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EXECUTIVE SUMMARY 

Lake sturgeon Acipenser fulvescens populations have declined dramatically over the last 

two centuries due to overharvest, water pollution, and habitat fragmentation. Lake sturgeon are 

now listed as endangered, threatened, or a species of concern in many waters where they occur, 

including many portions of the Great Lakes. While management practices and environmental 

regulations have curtailed overharvest and improved water quality, most Great Lakes tributaries 

remain fragmented by hydroelectric dams. Dams have been identified as the largest remaining 

obstacle to lake sturgeon recovery in the Great Lakes as they prevent lake sturgeon from 

accessing historic spawning and rearing habitat. Dam removal is not generally considered an 

option because most hydroelectric dams are actively producing energy. Therefore, an alternative 

solution is required. Capturing lake sturgeon downstream of hydroelectric dams and releasing 

them upriver is a potential method of providing lake sturgeon access to upriver habitat. While 

conceptually sound, this management strategy has not been studied with sufficient rigor to 

determine if the approach is successful in meeting management or restoration objectives.  

The Menominee River that borders the states of Wisconsin and Michigan supports the 

largest naturally-reproducing stock of lake sturgeon in Lake Michigan, but juvenile habitat 

available downstream of the lowest dam (i.e., Menominee Dam) is considered poor and better 

habitat is available upstream (Daugherty et al. 2009). Construction of a fish elevator in 

Menominee Dam provided the means to capture lake sturgeon for passage upstream of the lowest 

two dams to a section of river where better habitat exists. However, information on the behavior 

of lake sturgeon after passage was needed to determine if this strategy might be effective for 

augmenting lake sturgeon recruitment in the Menominee River and if these fish returned to the 

lower Menominee River. Consequently, my research objectives were to determine if: 1) adult 
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lake sturgeon passed upstream have the opportunity to spawn at least once upstream of Park Mill 

Dam; 2) opportunity to spawn is related to sex, length of fish, and season of passage; 3) adult 

lake sturgeon passed upstream return downstream to the lower Menominee River; and 4) 

downstream passage rate and timing at Park Mill and Menominee dams are related to season of 

passage, time elapsed since passage occurred, river flow, or water temperature. 

Adult lake sturgeon (n = 113) were captured from the lower Menominee River using the 

elevator and electrofishing and were transported and released upstream of the two lowest dams 

into a 31-km section of river (between Grand Rapids and Park Mill dams). Lake sturgeon were 

released in Fall 2014, Spring 2015, Fall 2015, and Spring 2016. Sex and maturity stage were 

initially determined via portable ultrasound. The majority (88%; 100 of 113) of fish selected for 

passage were expected to spawn that spring (spring passage) or the following spring (fall 

passage; i.e., F4 or M2 stage fish). All lake sturgeon passed upriver were measured for total 

length, received a PIT tag, and a fin clip was removed for genetic stock assignment. A subset of 

50 male, 46 female, and 4 lake sturgeon of unknown sex (total n = 100) were implanted with 10-

year acoustic transmitters. Movements of acoustically transmittered lake sturgeon were 

monitored with stationary receivers positioned at numerous locations throughout the study area.  

After release 86% (86 of 100) of lake sturgeon moved upstream to within 1 km of Grand 

Rapids Dam (i.e., upstream extent of USF). Eighty three percent (73 of 88 fish) of ready-to-

spawn fish of known sex that were implanted with acoustic transmitters remained upstream of 

Park Mill Dam for at least one spawning opportunity. No significant difference existed between 

the percentage of males (82%; 40 of 49) and females (85%; 33 of 39) with at least one spawning 

opportunity upstream, and spawning opportunity did not differ between lake sturgeon passed 

upstream during spring (82%; 40 of 49) or fall (85%; 33 of 39). Similarly, no significant 
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difference existed between percent of small (< 152 cm TL) vs. large (≥ 152 cm TL) female lake 

sturgeon with at least one spawning opportunity upstream of Park Mill Dam (95% and 75%, 

respectively) or between percent of small (< 136 cm TL) vs. large (≥ 136 cm TL) male lake 

sturgeon (87% and 77%, respectively).  

Lake sturgeon exhibited a 17% probability of passing downstream of Park Mill Dam in 

spring (March, April, May) and an 8% probability in both summer (June, July, August) and fall 

(September, October, November) each month after passage. No lake sturgeon passed 

downstream of either dam in winter (December, January, and February). Probabilities of 

downstream passage at Menominee Dam were 36, 42, and 33% for spring, summer, and fall.  

Overall, 37 of the acoustically transmittered fish were still upstream of both dams as of 

31 August 2016 (16 male, 19 female, 2 unknown; 27 spring-passed, 10 fall-passed), 6 were 

between the dams (1 male, 4 female, 1 unknown; 3 spring-passed, 3 fall-passed), and 57 were 

downstream of both dams (33 male, 23 female, 1 unknown; 27 spring-passed, 30 fall-passed). A 

downstream bypass structure at Park Mill Dam was used by 10% (6 of 63) of lake sturgeon to 

pass Park Mill Dam; 57 passed through spill gates. The downstream bypass structure at 

Menominee Dam was not operational so the 57 lake sturgeon that moved downstream passed 

Menominee Dam did so through open spill gates. Mean time spent upstream of Park Mill Dam 

was 5.9 months (range = 0 – 18.7 months), while average time spent between Park Mill and 

Menominee dams was 2.1 months (range = 0 – 18.8 months). The average time before lake 

sturgeon returned to the lower Menominee River was 8.8 months (range = 0.1 – 19.3 months). 

Genetic techniques assigned 110 lake sturgeon to the Menominee River, 1 to the Fox 

River, 1 lake sturgeon was of undetermined origin, and 1 lake sturgeon was not genotyped. 
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Lake sturgeon passed upstream generally remained upstream of Park Mill Dam in a 31 

km stretch of river for at least one spawning opportunity, regardless of sex or the season when 

passage occurred (spring vs. fall). This is important because if fish did not remain upstream to 

spawn, passage efforts would not be effective for increasing lake sturgeon recruitment within the 

Menominee River. Although the assessment of downstream passage is not complete as 37 lake 

sturgeon were still upstream and the Menominee Dam downstream bypass was not operational 

during this study, my results suggest that the majority of fish eventually return to the lower 

Menominee River over time. This finding suggests passage of lake sturgeon on an annual basis 

would be needed to augment levels of recruitment upriver. Additionally, my initial monitoring 

suggests that upstream passage may not represent a net loss of mature lake sturgeon from the 

Lake Michigan population (i.e., fish return to lower Menominee River), which would likely 

offset efforts to increase recruitment. My initial assessment also suggests that making 

downstream passage available to lake sturgeon during April and May and to a lesser extent in 

October will be critical to ensuring lake sturgeon can move back downstream after passage. 

Future research is needed to determine if fish passed upstream are producing recruits and if these 

recruits eventually make it downstream to contribute to the Lake Michigan lake sturgeon 

population. Continued monitoring of lake sturgeon will provide greater insight on downstream 

movements and lake sturgeon use of downstream passage facilities. Nearly all lake sturgeon 

captured downstream of Menominee Dam genetically assign to the Menominee River which is 

important for determining if upstream passage might lead to mixing of genetically distinct stocks 

from Lake Michigan. 
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INTRODUCTION 

 Fishes adapted to lotic systems often require heterogeneous river sections to complete 

their life history (Bjornn and Reiser 1991; Parsley et al. 1993). Many species require swift 

current and course substrates found in upstream reaches for spawning in spring (Gibson 1992; 

Aadland 1993), deep holes for refuge in winter (Cunjak and Power 1986; Brown and Mackay 

1995), and reaches in between for dispersal of larvae, development, and feeding (Schlosser 1982, 

1991; Auer 1996). Fishes in riverine systems must therefore undergo seasonal migrations to 

accommodate different habitat requirements. However, dam construction has fragmented many 

rivers and greatly hindered or prevented seasonal fish migrations (Nilsson et al. 2005; Caudill et 

al. 2007; Jager et al. 2016). Life history interruptions of this magnitude severely limit 

recruitment potential of diadromous and potadromous species (Auer 1996; Gosset et al. 2006; 

Jager et al. 2016). Mitigating the negative effects dams have on fish migration has therefore 

become a top priority for managers of impounded systems and attempts have been made to pass 

fish around dams to restore migratory connectivity. However, the success of these efforts is often 

poorly understood for many species as behavior and use of upstream habitat after passage have 

not been rigorously evaluated (Noonan et al. 2012; Cooke and Hinch 2013). A better 

understanding of post-passage behaviors and habitat use is needed to determine if fish passage 

strategies can be used to achieve fish management goals.  

