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ABSTRACT 

Before my study, anecdotal information, such as incidental catches and reported 

sightings, provided the only means of assessing lake sturgeon, a species listed as 

threatened in New York State, in the lower Niagara River. The objectives of my study 
I 

were to ( 1) assess the population of lake sturgeon by collecting and analyzing age, 

growth, and CPUE data, (2) compare the habitats and movements of adults and juveniles, 

and (3) identify potential spawning, feeding, and nursery habitats and compare use of 

these habitats between adults and juveniles. From late July 1998 through August 2000, 

67lake sturgeon were captured using gill nets, baited setlines, and SCUBA divers. 

Overall, divers (2.5 fish/night) performed better than gill nets (0.25 fish/night) and 

setlines (0.23 fi,sh/night). Age of lake sturgeon captured ranged from 1 to 23 years, with 

most fish (n = 4 7) less than 10 years old. Six percent ( 4 out of 63) of the lake sturgeon 

captured had deformities, such as spinal curvature. Ultrasonic transmitters were attached 

to 24 fish (12 adults and 12 juveniles) to determine their habitat use and movements. 

Depth, current velocity, and substrate uses were similar between juvenile and adult fish. 

Monitoring the movements of adult fish during likely spawning temperatures ( 11 to 18 

°C) revealed that fish congregated both 8 to 10 km up river and within 5 km of the river's 

confluence with Lake Ontario. Based on the results of my study, I recommend that the 

lake sturgeon in the lower Niagara River remain listed as "threatened" by the NYSDEC 

and that the commercial and recreational fisheries remain closed. In addition, I 

recommend further studies investigating year class abundance, the cause of growth 

deformities, and the abundance and availability of food resources. 
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Background 

The lake sturgeon, Acipenser .fulvescens, originated from a sturgeon ancestry that 

appeared more than 250 million years ago. Often referred to as the "dinosaur fish," due 

to its primitive appearance and large size (adults can reach lengths of2.0 to 2.5 m), the 

lake sturgeon has been of great interest to scientists and the public for many years. The 

lake sturgeon is the only sturgeon native to the lower Great Lakes (Lake Erie and Lake 

Ontario), and it is believed to have entered the basin following the recession of the 

glaciers 10,000 to 14,000 years ago (MacNeill and Busch 1994). 

Lake sturgeon are long lived, sometimes surviving for 100 to 150 years. The 

oldest lake sturgeon ever recorded was a 152 year-old (94 kg) sturgeon taken from Lake 

of the Woods, Ontario in 1953 (Baker 1980). Lake sturgeon often do not mature ootil the 

age of 20 years and then spawn only periodically for the rest of their lives. Due to the 

lake sturgeon's slow growth, late maturity, and periodic spawning, management of this 

species has been a challenging task. 

Historically, lake sturgeon were extremely abundant throughout the Great Lakes 

and North America At one time, lake sturgeon were regarded as "nuisance" fish because 

they damaged fishing gear and provided no commercial or recreational value. Fish were 

harvested by the hundreds of thousands of pounds annually during the early part of the 

nineteenth century. By the mid-1800s, the importance of lake sturgeon as a commercial 

fish species was recognized. Highly regarded for their eggs (caviar) and smoked flesh, 

lake sturgeon were harvested from the Great Lakes in incredible numbers. During the 

decade 1881 to 1890, in Lake Erie alone, approximately 430,825 kg of fish were 

harvested (MacNeill and Busch 1994). Since the crash of populations throughout the 
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Great Lakes during the early 1900s, only small commercial and recreational fisheries in 

some states and Canadian provinces exist. 

Several abiotic and biotic factors contributed to the decline of lake sturgeon. 

Overexploitation by the commercial fishery in the 1800s had the most dramatic effect on 

fish abundance. By the late 1960s, near the end of the commercial fishing era, harvest in 

Lake Erie was reduced to a mere 900 kg annually (MacNeill and Busch 1994). Industrial 

development destroyed spawning habitats and caused pollution and reduced water 

quality. Water diversion and damming blocked traditional spawning routes. These 

factors, coupled with the lake sturgeon's late age of maturity and periodic spawning, 

created a formula for rapid decline. Populations throughout the Great Lakes crashed and 

have been very slow to recover. 

The lake sturgeon is a protected species over much of its range. There is much 

effort to preserve, enhance, or restore existing populations in North American waters. 

Currently, remnant populations of lake sturgeon exist throughout the lower Great Lakes 

basin. However, stocks are quite reduced from historical abundance. Lake sturgeon are 

listed as "threatened" in both Pennsylvania and New York and "endangered" in Ohio. 

Lake sturgeon became protected in New York State by the closure of the commercial 

fishery in 1976 (Carlson 1995). 

Management efforts, initiated by government agencies such as the U.S. Fish and 

Wildlife Service (USFWS), Ontario Ministry of Natural Resources (OMNR) and New 

York State Department of Environmental Conservation (NYSDEC), work to restore and 

enhance lake sturgeon populations throughout the region. Genetic analysis of natural 

strains is being conducted where stocking is being considered to restore extinct 
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populations. Knowledge of the genetics of the different populations of sturgeon in the 

Great Lakes is key to a successful stocking program. Managers must avoid diluting the 

existing wild strains with non-native hatchery fish (MacNeill and Busch 1994). In 

addition to their use in genetic analysis, tissue and pectoral fm samples are being 

collected for age and growth analyses. Determining distribution and abundance and 

identifying spawning habitats also are vital for assessing current status and feasibility for 

recovery of lake sturgeon. 

Unfortunately for recovery efforts, little is known about the population of lake 

sturgeon in the lower Niagara River. Historical accounts indicate that a healthy, naturally 

reproducing population of lake sturgeon in the lower Niagara River, large enough to 

support both commercial and recreational fisheries, existed into the early 1940s (Aug 

1992; Carlson 1995). By 1950, sturgeon numbers had declined so dramatically that the 

fishery collapsed and most fishermen gave up efforts to catch fish (Aug 1992). Since that 

time, very little assessment of the remaining population has been conducted, and the 

status of the lake sturgeon in the river is not well known. Before my study, anecdotal 

information, such-as incidental catches and reported·sightings of sturgeon, provided the 

only means of assessing the population (Lowie et al. 2000). It is for these reasons that I 

undertook an investigation that would provide greater knowledge of the current 

population status, habitats, and behaviors of the lake sturgeon in the lower Niagara River. 
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Review of Lake Sturgeon Biology and Life History 

Taxonomy and classification 

Classification of the lake sturgeon details an evolutionary history dating as far 

back as the beginning of the Mississippian (Carboniferous) period some 340 million 

years ago (Moyle and Cech, Jr. 1988). Members of the Class Osteichthyes (bony fishes) 

and the Subclass Actinopterygii (ray fmned fishes characterized by bony scales without 

fleshy lobes), lake sturgeon evolved from the Infraclass Chondrostei that arose during the 

Mississippian and Pennsylvanian periods some 260 million years ago (Moyle and Cech, 

Jr. 1988). Lake sturgeon are members of the Order Acipenseriformes (largely 

cartilaginous endoskeleton) which includes all modem day Chondrosteans (25 species of 

sturgeons and paddlefishes) (Moyle and Cech, Jr. 1988). Modem day Chondrosteans 

possess heavy and primitive ganoid scales, spiracles, and a hetereocercal ("shark-like") 

tail (Moyle and Cech, Jr. 1988). Sturgeons make up the Family Acipenseridae, which is 

comprised of four genera with more than 20 species (Bond 1979). All sturgeons in the 

Genus Acipenser are characterized by five rows of bony scutes (plates) on the dorsal, 

lateral and ventral sides of the fish and an inferior protruding mouth preceded by four 

sensory barbels (Bond 1979; Moyle and Cech, Jr. 1988). Lake sturgeon are 

geographically and morphologically separated from other sturgeon and are classified as 

the species A. fulvescens, meaning fulvous, tawny, or dull yellow color (Harkness and 

Dymond 1961; Scott and Crossman 1973 ). 
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Appearance 

The lake sturgeon possesses a number of distinguishing physical characteristics, 

including an elongated, heterocercal caudal fin with a prominent lower lobe and a large 

upper lobe (Smith 1985). The mouth is inferior and extendable with fleshy lips (similar 

to suckers- Family Catostomidae) with four sensory barbels anterior to the mouth. Bony 

scutes, which are often razor-sharp in juveniles, line the dorsal, lateral and ventral 

surfaces of the fish. Adults are often a uniform dull gray and juveniles (fish< 300 mm) 

are a darker brownish gray with mottled blotches of darker pigmentation (Smith 1985). 

Distribution 

Lake sturgeon are found in three drainage basins in North America- the 

Mississippi, Great Lakes-St. Lawrence, and Hudson Bay (Harkness and Dymond 1961; 

Priegel and Wirth 1977). They occupy a wide variety of lakes and large river systems in 

both the United States and Canada. In the lower Great Lakes basin, native lake sturgeon 

populations exist today in Lake Erie, the upper and lower Niagara River, Lake Ontario, 

and the St. Lawrence River .. NYSDEC stocking efforts are currently re-establishing local 

populations where naturally reproducing lake sturgeon were thought to have once 

occurred (e.g., Cayuga Lake, Oswegatchie River, Oneida Lake) (Bouton 1994). 

Life history and habitats 

The lake sturgeon is generally a cool water species, preferring water temperatures 

from 10 to 16 °C (Harkness and Dymond 1961; MacNeill and Busch 1994). It associates 

with productive shoals of large lakes and river systems and seeks out areas of high 
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oxygen(> 5 mg/L), particularly for spawning. Preferred water depths ( 4.5 to 9.0 m) are 

in shallow, littoral zones, although some lake sturgeon have been observed at depths in 

excess of 25 to 30 m (Harkness and Dymond 1961 ). Lake sturgeon require habitats with 

abundant benthic macroinvertebrates for food. 

Lake sturgeon are long-lived, slow-growing fish. Growth can be quite rapid for 

the frrst ten years of life and then be slow or variable thereafter. Tagging studies in 

Michigan have revealed individual annual growth rates varying from 0 to 3.8 em in 122 

to 132 em fish (Baker 1980). As adults, lake sturgeon can achieve lengths of 1.5 to 2.0 m 

and weights over 90 kg (Harkness and Dymond 1961 ). The largest lake sturgeon ever 

recorded include a fish captured in Lake Superior (1922) and another fish found in Lake 

Michigan (1943), both measuring over 228 em and weighing an incredible 140.6 kg each 

(Harkness and Dymond 1961; Auer 2000). Lake sturgeon mature at a late age, and age of 

frrst reproduction varies by sex and individual. Males (12 to 22 years) typically mature 

earlier than females (14 to 33 years) (Harkness and Dymond 1961). 

Lake sturgeon spawn during the months of April to June when water temperatures 

range from 13 to 18 °C (M;acNeill and Busch 1994). LaHaye et al. (1992) reported peak 

spawning to occur in the Des Prairies and L 'Assomption Rivers (Quebec, Canada) at 

water temperatures ranging from 11 to 15 °C. Lake sturgeon can be lake, river or 

tributary spawners, depending upon the system. Adults migrate to spawning habitats 

during the reproductive season, often ascending tributaries and traveling long distances. 

Individual fish exhibit a variety of spawning behaviors including leaping, digging and 

rolling on the bottom (Harkness and Dymond 1961 ). Lake sturgeon are substrate 

spawners and require high flow or high oxygen areas (river rapids/wave-swept shoals) 
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with gravel substrate in which to lay their adhesive eggs. A typical female (greater than 9 

kg) is capable of producing about 10,000 eggs per kg (Harkness and Dymond 1961). At 

15 to 18 °C, eggs hatch in 5 to 8 days, and young of the year fish are 10 to 13 em long by 

the end of the frrst summer (Smith 1985). Lake sturgeon are periodic spawners (do not 

spawn every year) and the frequency of spawning varies by sex. Males typically spawn 

once every two to seven years, whereas females spawn once every four to nine years. A 

consequence of this periodic spawning is that only 10 to 20 percent of the population will 

spawn in any given year (MacNeill and Busch 1994). As a result, recovery of an 

exploited or reduced population can be very slow. 

Lake sturgeon feeding habitats vary seasonally, consisting of both shallow 

(5 to 10m) and deep (10 to 25m) water areas with abundant food supplies (Harkness and 

Dymond 1961; Hay-Chmielewski 1987). Lake sturgeon use their extendable, inferior 

mouths to feed on a wide variety of benthic invertebrates and other organisms, including 

insects, crayfish, dead fish, clams, leeches, zebra mussels (Dreissena polymorpha) and 

fish eggs. Lake sturgeon slowly move along the bottom using their sensory barbels to 

detect food. Unfortunately, benthic feeding makes the fish susceptible to high levels of 

chemical contaminants in the substrate (MacNeill and Busch 1994). As an additional 

consequence of benthic feeding, in some waters (e.g., Lower Niagara River), lake 

sturgeon are susceptible to angling and can be caught by anglers fishing on or near the 

bottom. 
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Objectives for this Study 

OBJECTIVE 1: Assess the population of lake sturgeon in the lower Niagara River by 

collecting and analyzing age, growth, and catch per unit effort (CPUE) data. 

OBJECTIVE 2: Compare the habitats and movements of adult and juvenile lake sturgeon 

in the lower Niagara River. 

OBJECTIVE 3: Identify potential spawning, feeding and nursery habitats in the lower 

Niagara River and compare utilization of these habitats between adult and juvenile lake 

sturgeon. 

Study Area 

The Niagara River is a 61 km long waterway that connects Lakes Erie and 

Ontario. It is located in western New York, and it forms the international border between 

the United States and Canada. In New York State, the Niagara River drains about 3,680 

2 . 
km of Northern Appalachian Plateau and lakeshore lowlands (NYSDEC 1997). The 

river discharges at an average rate of over 5,000 m3 Is, which represents about 80 percent 

of the total water flow into Lake Ontario (Hayashida et al. 1999). The upper and lower 

portions of the Niagara River are separated by the Niagara Falls, an over 150m high 

natural falls located about 15 km from the river's confluence with Lake Ontario. Both 

Canada and the U.S. operate hydropower facilities on the Niagara River. Consequently, 

these damming operations influence water discharge in the lower river. 
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. The Niagara River is the primary source of suspended and dissolved materials to 

western Lake Ontario (Masse and Murthy 1992). The river passes through a heavily 

populated, industrialized region, which includes the major cities of Buffalo and Niagara 

Falls, New York and Niagara Falls, Ontario. The river contains several "areas of 

concern" identified by the U.S. Environmental Protection Agency (EPA) and the 

International Joint Commission (IJC) (Atkinson et al. 1994). Chemical dump sites, 

discharges from industrial plants, and sewage outfalls along the river's route all 

contribute to the potential loading of hazardous materials, including contaminants such as 

mercury and mirex (Masse and Murthy 1992; Hyashida et al. 1999). 

At its confluence with Lake Ontario, the Niagara River forms a discharge plume 

where the flow turns eastward in a coastal current along the southern shore of Lake 

Ontario (Masse and Murthy 1992; Figure 1.1). Water temperatures in the Niagara River 

may be 3 to 4 °C warmer than Lake Ontario during the spring and fall seasons (Masse 

and Murthy 1992). 

From Lewiston, NY downstream to the river's mouth, the maximum channel 

depth ranges from 10 to 50, m and averages about 15 m. While the depth at the mouth of 

the Niagara River is over 20 m deep, it shallows to 5 to 10 m just offshore to form the 

''Niagara Bar" and then drops again to over 20m (Masse and Murthy 1992). 

