.
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Methods

|
,

Fish Capture

| collected steelhead in the Pere Marquette River (Figure 3-1) for use in the
telemetry study of fish movement from February to May 1997 and collected
steelhead and longnose suckers from November 1997 to April 1998. | used
hook-and-line fishing continually throughout the study within an 8 km reach of the
river immediately upstream of Pere Marquette Lake (Figure 3-2). | fished with
steelhead spawn, Wiggle Warts ®, and Hot-N-Tots ® in stretches of river that
were thought to contain steelhead. | also captured fish in fyke nets measuring

122 by 183 cm with a 5-cm stretch mesh.

A 33-m long lead with a 5-cm stretch mesh was attached to each fyke net. |
fished the fyke nets at various locations within 1 km upstream of Pere Marquette
L_=ake during the spring 1997 field season. By the end of the spring 1997 field
S e ason, | chose a location 0.25 km upstream of Pere Marquette Lake, where
three fyke nets placed adjacent to each other blocked almost the entire width of
S M & channel of the river (Figure 3-3). | used the adjacent net configuration for
= spring 1998 field season and | placed the nets in the river from February to
April as soon as ice conditions permitted their use. Fyke nets were not used
during the 1997 fall months (October — December), due to heavy amounts of leaf
material in the river. | checked the nets daily for the presence of steelhead and
longnose suckers. All fish that | captured in the nets were identified and |

measured the length and weight prior to their release.

15




Pere Marquette River i

Scottville USGS
Stream Gauge

Bowman Bridge
Receiver Location

e

Custer Electric
Sea Lamprey
Barrier

Lake Michigan

North

16 km
PM River

Figure 3-1. The location of Pere Marquette River within Michigan (Ml), and
notable sites of data collection within the River. The water temperature
sampling location is indicated by “T".
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Radio Tag Implant Procedure
I Selected steelhead and longnose suckers larger than 1 kg for radio
tag implants. | anesthetized fish that were suitable for implants in a 150 L tank
filled with 60 mg/L tricaine methanosulfate (MS-222) dissolved in river water. |
recordded the weight, length, and sex from the fish when they were no longer able
to ma i ntain an upright posture within the anesthetic tank. | also recorded time
and |o c ation of capture for each fish that was suitable for radio tag implant. |
attem p> ted to implant radio transmitters at a ratio of 50% males to 50% females. |
deterry» i ned the sex of the steelhead using several factors: the presence of a
Prono s ;mced kype (indicative of males); the ease of scale removal (scales detach
with it t 1 effort indicates female, not readily detachable indicative of male); and
by vist s = 3 inspection of the gonads during the surgical implant procedure. |
dete™” x—= «d the sex of longnose suckers using visual inspection of the gonads
AN X\ e surgical implant procedure, and the presence of pronounced lateral
APand coloration and tubercles on the anal fin (indicative of males). | inverted the
(}%h #nd placed them in a V-trough surgical table lined with indoor-outdoor carpet,
a‘\% \emoved scales from a longitudinal row for 4 cm along the abdomen
ro,(imately 2 cm posterior of the pelvic fins, and from a small area adjacent to

ap
dorsal fin. | made a 4-cm long incision in the abdomen region where |

the
‘e n,,oved the scales and implanted the fish with a LOTEK Engineering, Inc.
cFR T-7A digitally encoded radio transmitter into the peritoneal cavity. The

digitzmm)ly encoded radio transmitters were used because of the ability of the

receiverto simultaneously monitor multiple radio signals. The radio tags
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Measured 16.0 mm in diameter By 83.0 mm long, and weighed 29 gm in air g,

4
£

128 gm in water. | made an incision the width of a surgical blade posterior to the
'afger incision and pulled the radio transmitter antenna through. The radio tags
Were rated to last for 282 days at a 5-second burst rate. | closed the incisions
With O 00 gut suture and inserted a numbered floy tag in the area where the
Scaless were removed adjacent to the dorsal fin. | irrigated the gills of the fish with
river vwaater during the surgical procedure. | transferred the radio-tagged fish to
anoth e r tub with river water where the fish remained until it maintained an upright
Posture= within the tub. | released the radio tagged fish as close to the point of
Capture= as possible and | released fish captured in the fyke nets approximately
200 my s postream of the nets. | used a portable hand-held SRX-400 receiver to
verify €l =at each radio tag was functioning prior to and following surgical

implai‘’== gion.

Moritoring Movements of Radio-Tagged Fish
~T e T1Ovements of steelhead that were radio-tagged during the spring 1997 were
«\\ (‘\\\O‘ed at the site of the electrical barrier in Custer, Michigan (Figure 3-4).

O tagged fish were monitored using an SRX-400 receiver with W-17

R
ware
firry

fre duencies developed by LOTEK. Two yagi antennae were mounted 100 m

that allowed for scanning of multiple channels and numerous

apartto detect direction of movement, the date and time of arrival of a radio-

tagge=d fish into the reception area, and the date and time of departure when
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the ragio-t2gged fish left the reception area. | programmed the receiver {0 sz, 4

L

antennae sequentially and record the presence of all coded transmitters that
Were in the listening range of the antenna. The use of coded transmitters
increased the time resolution possible for detecting movements of individual fish.
All data were logged in the memory of the receiver, and then downloaded
Perioddically to maintain a continuous record. The Michigan Department of

Naturaal Resources provided me a power supply and a structure to house the

lfeceivexr.

! monjt e>red the movements of fish radio-tagged during the 1997-98 field season
USi"Q T/ base stations (one was located at the Custer site and one was
Portab le ) | each equipped with a scanning, continuously recording receiver and a
serie® O & fixed-direction antennae. | positioned a portable base station
a@@‘“““‘lately 12 km downstream of the proposed electric barrier on private
SPoperty (43°55 9.5"N, 86° 21' 33.7" W, WGS-84), on the north side of the river,
()ﬁ”r the ep( of Stiles Road (Figure 3-2). The portable base station consisted of
- \9—‘E\< SRX-400 receiver with W-17 firmware and a weatherproof secured
osure. | used a solar panel to supply power to the receiver at the remote
ern !
| mounted two yagi antennae 20 m apart to detect direction of movement,
site’
the d ate and time of arrival of a radio-tagged fish into the reception area, and the
date and time of when the radio-tagged fish left the reception area. The primary

purpsose of using the downstream base station was to gain more information

about the movement of fall radio-tagged steelhead. | left the portable base
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Station at this location until radio-tagged fish were detected at the Custer Sitg Z‘
'®located the portable base station approximately 40 km upstream of Pere
Marquette Lake to a site 2 km upstream of the Bowman Bridge public access site
that marks the downstream end of a reach that contains much of the spawning
habitzat used by steelhead in the Pere Marquette River (Figure 3-1). The portable
base st<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>