Fish Passage 

 Attempts to systematically design structures to pass fish around dams began in Europe in 

the early 1900’s; similar efforts in the U.S. were not undertaken until the 1940’s (Katopodis and 

Williams 2012). Two common fish passage designs are fishways and fish lifts (Clay 1995; 
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Katopodis and Williams 2012), although trap and transport in the absence of passage facilities 

may be a viable option (McDougall et al. 2013). Fishways (also called fish ladders) feature a 

series of progressively higher pools fish must volitionally ascend to bypass the dam. Many 

variations have been developed that employ baffles or other current diversions within the pools 

to create flow conditions suitable for migrating fishes (Clay 1995; Fish Passage Technologies 

1995). Fish lifts (i.e., locks and elevators) require fish to be mechanically raised to the height of 

the upstream section (Clay 1995; Fish Passage Technologies 1995). Elevators are commonly 

used when dam height or other constraints make fishway construction impractical, while 

navigation-style locks designed for boat traffic can be used for fish passage in the absence of 

other fish passage structures. Fish captured and raised in lifts can be released immediately 

upstream or transported around additional obstacles. A stand-alone trap-and-truck system can be 

employed when passage around several dams is required, construction of a fishway or lift is not 

feasible, or there is a need to collect biological data from fish before upstream release (Katopodis 

and Williams 2012; McDougall et al. 2013). Regardless of the method used for upstream 

passage, downstream passage structures are also needed to prevent migratory delays or mortality 

associated with impingement and turbine blade strikes; sluice gates or bypass channels are 

commonly used for this purpose (Fish Passage Technologies 1995; Jager et al. 2016). In fact, 

population viability modeling conducted by Jager (2011) suggests upstream passage without safe 

downstream passage would be harmful to a theoretical metapopulation of white sturgeon 

Acipenser transmontanus.  

Early fish passage systems in the U.S. were primarily designed for salmonid species 

(Salmonidae) in the Pacific Northwest due to the economic importance of those fisheries (Brown 

et al. 1964; Katopodis and Williams 2012). However, increasing desire to protect threatened 
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species and concern for overall aquatic community health has increased efforts to pass other 

migratory fishes (Katopodis and Williams 2012; Williams et al. 2012).  Non-salmonid species 

targeted for passage in the U.S. include American shad Alosa sapidissima (Moser et al. 2000; 

Haro and Castro-Santos 2012), Pacific lamprey Lampetra tridentat (Moser et al. 2005), and 

sturgeon (Acipenseridae; Brown et al. 2013; Jager et al. 2016). Fish passage structures must be 

designed to accommodate swimming ability and life history requirements of the target species. 

Small species, very large species, species with limited jumping ability, or benthically-oriented 

species are often unable to ascend high-flow fishways initially designed for salmonids (Mallen-

Cooper and Brand 2007; Williams et al. 2012). 

Targeting Sturgeon for Passage 

 Sturgeon have been targeted for passage to varying degrees throughout their Holarctic 

range. Widespread damming of Eurasian rivers has left all but three sturgeon-inhabited systems 

fragmented and few of these dams are equipped with fish passage facilities (Williot et al. 2002). 

For example, the Volga River of central Eurasia has three dams, but only two are equipped with 

sturgeon passage facilities (Williot et al. 2002). Farther west the Danube River was fragmented 

by the Iron Gate dams, neither of which originally featured fish passage. However, plans for 

sturgeon-specific facilities at both dams were underway as of 2015 (Bloesch 2015). Fish passage 

technology in China was slow to develop but is improving after a 2002 law mandated fish 

passage at all new dam construction projects (Shi et al. 2015).  

Published accounts of sturgeon-specific passage attempts are more common in North 

America. Lake sturgeon Acipenser fulvescens were considered when building a vertical-slot 

fishway on the St. Ours Dam on the Richelieu River, Quebec (Theim et al. 2011). Lake sturgeon 

were also trapped and transported around the Seven Sisters Generating Station on the Winnipeg 
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River, Manitoba (McDougall et al. 2013). In the U.S., lake sturgeon were targeted for passage 

with nature-like fishways at the low-head Eureka Dam on the Fox River, Wisconsin, and other 

low-head barriers throughout the Red River drainage, Minnesota (Bruch 2008a; Aadland 2010). 

A fish lift has been used to pass shortnose sturgeon Acipenser brevirostrum upstream of Holyoke 

Dam each year on the Connecticut River since 1975 (Kynard 1998). While fishways and 

elevators at Bonneville, The Dalles, and John Day dams on the Columbia River, Oregon-

Washington, were designed for salmon, substantial numbers of white sturgeon passing upstream 

have been documented (Warren and Beckman 1993; Parsley et al. 2007). 

Although sturgeon are increasingly targeted for passage, success in meeting management 

or restoration objectives is not guaranteed. Reconnecting mature sturgeon with spawning habitat 

is perhaps one of the most important goals of passage, but providing a means for passage does 

not mean fish will access spawning habitat. For example, sturgeon may not ascend or encounter 

fishways (e.g., fishway entrance hard to locate; Noonan et al. 2012) or fish may merely return 

downstream before spawning occurs (Reischel and Bjornn 2003; McLaughlin et al. 2013). 

Studies to evaluate passage effectiveness and identify passage bottlenecks are therefore a 

necessary component of sturgeon passage operations (Noonan et al. 2012; Cooke and Hinch 

2013).  

Passage systems can also fail to meet management goals if sturgeon are unable to return 

safely downstream after passage. Post-passage sturgeon movement studies represent a large gap 

in the peer-reviewed literature, as few studies thoroughly assess behavior after passage. Parsley 

et al. (2007) documented 17% of white sturgeon passed upstream returned downstream through 

spill gates of The Dalles Dam on the Columbia River. McDougall et al. (2014) found that lake 

sturgeon approaching the Slave Falls Generating Station on the Winnipeg River from deep water 
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did not find surface sluice gates. Although these studies do not specifically address sturgeon 

fallback (i.e., moving down through the dam without upstream movement after passage), this 

likely occurs to some extent as it has been documented for many other species. McLaughlin et al. 

(2013) reported mean fallback percentages of 0-14% across eight species.   

Lake Sturgeon Status, Life History, and Movements 

Lake sturgeon were once common throughout the Laurentian Great Lakes (hereafter 

Great Lakes), Hudson Bay, and upper Mississippi drainages of central North America. However, 

lake sturgeon have undergone dramatic population declines in the last two centuries and are now 

listed as endangered, threatened, or species of concern in many waters they are found (Peterson 

et al. 2007). Although originally discarded by early European fisherman, lake sturgeon became 

valuable as demand for caviar grew in the late 1800s (Vecsei 2011). Over-exploitation in the 

early 1900s coincided with water pollution, river fragmentation, and dam construction which 

resulted in population decline (Peterson et al. 2007).  

Life history traits make lake sturgeon particularly vulnerable to these types of 

anthropogenic disturbances. Lake sturgeon exhibit slow growth and delayed maturation such that 

males are generally 12-15 years old and females are 20-25 years old before spawning (Bruch and 

Binkowski 2002). Mature adults move upriver in spring to areas with swift flow and coarse 

substrate when water temperatures reach 11 - 16°C (Bruch and Binkowski 2002). Several males 

(2-8) tend each female and vibrate their tail and caudal peduncles against her until eggs and milt 

have been deposited. Lake sturgeon do not spawn every year, with males generally spawning 

every 1-2 years and females every 3-5 years (Bruch and Binkowski 2002). Eggs hatch after 8-10 

days and larvae spend 3-5 days in interstitial spaces before downstream dispersal. Juvenile lake 
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sturgeon use various habitat types including slack water for refuge and fine substrates for feeding 

on invertebrates before migrating downstream to the lake or large river.  

The advent of radio and acoustic telemetry in fisheries research has led to numerous 

studies of lake sturgeon movement patterns. For example, Lacho (2013) used acoustic telemetry 

to document lake sturgeon home ranges of 197.2 ± 52.1 river km (rkm) in the South 

Saskatchewan River System, and Knights et al. (2002) reported median home ranges of 56 km 

on the upper Mississippi River. Auer (1996) suggests 250-300 km of combined lake and river 

habitat is the minimum requirement for self-sustaining lake sturgeon populations, however Barth 

et al. (2011) used acoustic detection histories of juvenile study fish to suggest lake sturgeon can 

live year-round in relatively short river sections at early life stages even when larger sections are 

available. 