, Lake sturgeon were sampled in the lower Niagara River from Lewiston, NY ( 43° 

09' 00" N, 79° 03' 00" W) downstream to the river's confluence with Lake Ontario, 

Youngstown, NY (43° 16' 00" N, 79° 04' 00" W) (Figure 1.2). Sampling efforts were 

focused in two back-eddy environments, in the vicinity ofQueenston, Ontario, Canada 

and just do'Wllstream of Joseph Davis State Park, U.S. Ultrasonic tracking was conducted 
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from Lewiston downstream to the river mouth. In addition, tracking was conducted 

offshore at a distance to include the "Niagara Bar" and phnne (Figures 1.1 and 1.2). 

Figures 
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Figure 1.1. Direction and speed of the current in the Niagara River plume (taken from 
Masse and Murthy 1992). Ship-tracked drifters were used to estimate velocities, 
represented by the small vectors. 
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Introduction 

Before 1998 and my study, little sampling for lake sturgeon had occurred in the 

lower Niagara River, and very little was known about the population. There was a need 

to gain more knowledge regarding the numbers of fish utilizing the river, the age 

structure of the population, and the relative health and condition of the fish. From 1994 

to 1998, most information about lake sturgeon in the lower Niagara River was acquired 

through a Lake Sturgeon Sighting Program in which lake sturgeon sightings were 

reported by the public (Lowie et al. 2000). Anecdotal information, such as approximate 

sizes of sturgeon and locations where fish were seen or caught, were provided to the 

USFWS Sighting Program. Although this information was useful (e.g., provided 

locations for biologists to target sampling efforts), it had limitations. Biological 

measurements such as length, weight, and age could not be made. 

For this part of my study, I sampled lake sturgeon to obtain the biological 

information necessary to assess the population. I analyzed the relationships among 

length, weight, and age to better understand the growth and condition of lake sturgeon in 

the river. In addition, an analysis of catch per unit effort (CPUE) allowed me to assess 

the relative abundance of lake sturgeon in the river. 

Methods 

Study design 

Efforts to capture lake sturgeon began in late July 1998 and continued through the 

spring of2000. Adult (1.2 to 1.8 m) and juvenile(< 1.2 m) lake sturgeon were targeted. 

Attempts were made to capture and tag equal numbers of juvenile and adult fish by using 
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different types of gear and sampling methods. Seasonal changes in fish abundance and 

river conditions were taken into account when deciding which sampling techniques to 

use. CPUE data allowed me to assess the effectiveness of different sampling methods 

and the relative abundance of fish in different areas of the river. Biological data (length, 

weight, and girth) and pectoral fm samples (for age interpretation) were collected from all 

fish captured. I analyzed length, weight, and age data to characterize the growth and 

health of the lake sturgeon population in the lower Niagara River. 

Lake sturgeon sampling 

Sampling efforts focused primarily on the use of gill nets and setlines, although 

SCUBA diving was conducted on an experimental basis (Appendix A, Table 1A). 

Experimental, monofilament gill nets (38m length, 5 to 20 em stretch mesh) targeted 

juveniles while larger, single mesh nets ( 46 m length, 25 em stretch mesh) targeted 

adults. In August of 1998, only experimental nets were used, since the 25 em nets were 

not yet acquired. The use of 25 em nets began in late April of 1999 and both 25 em and 

experimental nets were set periodically throughout the summer of 1999. In 2000, from 

early March to late May, only 25 em gill nets were set. Since fast currents and floating 

debris in the main river often caused nets to fish ineffectively, gill nets were set mainly at 

the downstream ends of eddies, where the tail end of the slow, eddy currents met with the 

faster currents of the main river- at the eddy's "edge." Most gill nets and setlines were 

set at depths ranging from 7.5 to 12m. 

Setlines were constructed according to the methods of Thomas and Haas (1999). 

Setlines consisted of25 dead fish baits set at 3m intervals across an approximate 75 m 
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section of braided polypropylene rope weighted and buoyed at both ends. Frozen 

alewives (A los a pseudoharengus) and rainbow smelt ( Osmerus mordax ), collected live 

from Lake Ontario, were thawed and baited one to two fish (depending on size) per hook. 

During October of 1999, lines were baited with chinook salmon (Oncorhynchus 

tshawytscha) eggs removed from spawning fish captured from the lower Niagara River. 

Setlines were used experimentally for only two nights in 1998. However, setlines were 

deployed frequently in 1999 from July through October. In 2000, setlines were used 

periodically from March through August. 

SCUBA diver capture of sturgeon was done in August of 1998 and June/July of 

1999. Teams of two to three divers conducted night dives between the hours of2200 and 

0100. Dives were carried out at night because preliminary diving efforts revealed that 

lake sturgeon were more visible at night compared to the daylight hours. Additionally, 

fish were less likely to detect the divers or flee during low light conditions. Divers 

navigated through the dark waters, and fish were located by use of high-powered (300 

watts) underwater lights. It was believed that the bright light temporarily disoriented or 

immobilized the fish, making them more vulnerable to capture. Standard, nylon mesh 

landing nets were used to capture fish. If a fish was too large for the net to sufficiently 

hold it, a duck decoy bag was placed over the entire net and fish so that they could be 

transported to the surface. 

Tagging and fish processing procedures 

Immediately after capture, all·lake sturgeon were placed in an aerated holding 

tank on board the research vessel. As soon as possible, they were transported to a large 
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holding pen (2.4 m long by 1.2 m wide by 1.5 m deep) located in water 1.5 to 1.8 meters 

deep adjacent to an on-shore facility used for processing. Fish were allowed to recover in 

the holding pen until they were deemed fit enough for processing (after approximately 1 

to 2 hours). Fork length (FL ), total length (TL ), weight, girth, and sex (on adults when 

possible) were recorded for all lake sturgeon. Pectoral fm bone and tissue samples were 

collected for age estimation and genetic analysis (Cuerrier 1951; Rossiter et al. 1995; 

Lowie et al. 2000). A 10-mm section of hard ray at the proximal end of the fin 

immediately adjacent to the articulate knuckle was removed and placed in a labeled scale 

envelope for later age analysis. A 1.25 cm2 section of soft tissue from the distal end of 

the fm was clipped and preserved in vials with 95% ETOH for later genetic analysis. 

Internal sexing of some adult fish(> 120 em TL) was attempted in the field. An 

approximately 2.5 to 5.0 em incision was made on the ventral surface of the fish to 

expose the gonads in order to determine the sex and state of maturity of the fish (Bruch et 

al. 1999). After examination, the incision was treated with Betadine, sutures were 

applied to the external dermal layers. of the fish, and the fish was placed in the holding 

pen. 

All lake sturgeon captured were tagged. A Monel cattle ear tag or disc tag 

(depending upon the amount of tissue available) was attached to the base of the dorsal fin 

of each fish. In order to ensure complete recovery, tags were applied to the fish in an 

aerated holding tank with a continuous water supply. After processing and tagging, fish 

were placed back into the holding pen for another 1-hour recovery period before release. 
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Age. interpretation 

Pectoral fm samples collected in the field were dried, cut, and mounted on 

standard microscope slides. Pectoral fm cross sections were cut using a jeweler's saw. 

Cross sections were mounted, three per slide, using crystal bond, clear glue. Sizes SP-

200, 400, and 600 grit sandpaper were used to smooth the cross sections and thin them 

until translucent so that the growth annuli could be seen. Cross sections were viewed 

under a Leica Stereo zoom® dissecting microscope. Three to four people interpreted each 

sample and the resulting ages were averaged to estimate the age of each fish. 

Data analysis 

The CPUE of lake sturgeon for each sampling method (gill nets, setlines, and 

divers) was calculated for sampling periods of months and seasons (1998, 1999, and 

2000). The CPUE for each sampling method was calculated by the formula: 

CPUE = total number of sturgeon caught I time fished (nights or hours) 

I constructed scatterplot graphs showing relationships between length, weight, 

and age variables by regression analyses using Microsoft® Excel, Version 97. "Best fit" 

trendlines were fit to the· data by the least squares method for logarithmic and power 

function equations. R2 (coefficient of determination) values were calculated to assess the 

variation in the dependent variable accounted for by the independent variable. The 

equation type yielding the largest R2 value was used to describe the relationships. 

The length-weight relationship was described by the power function Y = aXb 

where Y =weight, X= length, and a and bare parameters (Anderson and Gutreuter 

1983). Crrowth was assessed based on the principle that a value of bless than 3.0 

represents fish that become less rotund as length increases, and b greater than 3.0 
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represents fish that become more rotund as length increases (Anderson and Gutreuter 

1983). 

I performed a cluster analysis (PC-ORD®, Version 4) to see whether the two 

groups of fish Guveniles and adults) suggested by age estimates separated by size as well. 

The cluster analysis included the variables measured in the field (total length, fork length, 

girth, and weight). To avoid biased weighting of the variables, I standardized the data by 

converting the data values (X) to Z-scores by the formula: 

Z-score = (X - average) I standard deviation 

I used an agglomerative clustering procedure based on two components: (1) 

Relative Euclidean as a distance measure to describe the resemblance between fish and 

(2) Group Average (unweighted pair-group average) as a linkage method (Wishart 1969; 

Sneath and Sokal 1973; Greig-Smith 1983). 

Results 

Catch per unit effort (CPUE) data 

From late July 1998 through August 2000, a total of 67 lake sturgeon (four 

recaptured fish) were captured using gill nets, baited setlines, and divers (Table 2.1; 

Appendix A, Table 1A). Diving was performed for four nights totaling seven hours of 

sampling, compared to gill nets (122 nights) and setlines (115 nights) totaling 2,539 

hours and 2,460 hours, respectively (Table 2.1 ). Overall, active capture using SCUBA 

divers (2.5 fish/night) performed bett~r than passive capture using gill nets (0.25 

fish/night) and setlines (0.23 fish/night) (Table 2.1). CPUE for all methods for the entire 
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study was 0.28 fish per night. The majority (77%) of lake sturgeon were captured in 

either Peggy's Eddy or the Queenston Drift (Figure 1.2; Appendix A, Table 2A). 

Biological data 

Biological measurements, including total length {TL ), fork length (FL ), girth, and 

weight were taken from 62 of the 67 lake sturgeon captured (Table 2.2; Appendix A, 

Table 2A). In general, the heavier, larger fish were captured in the gill nets. However, 

there was a broad, overlapping range across all gears (Table 2.2). Setlines and gill nets 

primarily targeted sturgeon over 700 mm with an average total length over 1000 mm 

(Table 2.2, Figure 2.1 ). 

A graph of length and weight for all lake sturgeon captured shows an exponential 

growth pattern typical offish (Anderson and Gutreuter.1983; Figure 2.2). The growth 

curve predicts weight to increase at approximately 3.5 the power of length (b = 3.5564, 

R2 
= 0.9769), with fish becoming much more rotund as length increases. There is a 

strong, positive linear relationship (R2 
= 0.9131) between length and girth, with girth 

increasing at a slightly higher rate after about 1400 mm (Figure 2.3). 

Age Data 

Age of lake sturgeon captured ranged from 1 to 23 years old, with most fish (n = 

47) less than 10 years old (Figure 2.4; Appendix A, Table 3A). An asymptotic growth 

curve for total length predicts a rapid increase in length during the frrst ten years of life, 

and then a gradual slowing of growth thereafter (R2 
= 0.8782) (Figure 2.5). 
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Juvenile and adult classification 

Using the age estimates (Appendix A, Table 3A) and literature information 

(Cuerrier 1951; Harkness and Dymond 1961; Priegel and Wirth 1977; MacNeill and 

Busch 1994 ), I tentatively grouped fish 10 years or older as adults and fish less than 10 

years old as juveniles. The ages of all tagged fish that I grouped as juveniles were 

interpreted to be less than 10 years old (range of3 to 9 years) with an average age of6 

years (Table 2.3). In comparison, the ages of all tagged fish that I grouped as adults were 

interpreted to be older (range of 12 to 23 years) with an average age of 17 years (Table 

2.3). 

A cluster analysis performed using the biological measurements from the 24 

ultrasonically tagged fish, for which I had age data, produced a dendrogram with two 

groups of 12 fish with some sub-groups within (Figure 2~6). Individual fish were labeled 

in the dendrogram as "F (ultrasonic tag number)" (Figure 2.6; Appendix A, Table 2A). 

Ultrasonically tagged fish #87 (F87) was the largest (TL = 1141 mm) and heaviest 

(weight= 11.8 kg) fish of the frrst group (F87- F266) and was clustered the furthest 

distance from the other ~ub-groups within the frrst group. However, fish #87 still 

remained more dissimilar to the second group (F96- F293) of 12 fish. Because the 

clustering results were consistent with my groups from the age estimates (Table 2.3; 

Appendix A, Table 3A), I concluded that there were likely two groups, based on size, of 

lake sturgeon of equal sample size (n = 12) in this study. Thus, I defined the groups as 

"juveniles" and "adults" for subsequent analysis and comparisons. 
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Discussion 

Population assessment 

CPUE data from passive sampling gears can provide an estimate of the relative 

abundance for a target species (Ney 1993). However, several variables, including season, 

water temperature, bottom substrate (see Chapter 3), turbidity, currents, and gear 

selectivity can influence capture efficiency, and these factors must be taken into 

consideration when making temporal and spatial comparisons (Hubert 1983; Ney 1993). 

Gill net and setline CPUE data from this study enabled me to characterize the relative 

abundance of lake sturgeon in the river and make general comparisons to other 

populations of lake sturgeon. Unfortunately, no CPUE data existed for lake sturgeon in 

the lower Niagara River before my study. Only anecdotal accounts from recreational and 

commercial fisherman gave some estimate of the historical abundance of lake sturgeon in 

the river. Therefore, absolute changes in lake sturgeon abundance over time cannot be 

documented. 

There are not adequate, comparable CPUE data for populations of lake sturgeon 

throughout the Great Lakes.· Few studies have adequately assessed the efficiency of 

different sampling gears and the current status of lake sturgeon populations. Historically, 

major rivers, including the Niagara River, St. Lawrence River, Detroit River, and St. 

Clair River were known to support abundant lake sturgeon populations (Carlson 1995; 

Thomas and Haas 1999). Without previous knowledge of lake sturgeon abundance in the 

lower Niagara River, it is difficult to conclude whether CPUE data for gill nets and 

setlines (range 0 to 0.36 fish per night, average 0.24 fish per night) for the three years of 

my study indicate a relatively low population compared to historic abundance. Carlson et 
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al. (2001) report CPUE of lake sturgeon in the St. Lawrence River, Lake St. Francis (1.5 

fish per gill net night) and the Grasse River (0.2 to 0.5 fish per gill net night), New York 

to indicate moderate and low relative abundances, respectively. Thomas and Haas (1999) 

captured 84 lake sturgeon in 67 sets (CPUE = 1.25 fish per night) using methods of 

setline capture nearly identical to the methods used in my study. However, their setlining 

efforts were concentrated on a known, spawning congregation in the St. Clair River. 

Congregations of spawning fish were not conclusively identified in the lower Niagara 

River, so sampling efforts were less likely to be influenced by dense, spawning 

concentrations offish. Gill netting CPUE rates (0.008 to 0.015 fish per net hour) for lake 

sturgeon in the lower Niagara River are notably less than CPUE rates (0.022 to 0.052 fish 

per panel hour) for lake sturgeon captured from the Groundhog River in northeast 

Ontario, a river where lake sturgeon abundance is thought to be extremely low (Seyler 

1997). 