Lake Sturgeon in the Menominee River 

The Menominee River, Wisconsin-Michigan supports one of the largest remaining 

populations of lake sturgeon in the Great Lakes. Before construction of several dams in the 19th 

century, lake sturgeon could move upriver 132.5 km before encountering a natural barrier at 

Sturgeon Falls. In the 20th century, most of these initial dams were replaced with hydroelectric 

facilities. Five hydroelectric dams currently serve as complete upstream barriers to fish 

movement between Green Bay and Sturgeon Falls, where a sixth dam is now in place (Figure 1). 

Lake sturgeon entering the Menominee River from Lake Michigan encounter Menominee Dam 

at rkm four and cannot access historic spawning and juvenile habitat. Some lake sturgeon 

spawning habitat exists downstream of Menominee Dam, but habitat for juvenile lake sturgeon is 

considered marginal (Daugherty et al. 2009).  
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Lake sturgeon in the Menominee River are jointly managed by the Wisconsin and 

Michigan Departments of Natural Resources (DNR). Current management of lake sturgeon in 

the Menominee River includes both stocking and harvest regulations. Approximately 10,000 

small fingerlings were stocked in 2003 and 2,000 small fingerlings were stocked in 2005 

(Donofrio 2006). The annual quota since 2005 has been 10,000 small fingerlings, 1,000-2,500 

fall fingerlings, and 1,000-2,500 yearlings. Nearly all of the stocking has occurred downstream 

of Sturgeon Falls Dam (Donofrio, WDNR personal communication). Hook and line angling for 

lake sturgeon upstream of Menominee Dam is allowed in September with a minimum length 

limit of 60 in. Anglers with the intent of harvesting a lake sturgeon must purchase a sturgeon tag 

and report their tagged fish to a registration station. The bag limit is one lake sturgeon per angler 

per year, although the Menominee River downstream of Menominee Dam is catch-and-release 

only because of unsafe contaminant levels. Currently, lake sturgeon harvest is not allowed 

downstream of Grand Rapids Dam to protect fish that are passed upstream.  

Providing lake sturgeon downstream of Menominee Dam with access to other portions of 

the Menominee River where habitat is more conducive to juvenile survival could increase lake 

sturgeon recruitment. Subsequent downstream passage of juveniles will potentially supplement 

lake sturgeon numbers in Lake Michigan. Developing effective means to pass lake sturgeon 

around hydroelectric dams is a priority for natural resource agencies in Michigan and Wisconsin 

and around the Great Lakes. To achieve this goal, a lake sturgeon passage implementation team 

consisting of North East Wisconsin Hydro Inc. (now NEW Hydro LLC, a subsidiary of Eagle 

Creek Renewable Energy), U.S. Fish and Wildlife Service, Wisconsin DNR, Michigan DNR, the 

River Alliance of Wisconsin, and Michigan Hydro Relicensing Coalition was convened in 2005 

to determine how to address fish passage at Menominee and Park Mill dams. This 
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implementation team worked to design and test the feasibility of lake sturgeon passage on the 

Menominee River and identified the need to determine how lake sturgeon behave following 

passage to ensure management goals are met. Specifically, it is important to determine if passed 

lake sturgeon have the opportunity to spawn upriver and return safely downstream, and whether 

these opportunities are affected by differences in passage timing and lake sturgeon attributes 

(i.e., length, sex, and maturity). Fish managers with Wisconsin and Michigan DNR will need to 

develop an effective passage strategy to maximize recruitment potential and return of fish back 

downstream. My research specifically addressed these needs by using acoustic telemetry to 

monitor adult lake sturgeon movements after upstream passage. Ideally, this information will 

assist fishery managers on the Menominee River and throughout the Great Lakes in developing 

passage strategies to rehabilitate lake sturgeon in the region. 

My study objectives were to determine if: 1) adult lake sturgeon passed upstream have 

the opportunity to spawn at least once upstream of Park Mill Dam; 2) opportunity to spawn is 

related to sex, length of fish, and season of passage; 3) adult lake sturgeon passed upstream 

return downstream to the lower Menominee River; and 4) downstream passage rate and timing at 

Park Mill and Menominee dams are related to season of passage, time elapsed since passage 

occurred, river flow, or water temperature. 

METHODS 

Study Site 

 The 187 km-long Menominee River forms the border between northeast Wisconsin and 

Michigan’s Upper Peninsula. The Menominee River is formed by the confluence of the Brule 

and Michigamme rivers and drains into Green Bay, Lake Michigan. There are 10 dams on the 
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Menominee River that separate it into run-of-river impoundments, or flowages. My project 

provided upstream passage for lake sturgeon around Menominee and Park Mill hydroelectric 

dams, the two lowest dams nearest the river mouth. Lake sturgeon were passed into Upper Scott 

Flowage (USF), a 586 ac impoundment upstream of Park Mill Dam that includes access to 25 

km of river (Figure 2). USF was created by construction of Park Mill Dam (also called Upper 

Scott Dam) in 1922 and is currently owned and operated by Eagle Creek Renewable Energy. 

Grand Rapids Dam is the next dam upstream which was completed in 1912 and is currently 

owned and operated by Wisconsin Public Service Corporation. The 25 km of river upstream of 

the impounded section are generally shallow (< 2 m) with swift flow and abundant rocky 

structure. The impoundment is generally more lacustrine with less flow, deeper water, and silt 

substrates. This report will refer to both the impounded section and riverine section as ‘USF’. 

The impoundment between Park Mill and Menominee dams is called Lower Scott Flowage 

(LSF) and is approximately 1.75 km long and 121 ac. Sections of the USF, LSF, and lower 

Menominee River flow between the cities of Menominee, Michigan, and Marinette, Wisconsin, 

before emptying into Green Bay.   

Lake Sturgeon Passage 

Passage goals of 30 mature, ready-to-spawn lake sturgeon were established for each of 6 

passage events: October 2014; April, May, and October 2015; April and May 2016 (target n = 

180). Lake sturgeon were captured using the Menominee Dam fish elevator and boom shocker 

electrofishing (pulsed DC). Fish elevator operation consisted of lowering the hopper down to the 

river bottom and opening the gate. Flow up to 120 cubic feet/second (cfs) was directed through 

the hopper to attract lake sturgeon into the hopper. The gate was closed periodically and the 

hopper lifted to determine if any lake sturgeon were captured. Hopper contents were transferred 
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into a sorting tank and non-target species, to include lake sturgeon that did not meet passage 

criteria, were returned to downriver. Electrofishing (pulsed DC current) generally consisted of 

multiple boats sampling in the 1-km segment immediately downstream of Menominee Dam, 

with most of the fish being captured in the immediate tailwater downstream of the turbines. All 

lake sturgeon were measured to the nearest 0.25 in total length (TL; 6.35 mm), implanted with a 

passive integrated transponder (PIT) tag, and examined for sex and maturity using a portable 

ultrasound device (Sonosite® M-Turbo). Sex and maturity status were assigned according to 

Bruch et al. (2001), where F4 females and M2 males were expected to spawn in the next 

available spawning window. Lake sturgeon larger than 50 in TL (127 cm) and designated as 

either M2 or F4 using the ultrasound were selected for targeted for upstream passage. All fish not 

meeting these criteria were released back into the lower Menominee River.   

Dorsal fin tissue samples were taken from all lake sturgeon meeting upstream passage 

criteria and preserved in 95% ethanol. Genetic stock assignment was completed in the Molecular 

Conservation Genetics Laboratory (MCGL) at the University of Wisconsin-Stevens Point. 

Genotype data from a subset of samples presented in Homola et al. (2012) were used to create a 

reference dataset of lake sturgeon genetic units present in Green Bay (DeHaan et al. 2006; Welsh 

et al. 2008; Bott et al. 2009). The programs STRUCTURE (Pritchard et al. 2000) and ONCOR 

(Anderson et al. 2008) were used as a two phase validation to individual strain assignment (Fox-

Wolf, Menominee, or Peshtigo-Oconto). STRUCTURE uses a Bayesian approach to group 

individuals into K genetically similar clusters and is also able to identify putative hybrids or 

individuals from strains not in reference baseline populations. The program ONCOR is a 

maximum likelihood approach that identifies the most likely reference strain of each sampled 

lake sturgeon based only on the genetic units present in the reference dataset.  
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A subset of ten M2 males and ten F4 females from each passage cohort were designated 

to receive VEMCO® V16 acoustic transmitters (16 x 95 mm and 34 g in air; target n = 120). 