Anecdotal accounts from the 1940s seem to indicate that the lower Niagara River 

lake sturgeon population was already at a lower level compared to its historical 

abundance. H;owever, th~ population was likely at a higher level than exists today. One 

fisherman's account tells of catching "as many as 36 sturgeon on night lines in a couple, 

three days" (Aug 1992). Even though setlining methods (e.g., 200 hooks per line, refmed 

baiting techniques) used during that time varied greatly from my study methods, I suggest 

that catch rates (CPUE > 1 fish per night) were higher fifty years ago. By the 1950s, 

sturgeon catches in the lower Niagara River had faded out (Aug 1992). Prior to the early 

1990s, there were very few reported catches of lake sturgeon, and sightings were equally 

rare. From the period 1980 to 1994, there were only two confirmed observations by the 
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NYSDEC of lake sturgeon caught in the lower Niagara River (Carlson 1995). However, 

reports of incidental catches of lake sturgeon in the lower Niagara River increased 

dramatically during the 1990s, especially since the creation of the USFWS Lake Sturgeon 

Sighting Program in 1994 (Lowie et al. 2000). In both 1998 and 1999, over 20 lake 

sturgeon, primarily 91 em or less, were caught incidentally by anglers in less than a two

month period of the fishing season (Lowie et al. 2000). It is difficult to determine 

whether this increase in reported catches was attributed more to increased angler 

awareness in the Sighting Program or a resurgence in the lake sturgeon population. It is 

interesting to note that the size structure of angler-caught fish from 1998 to 1999 is 

consistent with the fish captured in my study, with the majority offish caught measuring 

less than 100 em. These fmdings may provide evidence of improved recruitment in the 

river over the last 5 to 1 0 years. 

Sampling gear efficiency and selectivity 

Although the use of SCUBA diving to capture lake sturgeon was limited in my 

study, it proved to be the t:nost efficient method in terms of CPUE. Catch rates were ten 

times higher for diving (CPUE = 2.5 fish per night), compared to gill nets and setlines 

(CPUE = 0.24 fish per night). However, SCUBA diving was a much more challenging 

technique and required a greater amount of planning and effort to implement. First, 

diving had to be conducted at night. Therefore, it was difficult to coordinate and plan 

more than a few dives within the constraints of normal working hours. Additionally, only 

teams of certified divers, with experience and familiarity with navigating the strong 

currents of the river at night, were authorized to dive. Another limiting factor was the 
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divers' inability to capture and handle lake sturgeon over 1000 mm. However, diving 

was an effective method for targeting smaller ( < 400 mm TL ), juvenile lake sturgeon. In 

contrast, gill nets and setlines targeted larger lake sturgeon (TL > 700 mm). Overall, 

traditional gears such as gill nets and setlines yielded lower CPUE, but they required less 

physical effort and had fewer logistical constraints than diver capture. Based on my 

experience in this study, I recommend that one choose a sampling method for lake 

sturgeon capture that is best suited to environmental conditions and one's goals (e.g., 

targeted fish size) and resource limitations. 

Despite an increase in sampling effort each season from 1998 to 2000, the overall 

CPUE did not change greatly. In general, the effectiveness and catch rates among gear 

types varied seasonally from March through October. No lake sturgeon were captured in 

12 sampling nights in March of 2000 (Appendix A, Table 1A). I suspect that sturgeon 

movement was minimal during the early part of the season due to cold water 

temperatures ( 4 to 5 °C). During April and May of 1999 and 2000, 25 em gill nets were 

fished primarily. The larger nets captured fish(> 1200 mm TL} suspected to be adults. 

By the end of May, an inc~ease in drifting algae and submergent vegetation made gill 

netting less effective, and setlines were used more frequently for the duration of the field 

season. 

The most successful sampling locations, particularly for adults, in both the 

Queenston Drift and Peggy's Eddy (Figure 1.2) were the downstream, "edge" areas 

where the slow, swirling currents of the eddies met the fast currents of the river. I believe 

that the fish were probably feeding in these areas, due to greater abundance of drifting 
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food items at the downstream ends of the eddies. In addition, fish might have been 

utilizing these areas for resting as they traveled upstream in the river. 

The efficiency of the baited setlines depended greatly upon matching the bait to 

the natural food sources available to the sturgeon in the river. Although several different 

types of baits were used, alewives and smelt were the most reliable baits throughout the 

season. Prompted by the advice of local recreational anglers who reported catching lake 

sturgeon as by-catch, I began baiting the setlines with salmon eggs in the fall of 1999. 

This baiting technique produced the highest, seasonal CPUE rates for setlines for the 

entire study (Appendix A, Table 1A). I believe that the lake sturgeon were keying in on 

the salmon eggs as chinook salmon from Lake Ontario were making their seasonal runs 

up the river. 

Length, weight, and age data 

Only two lake sturgeon less than 700 mm TL were captured. I believe the lack of 

fish less than 700 mm reflects more the selectivity of the sampling gear rather than the 

absence of smaller size classes in the river. Divers indicated that they had seen a fairly 

even distribution of size classes < 700 mm in the river. The length frequency distribution 

(Figure 2.1) shows that lake sturgeon in the 800 to 999 mm (31 to 39 inch) size range 

were most nwnerous in the catch. Lake sturgeon of these sizes were also most common 

in the 1998 to 1999 reports of angler-caught sturgeon in the river (Lowie et al. 2000). 

These data seem to indicate that lake sturgeon of this size range are most abundant in the 

river. The largest lake sturgeon captured measured 1573 mm TL (62 inches) and 

weighed 35.9 kg (79lbs.). The 25 em stretch mesh nets might have been too small to 

target lake sturgeon greater than 1600 mm, or there might have been few lake sturgeon, if 
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any, of this size in the river. However, both anglers and divers have reported sightings of 

lake sturgeon over 5 to 6 feet (152 to 183 em). 

The length-weight relationship (Figure 2.2) indicates that the population of lake 

sturgeon in the lower Niagara River is demonstrating excellent growth, with weight gain 

increasing rapidly for fish over 100 em TL. Lake sturgeon in the lower Niagara River 

appear to grow longer and heavier than lake sturgeon of the same age from the Lake 

Huron basin (Hill and McClain 1999; Lowie et al. 2000). I did not study the diets of the 

lake sturgeon captured in this study, nor did I assess the abundance and availability of 

food resources. However, I suspect food is not a limiting factor in the river. Seasonal 

die-offs of smelt and alewives from Lakes Erie and Ontario, as well as an abundance of 

salmon eggs in the fall, provide ample opportunity for sturgeon to feed and build up fat 

reserves. 

Overall, the rate of increase in length for the Niagara River lake sturgeon slows 

after the first 10 years; however, weight continues to grow exponentially for fish over 

100 em (Figures 2.2 and 2.5). Similarly, Priegel and Wirth (1977) found lake sturgeon in 

Lake Winnebago, Wisconsin grew to 40 inches (101.6 em) in 8 years, but then only grew 

another 10 inches (25.4 em) to 50 inches (127 em) by 15 years. Threader and Brousseau 

(1986) also reported a noticeable decline in growth rate, with respect to length, at 

approximately 8 or 9 years of age for lake sturgeon in the Moose River, Ontario. This 

growth pattern appears to be typical for lake sturgeon, probably because they become 

sexually mature after 10 years (Harkness and Dymond 1961). The sturgeon's general 

metabolism is changing and more energy (mass) is needed for gonad development 

(Classen 1944). 
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. Age interpretation of the lake sturgeon captured in this study revealed that the 

majority of fish were less than 10 years old (Figure 2.4). There was a large number (n = 

18) of five year-old fish in the catch. These data seem to indicate that there was a 

relatively high abundance of juvenile lake sturgeon in the river. Since the age of :first 

spawning varies so greatly for lake sturgeon, it is difficult to assess how many, if any, of 

the fish less than 10 years old were sexually mature. Attempts were made to determine, 

externally, the sex and maturity of several fish. However, internal examination was only 

performed on larger fish (TL > 1000 mm) suspected to be adults, and no fish were 

accurately sexed via this method. I was able to determine that three fish (#96, #275, and 

#365), all measuring over 1200 mm, were sexually mature males by observing the release 

of milt during processing. The ages of two of these fish were estimated at 13 years, and 

the other fish was estimated at 17 years. 

Pectoral fin rays have been used for lake sturgeon age interpretation for over 50 

years (Classen 1944; Cuerrier 1951; Harkness and Dymond 1961; Wilson 1987; Rossiter 

et al. 1995; Rusak and Mosindy 1997; Johnson et al. 1998; LeBreton et al. 1999; 

LeBreton and Seamish 20qO). Despite its widespread use and the refinement of several 

aging techniques, examination of pectoral fm rays remains greatly dependent on 

individual interpretation of annuli. In this study, four individuals with varying 

backgrounds and levels of experience interpreted the pectoral fin samples. Despite some 

discrepancy between interpreters, we agreed that only three fish were 20 years old or 

older. The age structure of the sampled fish from the lower Niagara River is relatively 

young when one considers that lake sturgeon live to ages of 50 to 100 years. Compared 

to other populations of lake sturgeon in the Great Lakes, the Niagara River fish are 
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notably younger for their size (Auer 1999; L. Mohr, Ontario Ministry ofNatural 

Resources; and G. Komely, Wisconsin Department of Natural Resources, pers. comm.). 

One possible explanation for this is that we might have been interpreting only thick, post 

spawn annuli and missing very tight annuli laid down in years prior to spawning 

(Roussow 1957; Rossiter et al. 1995; L. Mohr, Ontario Ministry of Natural Resources, 

pers. comm. ). This type of misinterpretation would cause us to underestimate the actual 

age of fish. However, if our aging techniques are sound, the presence of abundant food 

resources might explain how fish are able to reach such large sizes at younger ages. As 

mentioned above, the Niagara River is a highly productive system that possesses great 

seasonal influxes of food (e.g., salmon eggs, dead smelt and alewives) that create an 

environment favorable for lake sturgeon growth. 

Growth deformities 

A potentially alarming six percent ( 4 out of 63) of the lake sturgeon captured were 

deformed. Three out of the four fish had spinal curvature (Figure 2. 7), while one fish had 

a severely deformed head .. The cause of the deformities is not known. A study 

examining the possible causes, including heavy metals or persistent organic pollutants, 

has been initiated by the NYSDEC (Carlson et al. 2001). 

Juvenile and adult classification 

I classified ultrasonically tagged lake sturgeon as juveniles or adults based on my 

age estimates and cluster analysis. Unfortunately, sexual maturity for most tagged fish 

could not be determined. Consequently, sexual maturity was assumed for the 
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comparative study of movements and habitat use between groups of juveniles and adults. 

I believe groups of juveniles (average age of 6 years) and adults (average age of 17 years) 

differed enough from one another to justify the assumptions about sexual maturity I 

made. In additio~ lake sturgeon in other populations often do not mature until ages over 

12 years (Cuerrier 1951; Harkness and Dymond 1961; Priegel and Wirth 1977). The 

oldest fish I classified as a juvenile was 9 years old (fish #87, Figure 2.6; Appendix A, 

Table 3A). 

Management recommendations 

It is evident, from both CPUE data and anecdotal accounts, that lake sturgeon 

abundance in the river remains low compared to historical abundance. However, the 

presence of juvenile year classes, including age 1 fish, provides evidence that successful 

spawning and recruitment is occurring in the river. In addition, age and growth data 

indicate that the lower Niagara River population compares favorably with growth rates 

(length and weight at age) of other populations of lake sturgeon throughout the Great 

Lakes. 

Based on the results of my study and the low recruitment potential of lake 

sturgeon, I recommend that the lake sturgeon in the lower Niagara River remain listed as 

"threatened" by the NYSDEC and that the commercial and recreational fisheries remain 

closed. In addition, I recommend further studies investigating year class abundances 

(especially ages 1 to 4) and the causes of growth deformities. Finally, while I recognize 

the inherent logistical constraints, attempts should be made to effectively sample 
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upstream of the hydropower facilities, as significant numbers of fish might be utilizing 

these areas. 

Tables and Figures 

Table 2.1. Summary of catch per unit effort (CPUE) of lake sturgeon for all sampling 
methods (gill nets, setlines, and divers) in the lower Niagara River, 1998 to 2000. 
Year Method Total Total Number CPUE CPUE 

nights hours sturgeon (fish/night) (fishlhr) 
caught 

1998 Gill nets 13 195.9 3 0.23 0.015 
Setlines 6 157.3 0 0 0 
Divers 2 4 4 2 1 
Total 21 357.2 7 0.33 0.019 

1999 Gill nets 62 1243.8 10 0.16 0.008 
Setlines 33 570.95 10 0.30 0.018 
Divers 2 3 6 3 2 
Total 97 1817.75 26 0.27 0.014 

2000 Gill nets 47 1099.5 17 0.36 0.015 
Setlines 76 1731.5 17 0.22 0.01 
Divers 0 0 0 0 0 
Total 123 2831 34 0.28 0.012 

1998-2000 Gill nets 122 2539.2 30 0.25 0.012 
Setlines 115 2459.75 27 0.23 0.011 
Divers 4 7 10 2.5 1.43 
Total 241 5005.95 67 0.28 0.013 
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Table 2.2. Summary ofbiological data (total length, fork length, girth, and weight) 
collected from lake sturgeon, for which all measurements were taken (n = 62), among the 
different gear types in the lower Niagara River, 1998 to 2000. 

Number ofFish 
Mean Total Length (mm) 
(SD) 
Range(mm) 
Mean Fork Length (mm) 
(SD) 
Range (mm) 
Mean Girth (mm) 
(SD) 
Range(mm) 
Mean Weight (kg) 
(SD) 
Range (kg) 

Gill Net 
27 
1097 
(265) 
705-1573 
993 
(254) 
639-1450 
491 
(148) 
265-807 
12.2 
(10.2) 
1.6-35.9 

Gear Type 
Setline Diver 
26 9 
997 790 
(155) (206) 
773 - 1436 311 - 1021 
895 699 
(156) (183) 
690- 1333 272- 899 
420 316 
(88) (82) 
294-710 122-414 
7.3 3.25 
(5.5) (1.8) 
2.4-28.2 0.15-6.3 

All Gears 
62 
1011 
(236) 
311- 1573 
909 
(227) 
272- 1450 
436 
(130) 
122-807 
8.9 
(8.2) 
0.15-35.9 

Table 2.3. Age comparison between ultrasonically tagged juvenile and adult lake 
sturgeon in the lower Niagara River, 1998 to 2000. 

Tagged Juveniles 
Tagged Adults 
All Fish Captured 

N Mean Age (SD) 
(years) 

12 
12 
61 

6 
17 
9 

32 

(2) 
(3) 
(5) 

Range 
(years) 
3 to 9 
12 to 23 
1 to 23 



.c 10 
~ •• 
~ -Q - 8 
QJ 

~ s 
= 6 z 

I,;J 
w 

4 

Size Class (total length in mm) 

Figure 2.1. Length distribution of lake sturgeon captured in the lower Niagara River, 1998 to 2000. 
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Figure 2.2. Relationship of weight and total length of lake sturgeon captured in the lower Niagara River, 1998 to 2000. 
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Figure 2.3. Relationship of girth and total length of lake sturgeon captured in the lower Niagara River, 1998 to 2000. 
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Figure 2.4. Age distribution of lake sturgeon caught in the lower Niagara River (n = 61), 1998 to 2000. 
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Figure 2.5. Relationship of age and total length of lake sturgeon captured in the lower Niagara River, 1998 to 2000. 
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Figure 2.7. Lake sturgeon with spinal curvature captured from the lower Niagara River 
in 2000. 
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Introduction 

To effectively protect, enhance, or restore the lake sturgeon population in the 

lower Niagara River, potential spawning, nursery, and feeding areas must be identified. 

Once identified, it is important to determine how lake sturgeon are utilizing these habitats 

on a seasonal and daily basis. Knowledge of the seasonal movements and habitats of 

adult and juvenile lake sturgeon is critical for making management decisions in the lower 

Niagara River and the rest ofNew York State. For example, the Niagara River 

population might provide another source of broodstock for restoration efforts in New 

York and adjacent waters (Lowie et al. 2000) .. In addition, measuring the physical 

variables (e.g., substrate, water velocity, depth) in habitats highly used by lake sturgeon 

will allow fishery managers to make sound decisions in their efforts to protect and 

enhance natural habitats (e.g., spawning shoals). 

I acquired information regarding the lake sturgeon's seasonal movements and 

habitat use by using ultrasonic biotelemetry (for a description of the principles of 

underwater sound and biotelemetry, see Appendix B). Ultrasonic biotelemetry has been 

used in several other sturgeon studies (Hay-Chmielewski 1987; Hall et al. 1991; 

O'Herron II et al. 1993; Bramblett 1996; Kieffer and Kynard 1996; Collins et al. 2000; 

Fox et al. 2000). By tracking juvenile and adult sturgeon throughout the year, I was able 

to assess general patterns in seasonal movement and document areas in the river most 

often occupied by the ultrasonically tagged sturgeon. 
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Movements 

Lake sturgeon movements can be highly variable and seasonal. Hay

Chmielewski (1987) found adult lake sturgeon in Black Lake, Michigan to exhibit a wide 

variety of daily movements (18 to 6,877 m per day) in the summer, strongly correlated 

with preferred depths (8 to 12m) and abundant food resources. Lake sturgeon seldom 

move during the winter, choosing to associate with optimum food and temperature 

regimes for the over-wintering months (Hay-Chmielewski 1987; Mosindy and Rusak 

1991 ). Main lake populations of adult lake sturgeon have been observed migrating into 

river tributary systems exclusively during the spawning season (Priegel and Wirth 1977; 

Baker 1980; Mosindy and Rusak 1991 ). Adult lake sturgeon often wander or migrate 

considerable distances, sometimes as far as 130 to 200 km (Harkness and Dymond 1961; 

Scott and Crossman 1973; Priegel and Wirth 1977). Less movement has been observed 

for juvenile fish and adult fish outside the spawning season, with fish remaining in areas 

of preferred habitat for several days or even months (Harkness and Dymond 1961 ). 

Less is known regarding diel movement patterns of lake sturgeon. Based on gill 

net catches, Chiasson et ~1. ( 1997) suggested that juvenile lake sturgeon are more active 

at night, corresponding to increased activity of benthic invertebrate prey. Increased 

crepuscular and nocturnal behavior have been observed for both adult and juvenile lake 

sturgeon in the Mattagami River, Ontario, Canada (McKinley et al. 1991 ). 

Evaluating the movements of juvenile and adult lake sturgeon in the lower 

Niagara River allowed me to assess any similarities or differences in their daily or 

seasonal movement patterns in the lower Niagara River system and Lake Ontario. Before 

my study, I suspected that (1) adult, sexually mature (typically >120 em) lake sturgeon 
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would be from a Lake Ontario (main lake) population and utilize the Niagara River 

tributary seasonally for spawning and (2) juvenile (typically <120 em) lake sturgeon 

would occupy the river system as a nursery area until they reach sexual maturity. 

Habitat use 

The lake sturgeon requires several different habitats during its life cycle for the 

development of eggs and larvae, growth of juveniles, feeding and wintering of adults, and 

spawning of adults (Auer 1996). Preferred foods, flow, depth, substrate size and 

predation risk are all factors that may determine the presence or absence of adult or 

juvenile lake sturgeon (Harkness and Dymond 1961; Hay-Chmielewski 1987; Auer 

1996). Chiasson et al. (1997), in their studies on the Mattagami and Groundhog Rivers in 

northern Ontario, observed that the largest concentrations of juvenile lake sturgeon were 

near substrate dominated by sand and clay. Adult lake sturgeon typically spawn in fast 

flowing, main-channel environments with high oxygen and gravel substrates (MacNeill 

and Busch 1994; Auer 1996). 

Monitoring ultrasqnically tagged fish allowed me to determine whether juvenile 

and adult fish were occupying similar or different habitats. In addition, evaluation of 

each life stage's highly used habitats allowed me to further explore the possibility that 

two groups offish, river-resident juveniles and migratory adults, inhabited the river. 
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Methods 

Study design 

Lake sturgeon movements were monitored from the fall of 1998 through the 

summer of 2000. Fish were tracked in the lower Niagara River and its confluence with 

Lake Ontario within an approximate 5 km radius from the mouth (Figure 1.2). If a fish 

moved outside of this range, it was considered a "main lake migrant" and was only 

monitored again if it returned to the tracking area. Juvenile and adult movements were 

examined to identify any patterns or trends in seasonal movement. 

Habitat was assessed at all locations frequented by lake sturgeon and at random 

sites in the river and main lake. Habitat information collected and literature on juvenile 

and adult fish (Hay-Chmielewski 1987; Auer 1996; Chiasson et al. 1997; Morse et al. 

1997; Threader et al. 1998) were used to identify and categorize potential spawning, 

feeding, and nursery habitats in the river. Habitat utilization of these areas was compared 

between juvenile and adult lake sturgeon. 

Ultrasonic tracking 

Eleven study fish each received a Sonotronics® model CT-82-3 (65 mm X 18 mm, 

8 grams) ultrasonic tag (48 month battery) transmitting a unique three-digit code at 74-

7 6 kHz with a range of approximately 1000 m. Thirteen study fish each received a 

Sonotronics®model CHP-87-L (90 mm X 18 mm, 12 grams) ultrasonic tag (18 month 

battery) transmitting at 72-76kHz with a range of approximately 3000 m. Ultrasonic 

tags were applied to fish externally through the base of the dorsal fm, when enough tissue 

was available, or otherwise through the bony scutes on the dorsal surface of the fish 
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(Figures 3.1 and 3.2). Plastic-coated wire harnesses and fitted PVC plates were used to 

attach the ultrasonic tags according to the methods of Haynes et al. (1978). A 

Sonotronics® ultrasonic receiver (model USR-SW) and a directional hydrophone were 

used to locate tagged fish. Tracking was conducted by boat. Once a fish was located 

(fixed), its exact location was documented by GPS (Global Positioning System) 

coordinates, depth, and mapped physical features in the area Exact locations (fixes) 

were determined by pinpointing the direction from which an ultrasonic signal was 

coming and then moving past the signal until it was being received from the opposite 

direction. When the receiving hydrophone was positioned directly over the transmitting 

fish, the signal was heard as an "echo" emanating from all directions. 

Once a fish received an ultrasonic tag, attempts were made to track the fish daily 

for the first week and then one to three days per week thereafter. Due to logistical 

constraints (e.g., high winds, limited personnel), this tracking schedule could not be 

maintained for the majority of the ultrasonically tagged fish (Table 3.1; Appendix A, 

Table 4A). Tracking was performed less frequently during the winter months. 

Tag retention varied among fish. Therefore, I often had to evaluate whether a 

non-moving fish was an "active" fish or had lost its tag. If I determined that a tag was no 

longer attached to a fish, I considered the last day in which the fish had moved from a 

previous location to be the last day in which the fish was active in the study. The period 

of days in which a fish was active and tracked (track duration) and tag retention were 

calculated accordingly. Tag retention was averaged and compared between the different 

mount types (dorsal and scute) and tag models (CT-82-3 and CHP-87-L). In addition, 

dry (in air) weights ofthe tag and associated mounting hardware were calculated as a 
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percent of each fish's total dry weight. I used the calculated values for each fish to 

evaluate the "2% Rule" (Winter 1983; Brown et al. 1999). The "2% Rule" states that a 

transmitter should weigh no more than 2% of the body weight of a fish in air or 1.25% of 

the body weight in water to avoid effects on fish behavior or survival (Winter 1983). I 

considered whether the tag size or attachment sites might have had effects on fish 

movements or swimming performance. 

In August and September 1998, 24-hour tracking was conducted to determine 

whether or not diel movement patterns existed for six juvenile lake sturgeon. Since 

multiple attempts to fmd the fish occurred during 24-hour tracking, I separated the 24-

hour tracking from the seasonal analysis. For seasonal analysis, one ftx was chosen 

randomly for eaeh fish on 24-hour tracking days to represent the fish's location for that 

day. 

Habitats and movements 

From May through August 1999, surface and near-bottom water temperature COC), 

dissolved oxygen (mg/L), depth (m), water clarity (m), pH, and conductivity 

(micromhos/cm) were documented at as many fish locations as possible (I was sometimes 

limited by time or inclement weather) and at randomly selected sites in the river and the 

main lake. Physical and chemical water parameters (dissolved oxygen, temperature, pH, 

and conductivity) were collected with a Hydrolab® Scout 2 automated meter. A Secchi 

disk was used to measure water clarity. From 1998 through 2000, depth and surface 

water temperatures were routinely measured. Depth (m) was recorded by using the depth 

sounders equipped on all research vessels. Water temperature (°C) was measured at the 
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surface using a hand-held thermometer. Physical and chemical water parameters were 

compared (a = 0.05) between the surface and bottom and the river and lake by 

performing Two Sample t-Tests assuming/unequal variances using Microsoft® Excel 

Version 97. 

From May through September 1999, water velocity (m/s) measurements at several 

fish locations were recorded by a Marsh-McBirney® flow meter deployed on a weighted 

cable. Five separate measurements were taken 1.0 m below the surface and 1.0 m above 

the bottom, and the water velocity was recorded as the average of the five measurements. 

Unfortunately, I could only use the flow meter periodically throughout the 1999 season 

due to its use on other projects. However, water velocity measurements were taken for 

both adults (n = 5) and juveniles (n = 5) (Appendix A, Table 5A). In addition, water 

velocity was measured in 1999 at locations where five juveniles (fish #239, #248, #266, 

#338, and #356) were found in 1998. Mean surface velocities, bottom velocities, and 

depths were compared (a = 0.05) between adults and juveniles by performing Two 

· Sample t-Tests assuming unequal variances using Microsoft® Excel Version 97. In 

addition, mean velocities were compared between the surface and bottom of the river. 

In 2000, a Sea View® underwater video camera (Model BW-150, infrared

enhanced black and white) was used to assess bottom substrate and vegetation. I 

surveyed sections of the river where lake sturgeon congregated (high-use areas) and 

sections where few, if any, lake sturgeon were located (low-use areas). The camera 

footage was recorded on VHS videotape while the boat drifted (at the speed of the river 

current) over the survey sections. I qualitatively assessed the percent substrate 

composition by viewing the footage from each section. I approximated the percent 
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composition for the different substrate types (sand, mussels [ Dreissena sp. ], bedrock, 

gravel, cobble, boulder, and vegetation) based on video running time. The percent 

composition for each substrate type was estimated as the relative proportion of video 

running time in which a substrate was the dominant type compared to the total running 

time for a section. Mean percent substrate composition for each substrate type were 

compared (a= 0.05) between high-use and low-use areas for all sturgeon and between 

juvenile and adult high-use areas by performing Two Sample t-Tests assuming unequal 

variances using Microsoft® Excel Version 97. 

Global Positioning Systems (GPS) were used to record the latitude and longitude 

of fish locations, high-use areas, and low-use areas. The habitat and movement data were 

incorporated into a Geographic Information System (GIS) database in Arc View® Version 

3.2A. I mapped locations for each individual fish and groups offish (Appendix A, Table 

lOA and Appendix C, Figures 1C-30C). In addition, I constructed line graphs that 

illustrated the movements of the ultrasonically tagged lake sturgeon in the river and its 

confluence with Lake Ontario (Appendix D, Figures 1D-24D). Although my line graphs 

were conceived'independently, I acknowledge Bramblett (1996) who used similar graphs 

to show fish movements. High-use and low-use areas in the river and its confluence 

with Lake Ontario were also identified from analyzing the maps (e.g., Figure 3.3). In 

addition, anecdotal accounts from anglers and divers were considered when assessing 

high-use and low-use areas. 

I assessed lake sturgeon macro habitat use by calculating the percentage of time a 

study fish was located in each of three macrohabitat types (lake, main river, and eddy). A 

fish was considered to be in the lake if it was located beyond the river's mouth (river km 
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[rlon] = 0), even if the fish remained within the influence of the river (Figure 1.2). A fish 

was considered to be in an eddy when it was located where river currents were minimal 

or flowing in an opposite direction to the main current; otherwise the fish was considered 

to be in the main river. A chi-square (X2) goodness of fit test (Zar 1999) was used to test 

for any difference (a = 0.05) in macro habitat use between adults and juveniles. 

I assessed the relative size of a fish's home range by calculating three variables: 

total kilometers traveled (total km), average river kilometer position (average rlan), and 

average kilometers moved per track (average km/track). Total km was calculated as the 

sum of all distances that a fish moved between tracked locations. Total km is a 

conservative estimate of the total movement a fish made during the study. Average rkm 

was calculated as the average of all the locations (denoted as river kilometers) where a 

fish was found. Average rkm represents the relative distance (upstream or in the lake) a 

fish ranged from the river's mouth (rkm = 0). Generally speaking, a negative value for 

average rkm indicated that a fish was found more often in the lake, whereas a positive 

value for average rkm indicated that a fish was found more often in the river. Average 

kmltrack was calculated as -the total km divided by the total number of fixes. This value 

represents the average distance a fish moved between each time it was located. Mean 

values for average rkm and average km/track were compared (a = 0.05) between adults 

and juveniles by performing Two Sample t-Tests assuming unequal variances using 

Microsoft® Excel Version 97. 

During 1999 and 2000, I was able to track four lake sturgeon (3 adults and 1 

juvenile) to assess fish movements before, during, and after the over-wintering months 

(December through March; water temperatures < 10 °C). Additionally, in the spring of 
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both 1999 and 2000, I followed the movements of several adult lake sturgeon to 

determine whether any congregations of fish existed in the river or lake during times 

when water temperatures were within the range of potential spawning temperatures ( 11 to 

18 °C). The movements and habitat use of two adults (fish #455 and #275) were 

compared between successive spring seasons (1999 and 2000). 

Attempts were made to collect lake sturgeon eggs using artificial egg trays during 

the spring of2000 at locations of suspected spawning activity. The trays measured 1m2 

and were constructed of nested, angle iron frames filled with latex-coated animal hair 

(McCabe and Tracy 1993). The egg trays were used experimentally, and the effort was 

not quantified. 

Results 

Habitats 

The water quality assessment conducted in 1999 revealed that the water column 

of the lower Niagara River and its confluence with Lake Ontario was homogeneous with 

respect to pH, dissolved oxygen, temperature, and conductivity. These water quality 

measurements did not vary significantly from river to lake (t-tests, P = 0.20 to 0.98) or 

from surface to bottom (t-tests, P = 0.61 to 0.99) (Tables 3.2 and 3.3; Appendix A, Table 

6A). In addition, water clarity did not differ significantly (t-test, P = 0.25), with the only 

notable dissimilarity being a measurement that was taken in the lake outside a distinct 

break where the flow of the river's confluence met the main lake (Table 3.2; Appendix A, 

Table 6A). 
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A continuous plot of water surface temperature from spring of 1999 through 

summer of 2000 showed a seasonal increase in water temperature beginning in late April 

(temperatures< 10 °C) and peaking by late July (temperatures,_, 25 °C) (Figure 3.4; 

Appendix A, Table 7A). Water temperatures were within the range probable for 

spawning (11 to 18 °C) during mid-May to mid-June in both 1999 and 2000 (Figure 3.4). 

Temperatures were about 5 to 6 °C during the winter. 

Adult lake sturgeon (mean depth= 11.8 m, SD = 2.6 m) were found at similar (t

test, P = 0.37) depths as juvenile lake sturgeon (mean depth= 10.8 m, SD = 2.5 m) (Table 

3.4). With one exception (fish #449, 45.7 m), lake sturgeon occupied depths ranging 

from 5.0 to 30.5 m with a mean depth of 11.4 m (Table 3.4, Figure 3.5). The majority 

(55%) of lake sturgeon located were found at depths of7 to 11m (Figure 3.6). The fish 

exhibited no obvious seasonal differences in depth distribution (Figures 3.5 and 3.7). 