Expected V16 battery life is 9.7 years with a pseudo-random pinging sequence every 50 – 130 

seconds (i.e., time between pings is variable). Surgeries were performed in cradles made from a 

waterproof tarp secured between two poles with one end low enough to allow lake sturgeon head 

and gills to be partially submerged during surgery (Figure 3). To implant transmitters, incisions 

approximately 5 cm in length were made on the ventral surface, off-center from the midline 

approximately 15 cm anterior to the pelvic fins. In most cases, sex and maturity stage of fish 

were verified through the incision. Three absorbable sutures (1/0 VISORB®) were used to close 

incisions. All lake sturgeon selected for upstream passage were transported in 545–L (144 g) 

aerated tanks on a flatbed trailer to the release site. Due to concerns over high river flows, the 

Fall 2014 cohort was released into the USF at Menominee River County Park boat landing at 

Highway X (rkm 30) and all subsequent cohorts were released at the 18th Avenue boat landing 

(rkm 6.5) in Menominee, MI (Figure 2), which is the release point that most likely will be used 

in the future. Lake sturgeon that were moved upstream and subsequently recaptured downstream 

of Menominee Dam (returned downstream through both lower dams) were not selected again for 

passage. 

Downstream bypass structures were built at both dams. The Park Mill bypass is located at 

the downstream end of the 700-m long power canal along the Wisconsin shoreline (Figure 4). 

The bypass consists of an eight foot deep entrance and flow control structure that transitions to a 

1.2 m diameter pipe that spans from the power canal at a downward angle to LSF. A trash rack 

with 3.8 cm spacing is set at 45 degrees to the river flow to guide fish to the bypass entrance. A 

gravel ramp was also built under the bypass entrance to guide benthically-oriented lake sturgeon 
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to the bypass entrance structure. The bypass at Menominee Dam is located between the 

powerhouse building and spill gates and consists of a gravel ramp leading up to an open channel 

that spans from LSF at a downward angle to the lower river that is sufficiently steep and 

incorporates a 45.7 cm high lip to prevent upstream movement of fish. Lake sturgeon could pass 

downstream through spill gates when they were open at both dams. Open spill gates were the 

only means of downstream passage available to lake sturgeon at Menominee Dam as the bypass 

was not complete during the entire study, and at Park Mill during 2014 and summer of 2015 due 

to maintenance. During periods when downstream bypass structures were not operational spill 

gates at both dams were opened partially to provide downstream access to lake sturgeon. 

Acoustic Receiver Array and Manual Tracking 

Lake sturgeon movements were monitored with 22 VEMCO® VR2W stationary acoustic 

receivers located throughout USF, LSF, and the lower Menominee River. Receiver locations 

were chosen to optimize detection probability (e.g., narrow sections with few underwater 

obstructions; Figure 5). Receiver deployments were anchored to the river bottom with cement 

blocks weighing approximately 25 kg. Receivers were secured within PVC sleeves to 30-cm 

metal pipes extending upward from the cement block enabling the receiver hydrophone to be 

exposed in all directions. Receivers were deployed by boat approximately 15-30 m from shore 

and chained to a tree. Lake sturgeon were manually tracked periodically with a VR100 portable 

receiver. The VH165 omni-directional hydrophone was submerged 30 cm under the boat hull 

while drifting downstream; transmitter numbers and latitude and longitude were recorded for 

each lake sturgeon detected.  

The receiver array was range tested in July and August 2014 when flow was between 

1,400 – 4,000 cfs using four V16 test transmitters with a constant 60 second ping sequence. Test 
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transmitters were deployed along three transects at each receiver location: upstream, across the 

river, and downstream (Figure 6). Test transmitter deployments consisted of 3/8 in rope tied 

between two 1 g plastic jugs (Figure 7). The anchor jug was filled with sand to hold the rig in 

place while the float jug kept the rope vertical in the water. Test transmitters were secured to the 

rope approximately 30 cm above the anchor jug to simulate a transmittered lake sturgeon 

swimming near the bottom. Test transmitters were evenly spaced across each transect with exact 

distances between transmitters varying by transect location. For example, test transmitters at 

across-river transects were relatively close together (15 – 20 m) while upstream or downstream 

transects were farther apart (up to 100 m). Test transmitter arrays were allowed to ping at each 

transect for 10 minutes. Receivers were downloaded after all three transects were complete and 

plotted in VEMCO® User Environment (VUE) software to identify how many times each test 

ping was detected. The number of pings detected at each transect was divided by the known 10 

transmissions to estimate detection probability at each receiver. The lowest detection probability 

of any test transmitter at the across-river transect was used to summarize overall detection 

probability at each receiver. Sentinel transmitters that ping once every ten min were deployed 

near Grand Rapids Dam, Park Mill Dam, and Menominee Dam to provide a reference baseline of 

detections in these critical areas. Sentinel transmitters were attached to cinder blocks by wiring 

the base of each tag into PVC fittings that held the transmitters upright and able to ping in all 

directions for the duration of the study. Sentinel deployments were gently lowered to the river 

bottom with a boat hook.  

Data Analysis 

Analyses were based on lake sturgeon detection histories as of 31 August 2016.  

Detection histories vary in duration among cohorts because upstream passage events were 
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staggered over time (e.g., Fall 2014 fish = 23 months of detections; Spring 2016 fish = 4 months 

of detections). To address my first two objectives, each lake sturgeon was classified by number 

of spawning opportunities in USF before returning downstream: 0 = no spawning opportunity; 1 

= one spawning opportunity; and 2 = two spawning opportunities. Only males passed in Fall 

2014 and Spring 2015 potentially had two opportunities to spawn, as females would be unlikely 

to spawn twice in a two year interval. The spawning window each year was based on condition 

of fish observed in WDNR sampling and water temperatures reaching 11-16°C according to 

USGS gauging station 04067500 located approximately 3 km downstream of Grand Rapids 

Dam. Pearson’s chi-square tests (2x2 contingency tables; α = 0.05) were used to determine if 

numbers of fish with at least one spawning opportunity upstream of Park Mill Dam differed 

between sexes (male vs. female) and season of passage (spring vs. fall). Pearson’s chi-square 

tests with Yates’ correction (2x2 contingency tables; α = 0.05) were used to determine if 

numbers of fish with at least one spawning opportunity upstream of Park Mill Dam differed 

between sex sorted by TL categories within each sex (small vs. large). Small and large TL 

categories were defined as lake sturgeon that were less than or greater than the median TL of fish 

within each sex that were passed upstream.  

To address objective 3, each lake sturgeon was classified into one of three categories, or 

states, at the end of each month after passage: A = USF; B = LSF); and C = lower Menominee 

River. Encounter histories of individual fish were entered into a multi-state model for “live 

recaptures only” in Program MARK (Version 6.2) to estimate the probability each lake sturgeon 

transitioned from state A to state B and state B to state C for each month after passage. Survival 

(S) and detection probability (p) where fixed to 1 as there was no evidence of mortality and 

range testing of receivers were 100% effective at detecting transition between states; probability 
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of transitioning from state A to state C was fixed at zero as bypassing state B was not possible in 

this system. Four models were run in Program MARK to determine if including sex, season of 

transfer, or season of downstream transition improved model fit beyond a null model (i.e., fish 

not grouped). Transitioning from state A to state B was denoted as AB, and transitioning from 

state B to state C denoted as BC. The four models were: 1) null (AB vs. BC); 2) sex AB(male vs. 

female) BC(male vs. female); 3) season of upstream passage AB(spring vs. fall) BC(spring vs. 

fall); and 4) season of downstream passage AB(season) BC(season). Seasons in the season-of-

downstream-passage model were defined as spring (March, April, May), summer (June, July, 

August), fall (September, October, November), and winter (December, January, and February). 

The model with lowest corrected Akaike’s information criterion (AICc) was identified as the 

model of best fit (Burnham and Anderson 2002).   

Objective 4 was assessed by plotting the proportion of lake sturgeon by passage cohort 

that remained upstream of Park Mill dam, passed downstream of Park Mill Dam, or passed 

downstream of both Park Mill and Menominee dams as of 31 August 2016. Objective 4 was 

assessed by plotting the number of lake sturgeon within each cohort that passed downstream of 

Park Mill and Menominee dams in each month after passage in relation to monthly water 

temperature and flows recorded at USGS gauging station 04067500. I used a graphical approach 

for this objective because efforts to use multi-state models and categorical models (e.g., logistic 

regression, weighted least squares) would not converge.  