Lake sturgeon were generally located between 7 and 12m deep throughout the 

-24-h tracking periods (Figure 3.8). The greatest range in depth was observed around 

1800 hours, when fish were located in shallow(< 3m) and deep(> 18m) water. More 

specifically, the lake sturgeon ~ocated at the shallowest depth (fish #248) occupied depths 

of 8 to 10 m four hours before and after being located at just 2.3 m. 

The river's average surface velocity (0.37 m/s, SD = 0.26 m/s) was similar to (t

test, P = 0.23) its average bottom velocity (0.28 m/s, SD = 0.16 m/s) for all fish locations 

(Table 3.5; Appendix A, Table SA). The difference between surface and bottom velocity 

was even more similar in eddy and lake environments not influenced by the main currents 

of the river (Appendix A, Table 5A). Average surface velocity (0.35 m/s for juveniles, 

0.42 m/s for adults; t-test, P = 0.60) and average bottom velocity (0.25 m/s for juveniles, 
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0.32 m/s for adults; t-test, P = 0.43) did not differ significantly between locations where 

juvenile and adult lake sturgeon were found (Table 3.5). Since the average velocity 

measurements did not differ by more than 0.02 m/s between the locations where juveniles 

were found in 1998 and 1999, the two years were combined to compare with the 1999 

adults (Appendix A, Table 5A). 

Video camera surveys revealed that substrate types differed considerably between 

high-use and low-use areas (Table 3.6; Appendix A, Table 8A). Most significantly (t

tests, P = 0.03), the percent substrate composition of sand ( 45%) and mussels (21 %) in 

high-use areas was inversely proportional to the percent substrate composition of sand 

(20%) and mussels (44%) in low-use areas (Table 3.6, Figure 3.9). In addition, the 

percent substrate composition of gravel (4%) in low-use areas was significantly (t-test, P 

= 0.03) different from the percent substrate composition of gravel (13%) in high-use 

areas (Table 3.6, Figure 3.9). The substrate used by adults did not differ significantly (t

tests, P = 0.10 to 0.95) from the substrate used by juveniles, with sand (49%) observed as 

the dominant substrate for both groups offish (Table 3.6, Figure 3.10). Sand composed 

63% of the substrate in areas.shared by juveniles and adults (Table 3.6, Figure 3.11). 

Transmitter attachment 

From 1998 through 2000, a total of 24 lake sturgeon received ultrasonic 

transmitters. Eighteen lake sturgeon received dorsally mounted transmitters with a 

maximum tag retention of at least 443 days, while seven lake sturgeon received scute

mounted transmitters with a maximum tag retention of 126 days (Table 3.7; Appendix A, 

Table 9A). One dorsally mounted transmitter was removed and re-attached to fish #356, 
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a recaptured lake sturgeon, because the transmitter was almost tom off during gill netting 

(Appendix A, Table 9A). The dry weights of the transmitters and the mounting hardware 

weighed less than 2% of the fish's dry weight for nearly all lake sturgeon, with the only 

exception being fish #239 (2.06%) (Appendix A, Table 9A). 

Movements 

Individual lake sturgeon were located an average 15 times during an average 

tracking period (track duration) of 147 days with little overall difference in average 

tracking effort between juveniles ( 15 fixes, 15 3 days) and adults ( 16 fixes, 140 days) 

(Table 3.8). Total distances moved ranged from a low of 1.05 km in 43 d for juveniles 

and 5.8 km in 225 d for adults to a high of34.1 km in 374 d for juveniles and 124.65 km 

in 443 d for adults {Table 3.8). 

In general, fish were widely distributed in the river and its confluence with Lake 

Ontario (Figure 3.3; Appendix A, Table lOA and Appendix C, Figures 1C-30C). For all 

lake sturgeon, habitat use was similar between the lake, main river and eddy 

"macrohabitats" with the percent of fish located in each macrohabitat calculated at 33%, 

36%, and 31%, respectively (Table 3.8). However, there was a significant (X2 test, P < 

0.001) difference between how often an average juvenile was located in eddies (51%) 

compared to an average adult (10%). More specifically, six out of the twelve juvenile 

lake sturgeon were located in an eddy over 50% of the time, with four fish found in an 

eddy 100% of the time (Table 3.8). In contrast, no adult lake sturgeon were located more 

than 25% of the time in an eddy. Adult lake sturgeon were found more often in the lake 

( 41%) and main river ( 49% ). 
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The relative home range, as defmed by the variables average rkm and average 

km/track, differed between juvenile and adult lake sturgeon. Although juveniles (average 

rkm = 4.1) appeared to be farther up-river than adults (average rkm = 2.1 ), the difference 

was not significant (t-test, P = 0.2, Table 3.8). Overall, the average number of kilometers 

a fish moved between fixes was significantly greater (t-test, P < 0.001) for adults (2.41 

km/track) than juveniles (0.81 km/track) (Table 3.8). In particular, four juveniles (fish 

#248, #239, #374, and #2228) exhibited very little movement. They remained in the river 

eddies they were captured in (Peggy's Eddy at rkm 8 to 10 and Queenston Drift at rkm 

4.75 to 6) for the duration of their tracking periods (Table 3.8; Appendix A, Table lOA 

and Appendix D, Figures 5D, 6D, 13D, and 15D). A few adult fish (#455, #275, and 

#449) exhibited multiple upstream and downstream movements, often traveling large 

distances(> 5 rlan) between tracked locations (Appendix A, Table 1 OA and Appendix D, 

Figures 9D, lOD, and 21D). 

The maps for all locations (n = 366) of juvenile and adult lake sturgeon in the 

lower Niagara River and its confluence with Lake Ontario show that distinct 

concentrations offish existeq at several different regions within the study area (Figure 

3.3; Appendix C, Figures 1C--6C). Most notably, both juveniles and adults were captured 

and repeatedly tracked in the vicinity of the Queenston Drift and Peggy's Eddy (Figure 

3.3). Within these two sections, juveniles were most often located on the inside of eddies 

where river currents were slower, while adults were found more typically on the outside 

of eddies near the main river currents. Other concentrations of adult lake sturgeon in the 

river included: (1) the east side of the river across from the Queenston Drift (rkm 8 to 

54 



10), a section referred to as the ''Red Cliffs" region in this study, and (2) the river mouth 

near the U.S. Coast Guard station (rlan 0) (Figure 3.3). 

At the Niagara River's confluence with Lake Ontario, lake sturgeon were located 

in a pattern that seemed to defme the location of the ''Niagara Bar" and the flow of the 

river in an eastward direction as it empties into the lake (Figures 1.1 and 3.3). Both 

juvenile and adult lake sturgeon were found in the lake, and their distributions were quite 

similar (Figure 3.3; Appendix C, Figures 1C-6C). 

A plot of the four lake sturgeon (3 adults and 1 juvenile) tracked during the winter 

months shows that, while the fish were active and moving before December, very little 

movement occurred after December when water temperatures were below 10 °C (Figure 

3.12). It was not until late April or early May of the following season, when water 

temperatures rose again to over 10 °C, that the fish became active again. Fish #455 

illustrates this pattern particularly well, as it exhibited multiple large-scale movements (> 

5 rkm) before and after its over-wintering period of very little movement (Appendix D, 

Figure 9D). 

An analysis of the loc;ttions of five adult lake sturgeon during potential spawning 

temperatures (11 to 18 °C) in the spring of 1999 revealed that, initially, fish were widely 

distributed in the river and lake from approximately rkm 10 to -5 (Figure 3.13). 

However, by late May two distinct congregations of lake sturgeon had formed at the 

river's confluence with Lake Ontario from rkm -1.5 to -2.4 and the "Red Cliffs" region 

from rlon 8 to 10. Four out of the five fish were located within 1 km of each other in the 

river's confluence on May 20th (water temperature= 12 °C), including one ripe male (fish 

#96) (Figure 3.13). By the following day, as the water temperature waimed 1 °C , one 

55 



fish (#293}had left the area and moved slightly upstream to the river's mouth (rlon = 0) 

(Figure 3.13). While the water temperature dropped back down to 12 °C over the next 

several days, all of the sturgeon made significant upstream or downstream movements. 

By June 5th (water temperature = 16 °C), three of the five fish, including one ripe male 

(fish #275), were located in the "Red Cliffs" region from rkm 9 to 9.5 (Figure 3.13). Egg 

trays were set overnight at this location at the time the fish were observed, but no lake 

sturgeon eggs were collected. 

In the spring of2000, the distribution of adult lake sturgeon was less defmed. 

However, the locations of seven adult lake sturgeon during potential spawning 

temperatures indicated some congregations of fish. From May 9th to May 11th (water 

temperatures = 11 to 11.5 °C), four fish were found in the "Red Cliffs" region on both the 

east and west sides of the river from rkm 7.5 to 10, but the fish were not located as close 

to one another as in the previous year (Figure 3.14). The water temperature warmed 

gradually, reaching 13 °C by early June. On June 7th (water temperature= 13 °C), a 

congregation offish was located a considerable distance out in the lake from rkm- 4.8 to 

-5.8 (Figure 3.14). -It is interesting to note that the three fish (#458, #455, and #567) in 

the congregation were generally not associated with one another before June 7th, 

separated by much as 15 km. By June 19th (water temperature= 16 to 17 °C), fish #455 

had left the area but a new fish (#558) joined the other two (Figure 3.14). 

In general, fish #275 and fish #455 occupied similar areas during two successive 

spring seasons. They were located most often from the mouth into the lake to about rkm 

-3.5 and from rkm 8 to 10 (Figure 3.15; Appendix A, Table lOA and Appendix D, 

Figures 9D and lOD). Fish movements correlated slightly with seasonal increases in 
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water temperature. As the water temperature increased from 11 to 16 °C, these sturgeon 

exhibited large-scale movements during both 1999 and 2000 (Appendix A, Table 1 OA 

and Appendix D, Figures 9D and 1 OD). However, fish locations and the direction of 

movement varied from year to year (Figure 3.15). 

Discussion 

High-use versus low-use habitats 

The fmdings in this study indicated that water quality was not limiting for lake 

sturgeon in the lower Niagara River. In addition, water depths, surface and bottom water 

velocities, and substrate size in the study area all fell within the lake sturgeon's preferred 

ranges (Morse et al. 1997; Threader et al. 1998) 

The results of the water quality assessment in 1999 revealed that the lower 

Niagara River water column was homogeneous, and the water quality did not vary from 

the upstream end of the study area (Lewiston) downstream to the river's confluence with 

Lake Ontario. Although pH, dissolved oxygen, water clarity, and conductivity were not 

measured during 1998 and 2000, I suspect that these variables were suitable for lake 

sturgeon and homogeneous throughout the river system in all years. Unfortunately, no 

habitat measurements were taken outside the confluence of the river in Lake Ontario. 

Therefore, I could not compare available habitats or document any differences in water 

quality within close proximity ( < 5 km) to the study area. This information might have 

been useful for defming the influence of the Niagara River plume as it entered into Lake 

Ontario and describing, more specifically, how lake sturgeon related to it. 
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Water temperatures in the river were suitable for lake sturgeon throughout the 

year. Water temperature fluctuated seasonally, providing optimal ranges (11 to 18 °C) 

for lake sturgeon spawning during the spring (May and June) of both 1999 and 2000. 

Water depths over 12m were available to the fish throughout the entire study 

area, including a couple of areas (rlan 11.0 and rkm 0) where depths exceeded 25 m. 

Water depths within the river's confluence were generally shallower, rarely exceeding 9 

m until dropping off into the main basin of Lake Ontario - the outside limits of the study 

area. Overall, tracked lake sturgeon generally used depths (7 to 11 m) that one might 

expect, based on previous studies and the fish's life history (Hay-Chmielewski 1987; 

MacNeill and Busch 1994; Rusak and Mosindy 1997). These results are consistent with 

the catch data for gill nets and setlines (see Chapter 2), as most fish were captured in 

depths of approximately 10 m. However, very little sampling effort was conducted in 

depths over 13 to 14 m. 

Overall, depth use did not differ significantly (P = 0.3 7) between adults and 

juveniles. However, the majority of juveniles were located more often in eddies that 

were shallower ( < J 0 m) than _the main river(> 10m) (Table 3.8). If adults were found 

near eddies, they were usually associated with the outside edges with faster bottom water 

velocities (> 0.3 m/s ). Adults might have been occupying areas near eddies with faster 

velocities more suitable for spawning, particularly in late May and early June. 

There was not a significant (P = 0.23) difference between surface and bottom 

water velocities. However, surface water velocities (mean= 0.37 m/s) were generally 

faster than bottom water velocities (mean = 0.28 m/s) in the main river outside of eddies 

(Table 3.5; Appendix A, Table 5A). Since lake sturgeon are bottom-oriented fish, bottom 
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water velocities are more likely to affect their distribution and behaviors. I suggest 

juvenile lake sturgeon preferred slower eddy currents because their swimming 

performances might have been inferior to adults that were likely strong enough to 

negotiate greater water velocities. Seyler ( 1997) observed that adult lake sturgeon. in the 

Groundhog River, Ontario, Canada did not prefer habitats with water velocities 

exceeding 0.6 to 0. 7 m/s. I suggest that maximum water velocities suitable for juvenile 

sturgeon are probably much lower. 

The analysis of substrate composition at the lake sturgeon's high-use and low-use 

habitats in the river demonstrated that sand, more than two times greater in composition 

than any other substrate (49%, Table 3.6), was the most important substrate for both adult 

and juvenile fish. Similarly, Morse et al. (1997), in their studies on the Kettle River, 

Minnesota, found lake sturgeon to strongly prefer sand substrates. Other studies also 

showed sturgeon to be highly associated with sand substrates (Kempinger 1996; Chiasson 

et al. 1997; Quist et al. 1999). Lake sturgeon have to constantly forage for food since 

they are only able to detect food sources at close range (Seyler 1997). Therefore, it 

would seem likely that the fi~h would associate most often with substrates with high 

abundances of prey items. I believe that lake sturgeon were utilizing habitats rich in sand 

for feeding due to a likely abundance of food items, such as benthic invertebrates (e.g., 

Ephemeroptera, Trichoptera). Chiasson et al. (1997), in their studies on northern Ontario 

rivers, found benthic organisms most abundant in substrates dominated by sand and clay. 

Conversely, lake sturgeon used areas with high abundances ofDreissenid mussels 

less frequently. Although lake sturgeon are known to feed on Dreissenid mussels 

(MacNeill and Busch 1994 ), sturgeon were located more often in sandy habitats without 
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Dreissenids. Substrate classified as "mussel" consisted of both live and dead mussels 

(shells). In general, live mussels were associated with faster currents. Mussel shells 

were found in areas of deposition within the eddies. I suggest that the energy a sturgeon 

gains from feeding on live mussels does not exceed the energy lost while negotiating 

faster currents. 

Areas shared by juveniles and adults were likely feeding habitats. In these areas, 

63 percent of the substrate was dominated by sand (Figure 3.11). Hay-Chmielewski 

(1987) found lake sturgeon in Black Lake, Michigan used muck substrates, and that 

crayfish and mayfly larvae comprised the largest biomass component of their gut 

contents. In contrast to lake environments that usually have fme organic and muck 

substrates, the smallest-size substrate I observed in the lower Niagara River was sand. To 

further explore the possibility that lake sturgeon were utilizing sandy habitats for feeding, 

I recommend that studies examining lake sturgeon diets and the availability of prey items 

among the different substrates in the lower Niagara River be conducted. 

Differences in substrate use between adults and juveniles were not significant 

(Table 3.6). However, adults,(mean composition= 12%) appeared to use more gravel 

areas than juveniles (mean composition= 4 %). I believe it is possible that some adults 

were spawning, since gravel is an ideal substrate for lake sturgeon to lay their eggs. 

Tracking effort and retention 

The amount of time spent monitoring juveniles (average effort of 153 days per 

fish) and adults (average effort of 140 days per fish) was equal. Similar effort was 

important to quantify and assess long-term movement patterns and habitat use. The 
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amount oftime that a fish was tracked in this study depended most upon tag retention or 

whether a fish remained in the study area. In general, transmitters mounted below the 

dorsal fm were retained better than scute-mounted transmitters (Table 3.7). The wire 

mounting harnesses might have been more easily tom from fish with scute-mounts. I 

observed missing or tom scutes on sturgeon that were captured in the gill nets, yet I 

rarely saw damaged or missing dorsal fms. In addition, scute-mounted transmitters might 

have become entangled in vegetation or discarded fishing line more often than dorsally 

mounted transmitters. 

Movements 

In general, lake sturgeon utilized all macrohabitat types: lake, main river, and 

eddies (Table 3.8). However, juvenile lake sturgeon were found in eddies (e.g., 

Queenston Drift, Peggy's Eddy) over five times more often than adults. Unfortunately, 

no 24-hour tracking was conducted for adults. Therefore, it was not possible to 

determine whether or not adult fish were utilizing eddies at night. It is important to note 

that adult lake sturgeon were ~aptured in gill nets and setlines that were set in eddies, 

indicating that there was some degree of movement into these areas. Since eddies were 

being occupied extensively by juvenile fish, I think it is appropriate to classify these areas 

as feeding and nursery habitats. 

The potential effect of transmitter size on juvenile lake sturgeon movements and 

swimming performances is another important factor to consider (Brown et al. 1999; 

Counihan and Frost 1999). The sturgeon might have altered their movements or 

behaviors if the transmitters and associated hardware weighed too much or created drag. 
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Counihan and Frost (1999) found that externally attached, dummy ultrasonic transmitters 

reduced the swimming performances of juvenile white sturgeon (31.9 to 37.0 em 

lengths). However, their findings were based upon data collected from fish averaging 

about half the size of the juvenile lake sturgeon tagged in this study. With the exception 

of one fish, tagged juveniles did not violate the "2% Rule" (Winter 1983): However, the 

proportional weights of tags to fish were much higher for juveniles than adults (Appendix 

A, Table 9A). 

Overall, adults exhibited a greater range of movement (home range) than 

juveniles. This difference in movement would be expected if the adult sturgeon were 

migrating to spawning areas (Auer 1996). However, it is not known how many of the 12 

adult fish in this study were spawning adults. Only three ripe males were confmned. In 

addition, adult fish made significant (> 5 km) upstream and downstream movements 

outside of the spawning season. It has been suggested that larger fish require a greater 

food ration and often travel greater distances to forage (Haynes et al. 1978; Hay

Chmielewski 1987). In addition, studies have shown average adult body size is 

positively related to migrati<?n distance and average daily movement (Hay-Chmielewski 

1987; Auer 1996). 

Based on the results of my study, it is clear that there were both river-resident 

adult and river-resident juvenile lake sturgeon in the lower Niagara River. However, it is 

possible that some of the fish in my study were Lake Ontario-resident sturgeon utilizing 

the river transiently. Lyons and Kempinger ( 1992) discovered that large numbers of lake 

sturgeon in the Lake Winnebago system, Wisconsin left the lake to spawn in the Wolf 

and Fox Rivers during the spring and returned to the lake after the spawning period In 
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my study, a few adults, including one ripe male, were tagged in the spring of 1999 and 

never returned to the study area. However, it must be noted that any fish suspected to be 

a "main lake migrant" might have moved upstream above Lewiston, the upper-most 

portion of the study area. For this reason, some tracking was conducted below the 

hydropower facilities (Figure 1.2), but no lake sturgeon were located. 

The 24-hour monitoring of juvenile lake sturgeon in the late summer of 1998 

provided limited information. There seemed to be an increase in fish movement and 

more variation in depth during the late evening around 1800 hours. This apparent 

increase in activity might indicate crepuscular or nocturnal feeding periods, which have 

been observed in other sturgeon studies (McKinley et al. 1991; Borkholder et al. 1997; 

Chiasson et al. 1997). However, I hesitate to draw any conclusions from only one 24-

hour tracking period. 

Over-wintering lake sturgeon 

The plot of the movements of the four lake sturgeon from the fall of 1999 through 

the spring of200D-(Figure 3.1_2) reaffmns the presence of river-resident fish in the lower 

Niagara River. Lake sturgeon movements decreased dramatically as the water 

temperatures dropped below 10 °C. The lake sturgeon entered into an over-wintering 

period for about four to five months. Spring movements were highly correlated with 

increasing temperatures. The fish began moving again when the water temperatures rose 

above 10 °C. Similarly, Hay-Chmielewski (1987), Borkholder et al. (1997), and Rusak 

and Mosindy (1997) observed significant decreases in lake sturgeon movements during 

the winter, correlated with seasonal decreases in water temperature. Haynes et al. (1978) 
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observed a similar "dormant" season for white sturgeon (Acipenser transmontanus) in the 

mid-Columbia River, Washington in which sturgeon did not move more than 0.2 km 

from November through May. 

Rusak and Mosindy (1997), in their study of Lake of the Woods and Rainy River, 

Ontario, classified two types of fish: ( 1) "river" fish that remained exclusively in the 

Rainy River and (2) "lake" fish that were found in the lake during winter months. They 

found that most lake and river sturgeon had returned to their over-wintering areas by late 

October when water temperatures ranged between 4 and 9 °C (Rusak and Mosindy 1997). 

In contrast, the four sturgeon monitored in my study remained in the river during the 

over-wintering period. However, like Rusak and Mosindy (1997), seasonal differences in 

tracking effort (fish were tracked only about once a month during the winter) had the 

potential to confound the movement data in my study. 

Potential spawning areas 

Monitoring the movements of adult fish and mapping congregations during 

potential spawning temperatl;tres (11 to 18 °C) provided critical information toward 

identifying possible spawning areas. I think it is possible that even if the adult fish in my 

study were not spawning they might have been associating with actively spawning adults. 

Adult lake sturgeon congregated during peak spawning temperatures in the vicinity of the 

"Red Cliffs" region (rkm 8 to 10), US Coast Guard (rkm 0), and areas near the river's 

confluence with Lake Ontario (rkm -1.5 to --2.4) (Appendix C, Figures 2C and 3C). For 

these reasons, future sampling efforts should be concentrated in these areas. 
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Management recommendations 

It is important to protect the areas of the lower Niagara River that have been 

identified as potential feeding, nursery, or spawning habitats for lake sturgeon. Based on 

the results of my study, the eddies are most likely to provide necessary feeding and 

nursery habitats for juveniles. Even though I was unable to document spawning, I 

believe that there were adults actively spawning in the river from Lewiston downstream 

to the river's confluence, including the ''Niagara Bar." While the limited use of artificial 

egg trays was not successful in my study, they should continue to be used. In addition, 

video camera surveillance of suspected spawning areas might confrrm or refute the 

presence of spawning fish. Where spawning areas are located, perhaps artificial substrate 

can be added to enhance or expand spawning habitats (Kempinger 1996; LaPan et al. 

1997). 

One deficiency in my study was my inability to sample fish and assess habitat 

upstream of the hydropower facilities. Lake sturgeon have been reported by the public 

as far up as Devil' s Hole and Whirlpool State Park (Lowie et al. 2000), over 2 km 

upstream from the upper-mo~t portion of the study area (Figure 1.2). Lake sturgeon have 

been documented to spawn in depths of 1 to 4.5 m in swift rapids or below falls that 

prevent further migration (Scott and Crossman 1973; Auer 1999). These conditions exist 

in Whirlpool State Park and below Niagara Falls. It is possible that significant numbers 

of fish are utilizing these areas, and there might be returning groups of spawning fish. 

My study assumed that those fish sampled from Lewiston downstream were 

representative of the total population offish in the river. While I recognize that, from a 

logistical perspective (e.g., safer navigation, less costly equipment), it is more feasible to 
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manage the population below the hydropower facilities, I recommend that restoration 

efforts (e.g., stocking, artificial enhancement of spawning areas) not be considered 

without frrst assessing lake sturgeon abundance above Lewiston. 

Tables and Figures 

Table 3 .1. Summary of attempts to track individual lake sturgeon on days following the 
attachment of an ultrasonic transmitter. An attempt was defmed as a day in which both 
the lake and river were tracke<L unless the fish was located without tracking the entire 
study area. Track duration was the number of days from a fish's release ruite to the last 
date the fish was considered active in the study. 
Sonic Tag Track Attempts Attempts Attempts Total Total 
Number Duration Week 1 Week2 · After Week 3 Attempts Fixes 

(d) (d) (d) (d) 
266 81 5 4 13 22 22 
347 90 2 1 8 11 11 
338 88 3 1 8 12 12 
356 259 3 1 14 18 18 
248 108 3 2 9 14 14 
239 43 4 1 4 9 9 
293 51 2 2 9 13 7 
257 43 2 2 8 12 12 
455 443 2 2 47 51 46 
275 407 3 2 35 40 31 
96 34 4 3 6 13 12 
2237 278 4 2 15 21 17 
374 35 3 1 5 9 9 
87 374 2 2 36 40 38 
2228 78 3 1 9 14* 14 
2246 280 2 0 11 13 8 
5-10 126 2 1 8 11 8 
446 225 1 2 13 16 15 
458 105 3 2 8 13 13 
567 105 3 2 7 12 10 
449 95 2 2 16 20 18 
558 97 3 1 10 14 14 
365 29 2 1 2 5 4 
359 47 2 1 2 5 4 
* Two attempts to locate fish # 2228 occurred on the day of its release. 
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Table 3.2. Comparison of water quality measurements taken from the lower Niagara 
River and Lake Ontario from May through August 1999. Minimum, maximum, and 
mean measurements were compared between the river and lake (river confluence) for 
days in which both were sampled. 

River Lake 
Parameters N Min Max Mean (SD) N Min Max Mean (SD) 
Surface 5 12.86 24.29 21.28 (4.9) 10 12.75 25.5 21.22 (4.7) 
Temperature C0C)1 

Bottom 3 12.81 24.27 20.02 (6.3) 6 12.68 24.28 18.89 (5.2) 
Temperature ecy 

Surface pH 3 4 7.63 8.04 7.85 (0.2) 8 7.56 8.08 7.86 (0.2) 

BottompH4 3 7.62 8.05 7.86 (0.2) 6 7.57 8.47 7.92 (0.3) 

Surface Dissolved 4 2.97 13.66 8.1 (4.9) 7 2.99 13.35 7.68 (4.5) 
Oxygen (mg/L )5 

Bottom Dissolved 3 3.04 13.49 7.25 (5.5) 6 3.14 12.99 8.36 (4.2) 
Oxygen (mg/L)6 

Surface 4 263 273 267 (4) 8 262 299 272 (12) 
Conductivity 
(micromhos/cmf 
Bottom 3 263 273 267 (5) 6 263 300 276 (14) 
Conductivity 
(micromhos/cm)8 

Water Clarity 3 1.75 3.0 2.4 (0.6) 8 1.65 8.75 3.5 (2.3) 
(m)9 

Results of Two-sample t-tests comparing the differences between the river and the lake for the average of 
each water quality measurement: 
1 t stat= -0.02, 8 df, P = 0.98 
2 t stat= -0.27, 3 df, p = 0.81 
3 t stat= 0.13, 6 df, P = 0.89 
4 t stat= 0.29~ 6 df, P = 0.78 
5 t stat= -0.14, 6 df, P = 0.89 
6 . 

t stat = 0.31, 3 df, P = 0. 78 
7 t stat= 0.90, 10 df, P = 0.39 
8 t stat= 1.40, 7 df, p = 0.20 
9 t stat = 1.23, 9 df, p = 0.25 
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Table 33. Comparison of water quality measurements taken at the surface and bottom in 
the lower Niagara River and its confluence with Lake Ontario from May through August 
1999. Means were compared between surface and bottom from all locations (n = 16) at 
which both measurements were taken. 

Mean 
(SD) 

Temperature (°C) pH 

Surface Bottom 
20.98 20.77 
(4.6) (4.6) 
t stat= 0.13, 30 
df, p = 0.89 

Surface Bottom 
7.89 7.85 
(0.3) (0.3) 
t stat = 0.36, 30 
df, p = 0.73 

Dissolved Oxygen 
(mg/L) 

Surface Bottom 
7.80 7.80 
(3.9) (3.8) 
t stat= -0.003, 30 
df, p = 0.998 

Conductivity 
(micromhos/cm) 

Surface Bottom 
270 272 
(10) (11) 
t stat= -0.51, 30 df, 
p = 0.61 

Table 3.4. Summary of mean depth use for juvenile (n = 12) and adult (n = 12) 
ultrasonically tagged lake sturgeon in the lower Niagara River, 1998 to 2000. 

Group Result of Two 

Minimum 
Depth (m) 
Maximum 
Depth (m) 
Mean 
Depth (m) 
(SD) 

All Fish 
5.0 

30.5 

11.4 

(4.4) 

Juveniles 
5.0 

25.3 

10.8 

(2.5) 

Adults 
5.8 

30.5 

11.8 

(2.6) 

Sample t-test for 
Juveniles and Adults 

t stat=- 0.92, 22 df, 
p = 0.37 

Table 3.5. Summary of mean surface and bottom water velocities measured for juvenile 
and adult ultrasonically tagged lake sturgeon in the lower Niagara River and its 
confluence with -Lake Ontario, 1998 to 1999. Measurements for 1998 juveniles were 
taken in 1999 at their 1998 locations. 

Average 
Surface 
Velocity (m/s) 
(SD) 
Average 
Bottorr1 
Velocity (m/s) 

All Fish 1998-99 1999 
Juveniles Adults 

0.371 0.35 0.42 
(n = 15) (n = 10) (n= 5) 

(0.26) (0.29) (0.22) 
0.281 0.25 0.32 
(n = 14) (n= 9) (n= 5) 

(SD) (0.16) (0.16) (0.15) 

Results of Two-Sample t
tests for 1998-99 Juveniles 
and 1999 Adults 
t stat = -0.54, 10 df, P = 0.60 

t stat = -0.83, 9 df, P = 0.43 

1 ResulCofTwo-sample t-tesicomparing the differencebetween the river's average sUrface velocity and 
average bottom velocity: (t stat= 1.23, 23 df, P = 0.23) 
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Table 3.6. Summary of mean percent substrate composition in the lower Niagara River at 
areas used (high-use) and not used (low-use) by lake sturgeon, 1998 to 2000. Substrate 
was assessed at locations where juveniles and adults were found separately and together. 