RESULTS 

Extended cold weather, hazardous river conditions, and availability of lake sturgeon 

collected in the fish elevator in March and April required adjustment of upstream passage 

schedule from six events to four: Fall 2014, Spring 2015, Fall 2015, and Spring 2016. A total of 
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113 lake sturgeon were passed upstream for this study: Fall 2014 (n = 18), Spring 2015 (n = 22), 

Fall 2015 (n = 32), and Spring 2016 (n = 41; Tables 1-4). Acoustic transmitters were surgically 

implanted in 15, 20, 25, and 40 lake sturgeon from each cohort, respectively (n = 100 fish). More 

male lake sturgeon (60) were passed upstream than female (49) and sex was not discernable in 4 

fish, but these 4 fish were not ready to spawn (Tables 1-4). Maturity stages were predominantly 

M2 and F4 (59 and 41 fish, respectively). Sufficient numbers of lake sturgeon meeting passage 

criteria (i.e., ≥ 50 inches (127 cm) and M2 or F4) were not always available at times needed for 

surgery during passage events. Consequently, 8 mature, but not ready to spawn fish were passed 

upstream (7 F3 females and 1 M1 male), as well as a single immature female (Fv) and the 4 fish 

of unknown sex that were not ready to spawn. All of these fish, with the exception of the Fv 

female, were implanted with V16 acoustic transmitters; the Fv female received only a PIT tag. 

Most of these non-spawning fish (n = 13) were passed upstream in May 2015 because elevator 

capture of fish peaked near the end of the spawning window and additional ready-to-spawn fish 

were unlikely to be available. In total, nine lake sturgeon were passed upstream with only PIT 

tags and four additional fish received V7 acoustic transmitters that became available from 

another study (7 x 22.5 mm; weight = 1 g in water; 120-day battery life). The four lake sturgeon 

with V7 acoustic transmitters were excluded from analyses beyond descriptive statistics as they 

did not have an opportunity to spawn during this study and they did not pass downstream of Park 

Mill Dam before battery expiration (i.e. insufficient data to address objectives). Fish receiving 

only PIT tags could not be used in analyses because their movements were unknown. A fifth 

passage event took place in Fall 2016 with the remaining twenty V16 transmitters, but that event 

fell outside the time period for my assessment as these fish will not spawn until May 2017.  
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Mean TL of male lake sturgeon passed upstream was 135.4 cm (SD = 7.5; range = 121.9 

– 157.5) and mean TL of female lake sturgeon was 149.5 cm (SD = 11.2; range = 124.5 – 171.5). 

This study used more lake sturgeon captured by electrofishing (80) than captured by the 

Menominee fish elevator (33). Nearly all lake sturgeon assigned genetically to the Menominee 

River (110) with one fish assigning to the Fox River. River of origin could not be determined for 

one fish and one fish was not genotyped (Tables 1-4).  

Range test results indicate greater than 90% detection probability at all but two receivers 

at the across-river transects. One receiver in USF had a 50% detection probability but was 

bracketed upstream and downstream by receivers with 90% detection probability, and one 

receiver in the lower Menominee River had a 60% probability but four additional receivers are 

located downstream; low detection probability at these two locations did not affect my ability to 

determine movement of lake sturgeon between river sections or fully address my objectives. The 

sentinel transmitters were continuously detected throughout the study period indicating receivers 

near sentinel transmitters remained operational. However, a decrease in number of sentinel 

transmitter detections in April 2015 and April 2016 suggest high flows in spring reduce detection 

probability in some locations. Deployment of multiple receivers at these critical locations 

ensured sufficient coverage to address my study objectives. 

After release, 86% (86 of 100) of lake sturgeon moved upstream to within 1 km of Grand 

Rapids Dam (i.e., upstream extent of USF). Of the 15 lake sturgeon released at Highway X from 

the Fall 2014 cohort, 93 percent (14 of 15) moved upstream to within 1 km of Grand Rapids 

Dam. Ninety three percent (13 of 14) did so in 24 hours and 100 percent (13 of 13) did so in 48 

hours. Mean time (hours) from Highway X to within 1 km of Grand Rapids Dam was 12.14 (SD 

= 4.70; Min = 7; Max = 25). Of the 85 lake sturgeon from remaining cohorts released at 18th 
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Avenue, 85 percent (72 of 85) moved upstream to within 1 km of Grand Rapids Dam. Seventeen 

percent (12 of 72) did so in 24 hours, 61 percent (44 of 72) did so in 48 hours, 78 percent (56 of 

72) did so in 72 hours; 22 percent (16 of 72) took greater than 72 hours. Mean time (hours) from 

18th Avenue to within 1 km of Grand Rapids Dam was 66.44 (SD = 90.04; Min = 18; Max = 

568). 

Lake sturgeon of undetermined sex (4) and those passed upstream but not expected to 

spawn the following spring (7 females and 1 male) were excluded from analyses for objectives 1 

and 2. Of the ready-to-spawn fish of known sex and implanted with acoustic transmitters, 83% 

(73 of 88) remained upstream of Park Mill Dam for at least one spawning opportunity. No 

significant difference existed between the percentage of males (82%; 40 of 49) and females 

(85%; 33 of 39) remaining upstream of Park Mill Dam for at least one spawning opportunity (χ2 

= 0.14, df = 1, P = 0.71; Figure 8). Additionally, the proportion of fish remaining upstream of 

Park Mill Dam for at least one spawning opportunity did not differ between fish passed upstream 

during spring (82%; 40 of 49) or fall (85%; 33 of 39; χ2 = 0.14, df = 1, P = 0.71; Figure 8). 

 Median total length of ready-to-spawn female lake sturgeon passed upstream was 152 

cm; 49% (19 of 39) were considered small (i.e., < 152 cm) and 51% (20 of 39) were considered 

large (i.e., ≥ 152 cm). Median total length of ready-to-spawn male lake sturgeon passed upstream 

was 136 cm; 47% (23 of 49) were considered small (i.e., < 136 cm) and 53% (26 of 49) were 

considered large (i.e., ≥ 136 cm). No significant difference existed between percent of small vs. 

large female lake sturgeon with at least one spawning opportunity upstream of Park Mill Dam 

(95% and 75%, respectively; χ2 = 1.60, df = 1, P = 0.21; Figure 9) or between percent of small 

vs. large male lake sturgeon (87% and 77%, respectively; χ2 = 0.29, df = 1, P = 0.59; Figure 9).    
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Multi-state modeling in Program MARK indicated that the season-of-downstream-

passage model best fit the data with an AICc value 43 units lower than the next best model 

(Table 5). The season-of-downstream-passage model estimated that the probability of a lake 

sturgeon returning downstream through Park Mill Dam each month after upstream passage was 

highest in spring at 17% (95% CLs = 12-23) and lowest in winter at 0%. Summer and fall 

probability estimates were both 8% (CL = 5-14; Figure 10). After lake sturgeon passed Park Mill 

Dam, the season-of-downstream-passage model estimated the probabilities of passing 

Menominee Dam as 36% in spring (95% CLs = 19-58), 42% in summer (95% CLs = 31-54), 

33% in fall (95% CLs = 17-55), and 0% in winter. 

As of 31 August 2016, 37% (37 of 100) of lake sturgeon remained upstream of Park Mill 

Dam, 6% (6 of 100) were between Park Mill and Menominee dams, and 57% (57 of 100) moved 

downstream of Menominee Dam. Rate of return does appear to be related to time elapsed since 

upstream passage because the proportion of fish returning downstream is higher for early 

cohorts. For example, all fish passed upstream during Fall 2014 (i.e., first cohort) returned 

downstream within 20 months of upstream passage (Figure 11). Average amount of time spent in 

USF was 5.9 months (range = 0 – 18.7 months) while average amount of time in LSF was 2.1 

months (range = 0 – 18.8 months). The average amount of time lake sturgeon spent in USF and 

LSF combined before returning to the lower Menominee River was 8.8 months (range = 0.1 – 

19.3 months; Figure 12). Peak months of lake sturgeon downstream passage at Park Mill and 

Menominee dams were May and June (Figures 13 and 14) and no lake sturgeon passed either 

dam in December, January, or February. Peak downstream movement periods in May and June 

occurred during periods of rapidly increasing water temperature in 2015 and 2016. Similarly, 

May-June pulses of downstream lake sturgeon movement occurred as discharge fell from 



20 
 

approximately 6,500 cfs to around 2,500 cfs (Figures 13 and 14). Six of the 63 lake sturgeon that 

moved downstream of Park Mill Dam used the downstream bypass; all Park Mill bypass usage 

occurred between 10 – 26 May 2016 after spending differing amounts of time in USF (0.2 - 12.6 

months). The remainder of these fish went downstream through the spill gates. All downstream 

passage at Menominee Dam was through spill gates as the bypass was not yet operational.   