Mean % Substrate Composition 
Category N Sand Mussel Bedrock Gravel Cobble Boulder Vegetation 
Low-use Areas1 18 20 44 10 4 8 4 10 
(SD) (34) (37) (21) (6) (18) (8) (28) 
High-use areas1 25 45 21 8 13 8 4 1 
(SD) (39) (23) (18) (17) (14) (10) (2) 
Adults2 19 49 18 10 12 6 4 1 
(SD) (37) (22) (20) (19) (9) (11) (3) 
Juveniles2 13 49 25 7 7 10 2 0 
(SD) (44) (26) (21) (11) (18) (4) (0) 
Shared 7 63 21 11 1 4 0 0 
(SD) (39) (24) (28) (2) (4) (0) (0) 
1 Results ofTwo-sampfet-teSis comparing die differences in substrate composition for each substrate type 
between low-use and high-use areas: 
sand (t stat= -2.19, 39 df, P = 0.03), mussel (t stat= 2.28, 27 df, P = 0.03), bedrock (t stat= 0.37, 33 df, P = 
0.71), gravel (t stat= -2.27, 32 df, P = 0.03), cobble (t stat= -0.17, 31 df, P = 0.86), boulder (t stat= -0.09, 
40 df, P = 0.93), vegetation (t stat= 1.38, 17 df, P = 0.19) 

2 Results of Two-sample t-tests comparing the differences in substrate composition for each substrate type 
between adult and juvenile high-use areas: 
sand (t stat= -0.05, 23 df, P = 0.96), mussel (t stat= -0. 76, 23 df, P = 0.46), bedrock (t stat= 0.47, 26 df, P 
= 0.64), gravel (t stat= 0.86, 30 df, P = 0.4), cobble (t stat= -0.8, 16 df, P = 0.43), boulder (t stat= 0.93, 
24 df, P = 0.36), vegetation (t stat= 1.71, 18 df, P = 0.1) 

Table 3.7. Summary of the type of mount (dorsal or scute) and transmitter model 
attached to lake sturgeon in the lower Niagara River, 1998 to 2000. A ">" preceding the 
value for maximum retention assumes that the tag remained attached to a fish for an 
unknown period beyond the last day that the fish was located or the end of the study. The 
average percent of a fish's total dry (in air) weight for each type of tag with mount (dry 
weight) is shown to indicate whether, on average, tagged fish violated the "2% Rule 
(Winter 1983)." 
Mount Type Number Average (SD) Maximum Average Tag% (SD) 
and Tag Model ofFish Retention (d) Retention (d) Weight of Fish 
Dorsal 18 N/ A N/A > 443 0.35 (0.27) 

CT-82-3 8 N/A N/A >443 0.41 (0.35) 

CHP-87-L 10 NIA N/A >374 0.30 (0.19) 

Scute 7 69 (41) 126 1.42 (0.47) 

CT-82-3 4 62 (41) 108 1.35 (0.61) 

CI-IP-87-L 3 80 (46) 126 1.51 (0.26) 
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Table 3~8. Summary of movement variables for lake sturgeon tagged with ultrasonic 
transmitters in the lower Niagara River, 1998 to 2000. Track duration is the period of 
days in which a fish was active. Total km was calculated as the sum of all distances that 
a fish moved between tracked locations. Average rkm was calculated as the average of 
all the locations (denoted as river kilometers) where a fish was found. Average 
kilometer/track was calculated as the total km divided by the total number of fixes. 

Percent of Time Fish was 
Located in Macrohabitat Type 

Fish # Fixes Track Total Average Average Lake Main Eddy 
Number Duration (d) (km) rkm km/track River 

Juveniles 
266 22 81 10.85 4 0.52 0 64 36 
347 11 90 9.7 -1.6 0.97 91 0 9 
338 12 88 21 4.9 1.91 25 67 8 
356 18 259 17.7 6 1.04 0 44 56 
248 14 108 1.2 5.2 0.09 0 0 100 
239 9 43 1.05 5.3 0.13 0 0 100 
2237 17 278 17.65 -2.4 1.1 94 0 6 
374 9 35 1.5 5.4 0.19 0 0 100 
87 38 374 34.1 4.65 0.92 3 66 31 
2228 14 78 3.2 9.2 0.25 0 0 100 
2246 8 280 7.55 -0.03 1.08 88 0 12 
5-10 8 126 12.4 8.1 1.55 0 44 56 
Average 15 153 11.49 4.1 1 o.8e 253 243 5e 
(SD) (9) (113) (9.9) (3.6) (0.6) (40) (30) (40) 

Adults 
293 7 51 15.5 0 2.58 57 29 14 
257 12 43 28.05 7.5 2.55 17 66 17 
455 46 443 124.65 6.1 2.77 17 81 2 
275 31 407 58.7 0.8 1.96 55 42 3 
96 12 34 10.4 0.3 0.95 25 67 8 
446 15 225 5.8 8.3 0.41 0 93 7 
458 13 105 23.8 -1.3 1.98 62 38 0 
567 10 105 18.9 -2.1 2.1 70 20 10 
449 18 95 67.3 5.2 4.21 18 76 6 
558 14 97 33.55 0.9 2.58 50 43 7 
365 4 29 7.9 0.9 2.63 50 25 25 
359 4 47 12.6 -1.2 4.2 75 0 25 
Average 16 140 33.93 2.1 1 2.4t2 4e 493 103 

(SD) (12) (143) (34.6) (3.6) (1.1) (25) (28) (8) 
AJJ Fish 

Average 15 147 22.71 3.1 1.61 33 36 31 
(SD) (10) (126) (27.4) (3. 7) (1.2) (34) (31) (35) 
lR:esult ofTwo-sample t-test comparing the difference between juveniles and adults for average rlan: 
(t stat= 1.32, 22 df, p = 0.2) 
2 

Result ofTwo-sample t-test comparing the difference between juveniles and adults for average km/track: 
(t stat= -4.44, 17 df, P < 0.001) 
3 

Result of chi-square goodness of fit test comparing the difference between juveniles and adults for 
macrohabitat type used: (x2 = 180, critical value= 5.991, P < 0.001) 
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Figure 3.2. Scute~mounted ultrasonic tag on a juvenile lake sturgeon. 
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Ontario, 1998 to 2000. 
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Table 1A. Catch per unit effort (CPUE) of lake sturgeon for all sampling methods and 
time periods in the lower Niagara River, 1998 to 2000. 
Sampling Method of Total Total Number CPUE CPUE 
Period Capture nights hours sturgeon (fish/night) (fishlhr) 

caught 
1998 

July Setline other1 3 84.7 0 0 0 

August Gill net exp.2 13 195.9 3 0.23 0.015 
Setline other 3 72.6 0 0 0 
Diver 2 4 4 2 1 
Total 18 272.5 7 0.39 0.026 

Season Gill net exp. 13 195.9 3 0.23 0.015 
Setline other 6 157.3 0 0 0 
Diver 2 4 4 2 1 
Total 21 357.2 7 0.33 0.019 

1999 

April Gill net 25 em 10 166.2 4 0.4 0.024 

May Gill net 25 em 34 780.8 2 0.06 0.003 

June Gill net 25 em 1 24.9 0 0 0 
Gill net exp. 1 20.6 0 0 0 
Gill net total 2 45.5 0 0 0 
Diver '1 1.5 2 2 1.33 
Total 3 47 2 0.67 0.043 

July Gill net 25 em 2 28.6 0 0 0 
Gill net exp. 4 59.9 2 0.5 0.033 
Gill net total 6 88.5 2 0.33 0.023 
Setline smelt 7 109.1 1 0.14 0.009 
Setline alewife 2 32.25 0 0 0 
Setline total 9 141.35 1 0.11 0.007 
Diver 1 1.5 4 4 2.67 
Total 16 231.35 7 0.44 0.03 
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Table lA. Continued ... 
Sampling Method of Total Total Number CPUE CPUE 
Period Capture nights hours sturgeon (fish/night) (fish/hr) 

caught 
August Gill net 25 em 5 79 1 0.2 0.013 

Gill net exp. 4 64.7 1 0.25 0.015 
Gill net total 9 143.7 2 0.22 0.014 
Setline smelt 3 58 2 0.67 0.034 
Setline alewife 9 147.9 0 0 0 
Setline total 12 205.9 2 0.17 0.01 
Total 21 349.6 4 0.19 0.011 

September Gill net 25 em 1 19.1 0 0 0 
Setline eggs 3 56.7 4 1.33 0.07 
Total 4 75.8 4 1 0.053 

October Setline eggs 9 167 3 0.33 0.018 

Season Gill net 25 em 53 1098.6 7 0.13 0.006 
Gill net exp. 9 145.2 3 0.33 0.021 
Gill net total 62 1243.8 10 0.16 0.008 
Setline smelt 10 167.1 3 0.3 0.017 
Setline alewife 11 180.15 0 0 0 
Setline eggs 12 223.7 7 0.58 0.031 
Setline total 33 570.95 10 0.30 0.018 
Diver 2 3 6 3 2 
Total 97 1817.75 26 0.27 0.014 

2000 

March Gill net 25 em 10 220.1 0 0 0 
Setline eggs 2 37.6 0 0 0 
Total 12 257.7 0 0 0 

April Gill net 25 em 23 561.7 17 0.74 0.03 
Setline smelt 2 52.2 0 0 0 
Total 25 613.9 17 0.68 0.028 
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Table 1A. Continued ... 
Sampling Method of Total Total Number CPUE CPUE 
Period Capture nights hours sturgeon (fish/night) (fishlhr) 

caught 
May Gill net 25 em 14 317.7 0 0 0 

Setline alewife 22 498.8 6 0.27 0.012 
Setline eggs 5 109.8 2 0.4 0.018 
Setline total 27 608.6 8 0.3 0.013 
Total 41 926.3 8 0.19 0.009 

June Setline smelt 4 93.9 0 0 0 
Setline alewife 22 520.3 6 0.27 0.011 
Setline total 26 614.2 6 0.23 0.01 

July Setline alewife 10 225.4 2 0.2 0.009 

August Setline smelt 4 89.4 1 0.25 0.011 
Setline alewife 5 104.1 0 0 0 
Setline total 9 193.5 1 0.11 0.005 

Season Gill net 25 em 4 7 1099.5 17 0.36 0.015 
Setline smelt 10 235.5 1 0.1 0.004 
Setline alewife 59 1348.6 14 0.24 0.01 
Setline eggs 7 147.4 2 0.28 0.013 
Setlinetotal 76 1731.5 17 0.22 0.01 
Total 123 2831 34 0.28 0.012 

1 Setlines were baited with combination of earthworms, white suckers, round gobies, and golden shiners. 
2 Expetimental gill nets contained panels ranging in size from 5 to 20 em stretch mesh. 
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Table 2A. Summary of capture information and biological data (fork length, total length, 
girth, and weight) for lake sturgeon sampled in the lower Niagara River, 1998 to 2000. 
"Method" refers to the type of sampling technique used to capture the sturgeon. 
Fish Date of Location Method Sonic tag FL TL Girth Weight 
number capture number (mm) (mm) (mm) (kg) 
98-02 8/1/98 Peggy's Eddy Diver 289 337 125 
98-03 8/1/98 Peggy's Eddy Diver 266 624 705 306 2 
98-04 8/12/98 Peggy's Eddy Gill net 347 755 854 368 4 
98-05 8/14/98 Peggy's Eddy Diver 338 860 966 371 5.2 
98-06 8114/98 Peggy's Eddy Diver 356 741 847 343 3.3 
98-07 8/26/98 Peggy's Eddy Gill net 248 778 866 345 3.6 
98-08 8/28/98 Peggy's Eddy Gill net 239 639 725 272 1.6 
99-01 4/27/99 Peggy's Eddy Gill net 293 1197 1314 578 19.5 
99-02 4/28/99 Queenston Drift Gill net 356 777 886 375 4.3 
99-03 4/28/99 Queenston Drift Gill net 257 1396 1435 655 25.2 
99-04 4/28/99 Peggy's Eddy Gill net 455 1450 1566 720 33.9 
99-05 5/5/99 Peggy's Eddy Gill net 275 1121 1256 534 14.5 
99-06 5118/99 Peggy's Eddy Gill net 96 1155 1240 15.5 
99-07 6/3/99 Peggy's Eddy Diver 2237 899 1021 414 6.3 
99-08 6/3/99 Peggy's Eddy Diver 272 311 122 0.15 
99-09 7/16/99 Peggy's Eddy Setline 374 768 872 317 3 
99-10 7/23/99 Peggy's Eddy Gill net 87 1020 1141 502 11.8 
99-11 7/23/99 Fort Niagara Diver 788 890 359 4.2 
99-12 7/23/99 Fort Niagara Diver 284 746 837 319 3.2 
99-13 7/23/99 Fort Niagara Diver 690 787 310 2.7 
99-14 7/23/99 Fort Niagara Diver 668 750 297 2.2 
99-15 7/30/99 Peggy's Eddy Gill net 658 705 265 1.8 
99-16 8/4/99 Queenston Drift Gill net 2228 695 775 295 2.6 
99-17 8/6/99' Queenston Drift Gill net 976 1078 461 10 
99-18 8/6/99 Peggy's Eddy Setline 2246 968 1081 443 9.1 
99-19 8/19/99 Queenston Drift Setline 5-10 755 851 355 3.7 
99-20 9/29/99 Queenston Drift Setline 818 940 410 4.8 
99-21 9/29/99 Queenston Drift Setline 854 963 328 4.2 
99-22 9/29/99 Queenston Drift Setline 898 992 403 5.7 
99-23 9/29/99 Queenston Drift Setline 446 1170 1186 540 15 
99-24 10/20/99 Queenston Drift Setline 801 919 354 4.2 
99-25 10/20/99 Queenston Drift Setline 845 963 387 5 
99-26 10/20/99 Peggy's Eddy Setline 1009 1132 445 8.8 
2000-01 4/6/00 Queenston Drift Gillnet 968 1061 483 9.5 
2000-02 4/11100 Queenston Drift Gillnet 889 1005 494 7.7 
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Table 2A. Continued ... 
Fish Date of Location Method Sonic tag FL TL Girth Weight 
number capture number (mm) (mm) (mm) (kg) 
2000-03 4/11100 Queenston Drift Gillnet 795 897 407 5 
2000-04 4111100 Queenston Drift Gillnet 880 993 435 6.6 
2000-05 4/12/00 Queenston Drift Gillnet 934 1024 475 8.9 
2000-06 4/12/00 Queenston Drift Gillnet 823 947 425 5.8 
2000-07 4/12/00 Queenston Drift Gillnet 1155 1200 540 10 
2000-08 4/12/00 Peggy's Eddy Gillnet 
2000-09 4/18/00 Queenston Drift Gillnet 763 870 349 3.9 
2000-10 4/18/00 Queenston Drift Gillnet 740 821 346 3.3 
2000-11 4118/00 Queenston Drift Gillnet 458 1344 1484 671 24.1 
2000-12 4/18/00 Queenston Drift Gillnet 567 1315 1440 736 29.1 
2000-13 4/18/00 Queenston Drift Gillnet 449 1160 1284 624 19.1 
2000-14 4/25/00 Queenston Drift Gillnet 1269 1411 641 21.4 
2000-15 4/25/00 Queenston Drift Gillnet 558 1426 1573 807 35.9 
2000-16 4/26/00 Queenston Drift Gillnet 901 1021 442 7 
2000-17 5/18/00 Smuggler's BC Setline 1005 1114 492 9.6 
2000-18 5118/00 Smuggler's BC Setline 885 989 455 7 
2000-19 6/1/00 Smuggler's BC Setline 966 1062 427 7.4 
2000-20 6/1/00 Queenston Drift Setline 690 773 294 2.4 
2000-21 6/1/00 DS Lewiston Setline 828 915 420 5.5 
2000-22 6/1/00 DS Lewiston Setline 800 895 395 5.25 
2000-23 6/1/00 DS Lewiston Setline 810 921 420 5.4 
2000-24 6/1/00 DS Lewiston Setline 712 795 325 2.9 
2000-25 6/7/00 DS Lewiston Setline 837 942 428 6.2 
2000-26 6/7/00 DS Lewiston Setline 942 1050 486 9 
2000-27 6/7/00 Smuggler's BC Setline 780 875 370 4.3 
2000-28 6/14/00 Queensfon Drift Setline 365 1247 1372 556 17.8 
2000-29 6/14/00 DS Lewiston Setline 359 1333 1436 710 28.2 
2000-30 8/2/00 Peggy's Eddy Setline 900 1013 400 5.85 
2000-31 8/2/00 Queenston Drift Setline 827 946 420 5.2 
2000-32 8/9/00 Peggy's Eddy Setline 827 930 345 4.2 
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Table 3A. Estimated ages (in years) for lake sturgeon sampled in the lower Niagara 
River, 1998 to 2000. "Age" was calculated from the average of all four interpretations 
and rounded to the nearest year. 
Fish TL(mm) Interpreter Interpreter Interpreter Interpreter Age 
Number 1 2 3 4 
98-02 337 * * * 2 2 
98-03 705 * * * 5 3 
98-04 854 * * * 6 5 
98-05 966 * * * 5 6 
98-06 847 * * * 5 5 
98-07 866 * * * 5 5 
98-08 725 * * * 4 4 
99-01 1314 15 15 16 28 19 
99-02 886 Recapture of fish number 98-06 
99-03 1435 18 17 18 18 18 
99-04 1566 20 20 20 21 20 
99-05 1256 12 11 13 14 13 
99-06 1240 12 13 12 13 13 
99-07 1021 8 6 8 6 7 
99-08 311 1 1 1 2 1 
99-09 872 5 5 5 5 5 
99-10 1141 9 9 9 9 9 
99-11 890 6 5 6 6 6 
99-12 837 6 4 5 4 5 
99-13 787 5 5 4 5 5 
99-14 750 5 4 5 4 5 
99-15 705 3 3 3 4 3 
99-16 775 5 5 5 6 5 
99-17 1078 12 13 11 14 13 
99-18 1081 10 8 10 9 9 
99-19 851 7 6 6 7 7 
99-20 940 5 6 5 7 6 
99-21 963 5 6 6 6 6 
99-22 992 5 5 5 6 5 
99-23 1186 12 12 12 13 12 
99-24 919 4 4 4 5 4 
99-25 963 4 4 4 5 4 
99-26 1132 5 6 6 7 6 
2000-01 1061 Recapture of fish number 99-17 
2000-02 1005 6 5 6 6 6 
2000-03 897 5 4 5 6 5 
2000-04 993 9 6 7 8 8 
2000-05 1024 7 6 7 7 7 
2000-06 947 Recapture of fish number 99-20 
2000-07 1200 10 6 7 6 7 
2000-08 Recapture of fish number 2000-02 
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Table 3A. Continued ... 
Fish TL(mm) Interpreter Interpreter Interpreter Interpreter Age 
Number 1 2 3 4 
2000-09 870 4 4 4 6 5 
2000-10 821 5 5 5 6 5 
2000-11 1484 15 13 15 15 15 
2000-12 1440 27 22 22 22 23 
2000-13 1284 20 17 17 18 18 
2000-14 1411 16 14 14 14 15 
2000-15 1573 21 19 20 19 20 
2000-16 1021 8 8 6 8 8 
2000-17 1114 9 8 10 8 9 
2000-18 989 9 6 7 7 7 
2000-19 1062 7 7 8 8 8 
2000-20 773 5 4 4 7 5 
2000-21 915 9 8 5 9 8 
2000-22 895 8 4 5 8 6 
2000-23 921 6 5 5 5 5 
2000-24 795 4 4 4 4 4 
2000-25 942 5 6 5 5 5 
2000-26 1050 12 6 6 6 8 
2000-27 875 5 5 5 6 5 
2000-28 1372 21 13 15 17 17 
2000-29 1436 16 15 16 17 16 
2000-30 1013 7 7 6 8 7 
2000-31 946 5 5 5 5 5 
2000-32 930 4 5 5 7 5 
* Data for original interpretations has been lost, however average data for these fish 