Movement of lake sturgeon that were immature, mature but not ready to spawn, or where 

sex was not discernable was highly variable. Three sex-unknown fish were passed upstream in 

Spring 2015, one of which moved downstream of both dams after spending 13 months in USF 

and 2 months in LSF; two remained in USF after 16 months after passage; and one sex-unknown 

fish was passed upstream in Fall 2015 and spent eight months in USF and was in LSF as of 31 

August 2016. Three of the F3 stage female lake sturgeon passed upstream in Spring 2015 

remained in USF as of 31 August 2016; one F3 moved downstream of both dams after spending 

13 months in USF and 1 month in LSF; one F3 immediately moved downstream through Park 

Mill Dam and spent 1 month in LSF before moving downstream of Menominee Dam; one F3 

spent 3 months in USF and 9 months in LSF before passing Menominee Dam. One F3 passed 

upstream in Spring 2016 and remained in USF as of 31 August 2016. One M1 stage male lake 

sturgeon was passed upstream in Spring 2015 and immediately moved downstream of Park Mill 

Dam and spent 11 months in LSF before moving downstream of Menominee Dam.  

DISCUSSION 

My results suggest a high percentage of lake sturgeon passed upstream of Park Mill Dam 

will remain upstream for at least one spawning opportunity. This represents an important first 

step in determining the potential success of the passage program with regards to increasing 

recruitment. If the fish did not remain upstream of the dams for at least one spawning 
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opportunity, no benefits to recruitment would be realized. To my knowledge, no previous study 

has assessed spawning opportunity for lake sturgeon passed upstream, but Schmetterling (2003) 

reported 81% (21 of 26) of westslope cutthroat trout (Oncorhynchus clarki lewisi) and 86% (12 

of 14) bull trout (Salvelinus confluentus) had one spawning opportunity after upstream passage 

on the Clark Fork River, MT. Although I could not confirm that lake sturgeon passed upstream 

actually spawned upstream of Park Mill Dam, it seems likely that M2 and F4 females did spawn 

in this section of the river. The majority of the fish passed during both seasons (spring and fall) 

made rapid upstream movements to the area directly downstream of Grand Rapids Dam and 

were detected at this location during spawning windows. This tailwater habitat downstream of 

Grand Rapids Dam is considered the primary lake sturgeon spawning area within this segment of 

river (Daugherty et al. 2009). Although Daugherty et al. (2009) identified other good to excellent 

spawning habitat in the USF, detection data suggests lake sturgeon bypassed these areas in favor 

of the Grand Rapids Dam tailwater. Verification of spawning (i.e., actual egg deposition) will 

always be difficult. I suggest the next critical step in the evaluation process is to determine if lake 

sturgeon passed upstream actually contribute to recruitment upstream of Park Mill Dam, and if 

these recruits eventually move downstream through both dams and contribute to the Lake 

Michigan sturgeon population.  

The probability that lake sturgeon spawned after passage may have been affected by 

stress from capture, handling, tag implantation, and transportation to the release site. Follicular 

atresia (i.e., egg deterioration) has been documented in fish due to stress (Miranda et al. 1999), 

and temperature-induced follicular atresia has been documented in white sturgeon (Linares-

Casenave et al. 2002). However, it is unknown if lake sturgeon undergo follicular atresia because 

of passage-related stress. I suggest stress-induced follicular atresia was rare or non-existent in 
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this study as detection histories of most fish are consistent with upstream migration to known 

spawning areas. Additionally, Hondorp et al. (2015) found no significant differences between 

movements of newly transmittered lake sturgeon and those that were transmittered and released 

years before during the same time period. However, four lake sturgeon in my study passed back 

downstream through Park Mill Dam without discernable upstream movement. I suspect only one 

of those four may have died as it was only detected 23 times immediately upstream of Park Mill 

Dam but was not detected in LSF; mortality associated with passing through Park Mill Dam spill 

gates within hours of surgery is possible. Whether the fallback behavior in the other three fish 

was a result of passage stress or if those fish never intended to migrate upriver is unclear. No 

dead study fish were observed and the V16 transmitters were not equipped with mortality 

sensors.  

The high likelihood of at least one spawning opportunity occurring upriver regardless of 

passage season is important for allowing managers flexibility in planning future lake sturgeon 

passage operations. Fall passage might offer some advantages in terms of agency logistics 

because lake sturgeon passage would not coincide with busy spring sampling schedules or may 

be less affected by unpredictable weather and flow conditions that seem more prevalent during 

spring. Furthermore, our sampling (both electrofishing and elevator) suggests the resident 

population of lake sturgeon downstream of Menominee Dam in spring appears to be a mix of sex 

and maturity stages and fish, so individuals captured during spring in the lower river may not be 

attempting a spawning migration. Conversely, nearly every lake sturgeon captured during fall 

passage events was M2 or F4. This observation is consistent with a two-step spawning migration 

pattern described by Bemis and Kynard (1997), where a subset of adult sturgeon move upriver in 

fall and overwinter in staging areas prior to spring spawning. 
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My findings indicate the probability of downstream passage at Park Mill Dam was 

highest in spring. This is consistent with the life history pattern of potadromous lake sturgeon in 

non-fragmented systems where rapid downstream movement occurs after spawning activity 

(Bruch and Binkowski 2002; Vecsei 2011). Detection histories of lake sturgeon as they approach 

Park Mill Dam suggest fish are not always able to locate the downstream bypass quickly, if ever, 

as only six fish used the bypass to move downstream when it was operational. Five of these fish 

continued downstream past Menominee Dam and one was in LSF as of 31 August 2016. 

Detection histories show that some lake sturgeon swam back and forth along the spill gates of 

Park Mill Dam and into and out of the power canal for days or weeks until they found a way 

downstream (Figure 15), or in some cases swam back upriver.  

More than half of lake sturgeon that moved downstream of Park Mill Dam remained in 

the LSF less than 30 days. The probability of lake sturgeon then moving downstream through 

Menominee Dam was highest in summer, not spring. Several lake sturgeon passed Menominee 

Dam in July and August, which suggests delays in downstream migration can occur. These 

delays in downstream movement suggest that lake sturgeon moving downstream of Park Mill 

Dam in spring are either unable or unwilling to proceed immediately through Menominee Dam. 

Additional analyses are needed to determine if lake sturgeon utilized temporary flow releases to 

move downstream through Menominee Dam when spill gates would otherwise have been closed. 

One potential source of delay within LSF is the plunge pool associated with a semicircle flow 

diversion structure under the Park Mill Dam. When LSF water levels are low this riprap is 

exposed and the spill basin immediately under the dam becomes isolated from the rest of LSF. I 

observed several lake sturgeon ‘trapped’ under these conditions in late summer of 2015 and 
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2016. While the VR100 portable receiver did not detect acoustically tagged study fish, it is a 

potential source of delay for out-migrating lake sturgeon.  

The probability of passing either dam in winter was zero. Although spill gates and Park 

Mill bypass were closed all winter, detection histories suggest transmittered lake sturgeon were 

extremely inactive in winter and would not have attempted downstream movement even if 

downstream routes had been available. This inactive behavior is consistent with the findings of 

McLeod and Martin (2015) for lake sturgeon in the Namakan River, Ontario. While additional 

information on the timing of downstream passage will be available as more fish move 

downstream in the future, my initial findings indicate that providing downstream passage 

opportunities for adult lake sturgeon at both dams during spring and summer will be sufficient to 

facilitate downstream passage. Providing downstream passage during fall may be needed at 

Menominee Dam as my results indicate a delay after passing downstream of Park Mill Dam. 

Efficient downstream passage may require opening of spill gates (at least at Park Mill Dam) as 

few fish used the downstream passage facility. Future work will determine if the downstream 

bypass at Menominee Dam is utilized by lake sturgeon after it becomes operational. Providing 

downstream passage opportunities in winter is probably not necessary at either dam. As spill 

gates are often partially open in spring to accommodate high flows, normal dam operations will 

likely be minimally impacted during this season. Future research must also determine 

appropriate dam operation needed to facilitate downstream passage of juvenile sturgeon, as 

operational strategies could vary among life history stages. 

While the assessment of downstream passage is incomplete (i.e., 37 fish still upstream of 

Park Mill Dam), current information suggests that most, if not all lake sturgeon will return 

downstream of Menominee Dam within two years of passage. Fifty-five lake sturgeon did not 
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return downstream of Park Mill Dam immediately following their first spawning opportunity and 

remained in USF for an average 10.3 months (range = 1 - 15 months). This is longer than the 

average time lake sturgeon spent in LSF (2.1 months) and likely due to the staggered timing of 

individual cohorts and habitat differences between sections. For example, lake sturgeon passed in 

fall had to overwinter before spawning whereas spring cohorts could spawn immediately after 

passage. Furthermore, USF has approximately 31 km of diverse habitat with greater potential to 

harbor lake sturgeon for long periods. Lake sturgeon that entered LSF likely did so because they 

were already migrating downstream and there was presumably little incentive for out-migrating 

lake sturgeon to linger in LSF. 

Whether any fish will permanently remain upstream of Park Mill Dam is unknown at this 

time. However, my analysis suggests that the proportion of fish returning downstream increases 

as more time elapses after passage; all fish from the first cohort moved upstream are now 

downstream of Menominee Dam. If some of the lake sturgeon passed upstream remain for 

multiple spawning opportunities the need to transfer fish each year may be reduced, or fewer fish 

may need to be passed in each event to meet passage targets. Conversely, if continued 

monitoring shows that most lake sturgeon return downstream after only a single spawning 

opportunity, annual passage events will likely be required. High downstream return rates also 

mean that upstream passage would not result in a net decrease in adult lake sturgeon abundance 

in Lake Michigan, and would not result in potential competition with the resident population of 

lake sturgeon upstream of Park Mill Dam if resources are limiting. 

Additional research is needed to fully assess and improve the lake sturgeon passage 

program on the Menominee River. As mentioned previously, it will be important to determine if 

lake sturgeon passed upstream actually contribute to recruitment upstream of Park Mill Dam and 
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if these recruits eventually move downstream through both dams and contribute to the Lake 

Michigan sturgeon population. Both of these objectives could be assessed by using genetic 

parentage assignment (Jones and Ardren 2003; Jones et al. 2009). A substantial amount of 

genetic information is already available for many resident lake sturgeon upstream of Park Mill 

Dam and for all but one of the fish that were passed upstream during my study. Additionally, 

efforts to maximize capture of lake sturgeon in the elevator within Menominee Dam will ensure 

that future passage targets can be met. Determining operational procedures that maximize lake 

sturgeon capture is a learning process. A collaborative research project beginning in spring 2017 

will investigate factors influencing capture rates of lake sturgeon in the Menominee Dam fish 

elevator to better support upstream passage goals, while also continuing to monitor downstream 

passage of the lake sturgeon that were moved upstream as part of my study. This continued 

assessment will provide a more complete understanding of adult lake sturgeon behavior relative 

to downstream bypass structures, as the Menominee Dam bypass will be operational in 2017. 

Additionally, future research will be needed to determine if current downstream passage 

opportunities provide safe downstream passage for out-migrating juvenile and sub-adult lake 

sturgeon. Results from my study and future work will provide lake sturgeon managers on the 

Menominee River with information needed to develop and implement an effective lake sturgeon 

passage strategy, a strategy that will hopefully lead to more lake sturgeon in Lake Michigan and 

the Great Lakes.   
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TABLES 

Table 1. Tag identification (ID) numbers, tag type, capture gear, total length (TL), and maturity 

stage of lake sturgeon for the Fall 2014 passage cohort on the Menominee River, Wisconsin-

Michigan. Maturity stages are: M2 = mature male; F4 = mature female. Tag types are acoustic 

(V16) and passive integrated transponder (PIT). Genetic stocks are reported by tributary.  

Fall 2014 Passage Cohort 

Tag ID 
Tag 

Type 
Gear TL (cm) Maturity Genetic Stock 

25550 V16 Electrofishing 152 F4 Menominee 

25551 V16 Electrofishing 146 F4 Menominee 

25553 V16 Electrofishing 127 M2 Menominee 

25554 V16 Electrofishing 129 M2 Menominee 

25555 V16 Electrofishing 136 M2 Menominee 

25556 V16 Electrofishing 132 M2 Menominee 

25557 V16 Electrofishing 144 M2 Menominee 

25558 V16 Electrofishing 135 M2 Menominee 

25559 V16 Electrofishing 147 F4 Menominee 

25560 V16 Electrofishing 138 M2 Menominee 

25561 V16 Electrofishing 151 F4 Fox 

25562 V16 Electrofishing 132 M2 Menominee 

25563 V16 Electrofishing 137 M2 Menominee 

25564 V16 Electrofishing 138 M2 Menominee 

25565 V16 Electrofishing 143 F4 Menominee 

900118001507008 PIT Only Electrofishing 133 M2 Menominee 

900118001507042 PIT Only Electrofishing 128 M2 Menominee 

900118001503803 PIT Only Electrofishing 135 M2 Menominee 
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Table 2. Tag identification (ID) numbers, tag type, capture gear, total length (TL), and maturity 

stage of lake sturgeon for the Spring 2015 passage cohort on the Menominee River, Wisconsin-

Michigan. Maturity stages are: M1 = immature male; M2 mature male; Fv = virgin female; F3 = 

mature female not likely to spawn next opportunity; F4 = mature female likely to spawn next 

opportunity; UN = unknown. Tag types are acoustic (V16) and passive integrated transponder 

(PIT). Genetic stocks are reported by tributary. 

Spring 2015 Passage Cohort 

Tag ID Tag Type Gear 
TL 

(cm) 
Maturity Genetic Stock 

23026 V16 Electrofishing 127 M1 Menominee 

23028 V16 Electrofishing 130 F3 Menominee 

23030 V16 Electrofishing 145 UN Menominee 

23032 V16 Electrofishing 149 UN Menominee 

23034 V16 Electrofishing 161 UN Menominee 

23038 V16 Electrofishing 147 F3 Menominee 

23040 V16 Electrofishing 145 F3 Menominee 

23042 V16 Electrofishing 150 F3 Menominee 

23023 V16 Fish Elevator 128 M2 Menominee 

23024 V16 Fish Elevator 155 F4 Menominee 

23025 V16 Fish Elevator 136 M2 Menominee 

23027 V16 Fish Elevator 135 M2 Menominee 

23029 V16 Fish Elevator 145 M2 Menominee 

23031 V16 Fish Elevator 140 F3 Menominee 

23033 V16 Fish Elevator 156 F3 Menominee 

25546 V16 Fish Elevator 137 F4 Menominee 

25547 V16 Fish Elevator 154 F4 Menominee 

25548 V16 Fish Elevator 158 M2 Menominee 

25549 V16 Fish Elevator 151 F4 Menominee 

25552 V16 Fish Elevator 131 M2 Menominee 

985161001129255 PIT Only Electrofishing 128 Fv Menominee 

989001003299121 PIT Only Fish Elevator 128 F4 Menominee 
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Table 3. Tag identification (ID) numbers, tag type, capture gear, total length (TL), and maturity 

stage of lake sturgeon for the Fall 2015 passage cohort on the Menominee River, Wisconsin-

Michigan. Maturity stages are: M2 mature male; F4 = mature female; UN = unknown. Tag types 

are acoustic (V16) and passive integrated transponder (PIT). Genetic stocks are reported by 

tributary. 

Fall 2015 Passage Cohort 

Tag ID Tag Type Gear 
TL 

(cm) 
Maturity Genetic Stock 

37944 V7 Fish Elevator 145 M2 Menominee 

37946 V7 Fish Elevator 135 M2 Menominee 

37947 V7 Fish Elevator 145 F4 Menominee 

37945 V7 Fish Elevator 132 M2 Menominee 

23039 V16 Electrofishing 158 F4 Menominee 

23037 V16 Electrofishing 162 F4 Menominee 

23041 V16 Electrofishing 135 F4 Menominee 

23014 V16 Electrofishing 133 M2 Menominee 

23013 V16 Electrofishing 170 F4 Menominee 

23012 V16 Electrofishing 126 M2 Menominee 

23011 V16 Electrofishing 138 F4 Menominee 

23010 V16 Electrofishing 134 M2 Menominee 

23009 V16 Electrofishing 163 F4 Menominee 

23008 V16 Electrofishing 158 F4 Menominee 

23007 V16 Electrofishing 156 F4 Menominee 

23006 V16 Electrofishing 146 F4 Menominee 

23005 V16 Electrofishing 140 M2 Menominee 

23004 V16 Electrofishing 136 M2 Menominee 

23003 V16 Electrofishing 140 M2 Menominee 

23015 V16 Electrofishing 130 F4 Menominee 

23016 V16 Electrofishing 144 M2 Menominee 

23017 V16 Electrofishing 141 M2 Menominee 

23018 V16 Electrofishing 140 M2 Menominee 

23020 V16 Electrofishing 123 M2 Menominee 

23019 V16 Electrofishing 142 M2 Menominee 

23022 V16 Electrofishing 133 M2 Menominee 

23021 V16 Electrofishing 140 M2 Menominee 

23035 V16 Fish Elevator 142 F4 Menominee 

23036 V16 Fish Elevator 130 UN Menominee 

989001003299900 PIT Only Electrofishing 123 M2 Not Tested 

956000002998443 PIT Only Electrofishing 125 M2 Menominee 

98901004332599 PIT Only Fish Elevator 132 M2 Menominee 
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Table 4. Tag identification (ID) numbers, tag type, capture gear, total length (TL), and maturity 

stage of lake sturgeon for the Spring 2016 passage cohort on the Menominee River, Wisconsin-

Michigan. Maturity stages are: M2 mature male; F3 = mature female not likely to spawn next 

opportunity; F4 = mature female likely to spawn next opportunity. Tag types are acoustic (V16) 

and passive integrated transponder (PIT). Genetic stocks are reported by tributary where Men – 

P/O was unknown as it partially assigned to Menominee River (0.38 probability) and Fox River 

(0.62 probability).  

Spring 2016 Passage Cohort 

Tag ID Tag Type Gear TL (cm) Maturity Genetic Stock 

19382 V16 Electrofishing 142 M2 Menominee 

19384 V16 Electrofishing 131 M2 Menominee 

19385 V16 Electrofishing 135 M2 Menominee 

19383 V16 Electrofishing 151 F4 Menominee 

19380 V16 Electrofishing 156 M2 Men - P/O 

19378 V16 Electrofishing 133 M2 Menominee 

19376 V16 Electrofishing 135 M2 Menominee 

19374 V16 Electrofishing 138 M2 Menominee 

19381 V16 Electrofishing 167 F4 Menominee 

19379 V16 Electrofishing 151 M2 Menominee 

19377 V16 Electrofishing 163 F4 Menominee 

19375 V16 Electrofishing 147 M2 Menominee 

19393 V16 Electrofishing 155 F4 Menominee 

19391 V16 Electrofishing 157 F4 Menominee 

19389 V16 Electrofishing 156 F3 Menominee 

19387 V16 Electrofishing 140 F4 Menominee 

19392 V16 Electrofishing 129 M2 Menominee 

19360 V16 Electrofishing 156 F4 Menominee 

19388 V16 Electrofishing 143 F4 Menominee 

19373 V16 Electrofishing 144 M2 Menominee 

19390 V16 Electrofishing 138 M2 Menominee 

19372 V16 Electrofishing 152 F4 Menominee 

19370 V16 Electrofishing 172 F4 Menominee 

19371 V16 Electrofishing 127 M2 Menominee 

19367 V16 Electrofishing 160 F4 Menominee 

19366 V16 Electrofishing 136 M2 Menominee 

19368 V16 Electrofishing 137 M2 Menominee 

19369 V16 Electrofishing 125 F4 Menominee 

19363 V16 Fish Elevator 161 F4 Menominee 

19365 V16 Fish Elevator 149 F4 Menominee 

19361 V16 Fish Elevator 137 M2 Menominee 
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Table 4. Continued. 

Spring 2016 Passage Cohort 

Tag ID Tag Type Gear 
TL 

(cm) 
Maturity Genetic Assignment 

19359 V16 Fish Elevator 158 F4 Menominee 

19364 V16 Fish Elevator 149 F4 Menominee 

19362 V16 Fish Elevator 135 M2 Menominee 

19358 V16 Fish Elevator 127 M2 Menominee 

19356 V16 Fish Elevator 126 M2 Menominee 

19357 V16 Fish Elevator 122 M2 Menominee 

19354 V16 Fish Elevator 163 F4 Menominee 

19355 V16 Fish Elevator 140 F4 Menominee 

19386 V16 Fish Elevator 152 F4 Menominee 

985120028063702 PIT Only Fish Elevator 132 M2 Menominee 
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Table 5. Model selection results from Program MARK for four models used to estimate 

probability of lake sturgeon movement downstream through two dams on the Menominee River 

that borders the states of Wisconsin and Michigan after upstream passage 2014-2016.  

Program MARK Model Results 

Model AICc 
Delta 

AICc 

AICc 

Weight 
Likelihood 

No. 

Par. 
Deviance 

AB(season) BC(season) 494.94 0.00 1.00 1.00 8 244.70 

Basic(AB vs. BC) 538.38 43.43 0.00 0.00 2 300.28 

AB(Spring vs Fall) BC(Spring vs. Fall) 556.76 61.82 0.00 0.00 4 314.63 

AB(Male vs Female) BC(Male vs. 

Female) 562.32 67.38 0.00 0.00 4 320.19 
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FIGURES 

Figure 1. Map of Menominee River with regional inset. Black bars represent hydroelectric dams. 
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Figure 2. Detail map of lower Menominee River showing lake sturgeon capture site downstream 

of Menominee Dam and the release site for Spring 2015, Fall 2015, and Spring 2016 lake 

sturgeon cohorts upstream of Park Mill Dam; cohort Fall 2014 was released farther upriver at the 

Menominee River County Park boat landing.   
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Figure 3. (a) Example Vemco V16 transmitter (Vemco Inc., Halifax), and (b) surgery craddle 

used to allow lake sturgeon gills to be submerged during surgery. 
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Figure 4. Location of downstream bypass structures for lake sturgeon at Park Mill and 

Menominee dams on the Menominee River.  
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Figure 5. Acoustic receiver locations (black dots) within Menominee River study area. Insets 

detail multiple receiver locations near hydroelectric dams (black bars).   
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Figure 6. Diagram of VR2W range test deployment. Black crosses represent V16 test tags 

allowed to ping for 10 minutes in upstream, across, and downstream transects at each receiver.  
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Figure 7. Diagram of individual V16 test tag array used to range test VR2W receivers. 
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Figure 8. Percent of mature lake sturgeon by sex and passage season with at least 1 spawning 

opportunity upstream of Park Mill Dam on the Menominee River, WI-MI 2014-2016.  
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Figure 9. Percent of ready-to-spawn lake sturgeon by sex and size with at least one spawning 

opportunity upstream of Park Mill Dam on the Menominee River, WI-MI 2014-2016. 
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Figure 10. Program MARK monthly model probability estimates and 95% confidence limits for 

lake sturgeon moving downstream past Park Mill Dam (AB) and Menominee Dam (BC) in the 

Menominee River, WI-MI 2014-2016 during specific seasons. Fall = September, October, 

November; Winter = December, January, February; Spring = March, April, May; Summer = 

June, July, August.  
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Figure 11. Percent of lake sturgeon from each cohort remaining in Upper Scott Flowage (USF), 

Lower Scott Flowage (LSF), or Lower Menominee River (LMR) as of August 31, 2016.  
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Figure 12. Number of months lake sturgeon spent in the Upper Scott Flowage, Lower Scott 

Flowage, and lower Menominee River as of 31 August 2016.  
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Figure 13. Number of lake sturgeon that moved downstream past Park Mill Dam between 

October 2014 and August 2016 by passage cohort: Fall 2014, Spring 2015, Fall 2015, and Spring 

2016 (N = 63). Solid line represents flow and dashed line represents water temperature; readings 

taken from USGS 04067500 near McAllister, WI. Gaps in flow line are mid-winter periods when 

ice cover interfered with flow readings. 
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Figure 14. Number of lake sturgeon that moved downstream past Menominee Dam between 

October 2014 and August 2016 by passage cohort; Fall 2014, Spring 2015, Fall 2015, and Spring 

2016  (N = 52). Solid line represents flow and dashed line represents water temperature; readings 

taken from USGS 04067500 near McAllister, WI. Gaps in flow line are mid-winter periods when 

ice cover interfered with flow readings. 
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Figure 15. Lake sturgeon were detected at VR2W receivers swimming along Park Mill Dam spill 

gates and into and out of the Park Mill power canal while attempting to move downstream on the 

Menominee River, WI-MI. 