exists. 
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Table 4A. Summary of tagged fish located for all tracking dates in the lower Niagara 
River and Lake Ontario, 1998 to 2000. A "yes" (Y) or "no" (N) indicates whether 
tracking was conducted for the entire study area in the lake and river for a specific date. 
A tagged fish is in BOLD on the date in which it was released with an ultrasonic 
transmitter. The proportion of active fish (shown as a fraction) represents the number of 
fish that were located out of the total number of fish considered active in the study on that 
date. 
Tracking River Lake Tagged Fish Located Proportion of 
Date (YIN) (YIN) Active Fish 
8/1/98 y N 266 111 
8/4/98 y N 266 1/1 
8/5/98 y N 266 1/1 
8/6/98 y N 266 111 
8/7/98 y N 266 111 
8111/98 y N 266 1/1 
8/12/98 y N 266,347 2/2 
8/13/98 N N 266 112 
8/14/98 y y 266,347,338,356 4/4 
8/18/98 y N 266,338,356 3/4 
8/21/98 y y 266,347,338,356 4/4 
8/26/98 y N 266,338,356,248 4/5 
8/28/98 N N 248,239 2/6 
8/31/98 y y 266, 347, 338, 356, 248, 239· 6/6 
9/2/98 y y 266,347,338,356,248,239 6/6 
9/3/98 y y 266,347,338,356,248,239 6/6 
9/9/98 y N 266,356,248,239 4/6 
9111/98 y N 266,338,356,248,239 516 
9/18/98 y y 266,347,338,356,248,239 6/6 
9/25/98 y- y 266,347,338,356,248,239 6/6 
9/29/98 N y 266,347 216 
10/9/98 y y 266,347,338,356,248,239 6/6 
10/20/98 y N 266,356,248 3/5 
1119/98 y y 347,338,356,248 4/4 
11120/98 y N 356,248 2/2 
12/11198 y N 356,248 2/2 
4/12/99 y N 356 1/1 
4/26/99 y N 356 111 
4/27/99 N N 293 111 
4/28/99 N N 293,257,455 3/3 
5/4/99 y y 293,257,455 3/3 
5/5/99 N N 275 114 
5/6/99 y y 293,257,455,275 4/4 
5/11/99 y N 257,455,275 3/4 
5/17/99 y N 275 1/4 
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Table 4A. Continued ... 
Tracking River Lake Tagged Fish Located Proportion of 
Date (YIN) (YIN) Active Fish 
5/18/99 N N 96 115 
5/19/99 y N 275,96 2/5 
5/20/99 y y 293,257,455,96 4/5 
5/21/99 y y 293,257,455,96 4/5 
5/28/99 y y 257,455,96 3/5 
5/29/99 y y 257,455 2/5 
6/1/99 y y 257,455,96 315 
6/3/99 y N 455,2237 216 
6/5/99 y y 257,455,275,96 4/6 
6/7/99 y N 257,455,96,2237 4/6 
6/9/99 y y 257,455,275,96,2237 5/6 
6/11/99 y y 455,275,96,2237 4/5 
6/16/99 y y 293,455,275,96,2237 5/5 
6/21/99 y y 455,275,96,2237 4/4 
6125199 y y 455,275,2237 3/3 
6/30/99 y y 455,275,2237 3/3 
7/7/99 y N 455 1/3 
7/13/99 y y 455,275,2237 3/3 
7/14/99 y y 455,275,2237 3/3 
7116/99 N N 374 1/4 
7/22/99 y y 455,275,2237,374 4/4 
7/23/99 N N 374,87 215 
7/27/99 y y 455,275,2237,374,87 515 
8/2/99 y N 374,87 215 
8/4/99 N N 2228 1/6 
8/5/99 y y 275,2237,374,87,2228 516 
8/6/99 N N 2246 117 
8/11/99 y y 374,87,2228,2246 4/7 
8/16/99 y N 374,87,2228 3/7 
8/19/99 y N 374, 87, 2228, 5-10 4/8 
8/25/99 y y 455,2237,87,2228,2246 5/7 
8/27/99 y N 455,87,2228 3/7 
9/1199 y y 455,275,87,2228 4/7 
9115/99 y y 455,275,87,2228,2246 5/7 
9/28/99 y y 275,2237,87,2228,2246,5-10 6/7 
9/29/99 N N 446 118 
10/6/99 y N 455,87,2228,5-10,446 5/8 
10/7/99 y N 455,87,2228,5-10,446 5/8 
10/19/99 y N 87, 5-10 2/8 
10/20/99 y N 2228, 5-10, 446 3/8 
11/8/99 y y 455,275,2237,87,5-10,446 6/7 
12/22/99 y N 455,275,87,5-10,446 5/7 
2/9/00 y N 275,87,446 3/6 
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Table 4A. Continued ... 
Tracking River Lake Tagged Fish Located Proportion of 
Date (YIN) (YIN) Active Fish 
3/7/00 y y 275,2237,87,446 4/6 
3/22/00 y y 455,275,87,2246,446 515 
4/6/00 y N 87,446 2/5 
4/17/00 y N 455,87,446 3/5 
4/18/00 N N 458,567,449 3/8 
4/20/00 y N 87,446,458,567,449 5/8 
4/24/00 N y 275,2246,458,567 4/8 
4/26/00 N N 558 1/9 
4/28/00 y y 455,275,87,446,458,567,449,558 8/9 
5/2/00 y y 455,275,87,458,449,558 619 
5/9/00 y N 455,275,87,446,449,558 6/9 
5/10/00 N N 87,449,558 3/9 
5/11/00 y y 455,275,87,2246,446,458,449,558 8/9 
5/15/00 y y 455,458,567,558 4/7 
5/16/00 y N 455,87,449 3/7 
5/18/00 y N 455,449 2/7 
5/24/00 y N 455,87,449,558 4/7 
5/30/00 y N 87,449 2/7 
5/31100 y N 455,87,449 3/7 
6/6/00 y N 87,449 2/7 
6/7/00 y y 455,458,567,449,558 5/7 
6/15/00 y N 275,87,365,359 4/9 
6/19/00 N y 458,567,558,365,359 5/8 
6/20/00 y N 455,87,449 3/8 
6/28/00 y y 455,87,458,567,449,558,365 7/8 
7/13/00 y y 455,87,458,567,558,365,359 7/8 
7/24/00 N N 458,449,558 3/8 
7/31/00 y y 87,458,567,449,558,359 6/8 
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Table SA. Summary of the velocity measurements taken at locations of ultrasonically tagged lake sturgeon in 
the lower Niagara River, 1999. 

Surface Velocity ( mJ s) Bottom Velocity (m/s) 
Date Fish# Depth (m) #1 #2 #3 #4 #5 Ave. #1 #2 #3 #4 #5 Ave. 
7/27/99 87 7.5 0.77 0.79 0.77 0.8 0.83 0.79 0.51 0.47 0.58 0.58 0.53 0.53 
8/5/99 87 8.0 0.41 0.42 0.44 0.46 0.47 0.44 0.41 0.43 0.4 0.27 0.32 0.37 
8/25/99 87 9.2 '0.21 0.23 0.19 0.17 0.21 0.2 0.25 0.26 0.25 0.23 0.18 0.23 
Average 0.48 0.38 
(SD) (0.30) (0.15) 
5/28/99 96 8.5 0.25 0.25 0.23 0.22 0.23 0.24 1.38 1.31 1.4 1.39 1.37 1.37 
6/1/99 96 16.4 . 0.94 0.88 0.7 0.69 0.74 0.79 0.27 0.47 0.37 0.26 0.34 0.34 
6/5/99 96 7.5 0.39 0.39 0.46 0.47 0.46 0.43 0.24 0.32 0.27 0.27 0.17 0.25 
6/7/99 96 7.2 0.12 0.06 0.12 0.13 0.21 0.13 0.1 0.08 0.1 0.08 0.09 0.09 
6/9199 96 13.8 0.45 0.48 0.49 0.48 0.48 0.48 0.34 0.35 0.39 0.43 0.42 0.39 
6/11199 96 8.5 0.46 0.42 0.4 0.45 0.49 0.44 0.37 0.35 0.35 0.33 0.33 0.35 

- 6/16/99 96 14.1 0.51 0.5 0.49 0.49 0.52 0.5 0.39 0.4 0.35 0.32 0.36 0.36 
0 

Average 0.43 0.45 ~ 

(SD) (0.21) (0.42) 
5/25/99 239 10.2 0.08 0.08 0.14 0.24 0.19 0.15 0.16 0.17 0.21 0.18 0.17 0.18 
615199 239 10.5 0.09 0.19 0.21 0.14 0.16 0.16. 0.27 0.28 0.27 0.3 0.32 0.29 
6/7/99 239 11.5 0.28 0.32 0.39 0.31 0.23 0.31 0.24 0.27 0.35 0.3 0.41 0.31 
Average 0.20 0.26 
(SD) (0.09) (0.07) 
5/11/99 248 18.2 1.04 0.92 0.87 1.01 1.02 0.97 0.48 0.32 0.47 0.56 0.57 0.48 
5/25/99 248 19.0 1.21 1.08 1.1 1.06 1.13 1.12 0.39 0.46 0.53 0.37 0.51 0.45 
6/7/99 248 18.0 1.03 1.01 1.08 0.97 0.95 1.01 0.58 0.68 0.74 0.75 0.76 0.7 
Average 1.03 0.54 
(SD) (0.07) (0.14) 



Table SA. Continued ... 
Surface Velocity (m/s) Bottom Velocity (m/s) 

Date Fish# Depth (m) #1 #2 #3 #4 #5 Ave. #1 #2 #3 #4 #5 Ave. 
5111/99 257 11.5 0.56 0.35 0.46 0.44 0.46 0.45 0.27 0.38 0.4 0.34 0.62 0.4 
5/28/99 257 13.5 1.19 1.12 1.14 1.15 1.11 1.14 0.85 0.77 0.8 0.74 0.73 0.78 
5/29/99 257 7.5 0.34 0.31 0.3 0.32 0.31 0.32 0.25 0.25 0.22 0.21 0.23 0.23 
611199 257 9.5 0.35 0.35 0.38 0.37 0.34 0.36 0.35 0.35 0.36 0.41 0.42 0.38 
6/5/99 257 6.9 0.37 0.32 0.34 0.3 0.31 0.33 0.15 0.2 0.26 0.26 0.25 0.22 
6/7/99 257 11.5 0.72 0.69 0.72 0.74 0.74 0.72 0.52 0.53 0.5 0.6 0.61 0.55 
6/9/99 257 10.5 0.21 0.22 0.25 0.18 0.14 0.2 -0.02 -0.02 0 -0.02 0 -0.01 
Average 0.50 0.37 
(SD) (0.33) (0.25) 
5/25/99 266 12.8 0.55 0.66 0.57 0.62 0.64 0.61 0.36 0.37 0.54 0.35 0.39 0.4 
6/7/99 266 11.8 0.41 0.3 0.32 0.4 0.29 0.34 0.28 0.25 0.26 0.3 0.31 0.28 
7/27/99 266 17.7 0.35 0.35 0.32 0.32 0.28 0.32 0.25 0.3 0.33 0.34 0.29 0.3 - Average 0.43 0.33 0 

VI 
(SD) (0.16) (0.07) 
615199 275 7.5 0.36 0.39 0.36 0.37 0.37 0.37 0.42 0.29 0.33 0.28 0.36 0.34 
6/9/99 275 13.1 1.06 0.97 0.95 0.89 0.89 0.95 0.17 0.16 0.1 0.16 0.11 0.14 
6/11/99 275 13.8 0.85 0.84 0.8 0.78 0.76 0.81 0.64 0.68 0.77 0.68 0.68 0.69 
6/16/99 275 9.8 0.17 0.18 0.16 0.15 0.17 0.17 0.16 0.16 0.13 0.13 0.18 0.15 
7/13/99 275 8.2 0.48 0.47 0.44 0.46 0.46 0.46 0.24 0.18 0.14 0.06 0.02 0.13 
7/14/99 275 21.0 0.6 0.56 0.61 0.57 0.55 0.58 0.42 0.35 0.32 0.41 0.33 0.37 
7/22/99 275 9.8 0.54 0.5 0.51 0.51 0.49 0.51 0.36 0.38 0.37 0.39 0.41 0.38 
7/27/99 275 8.9 0.53 0.51 0.51 0.5 0.55 0.52 0.41 0.36 0.36 0.34 0.33 0.36 
8/5/99 275 11.2 0.04 0.02 0.03 0 0.03 0.02 0.05 0.01 0.05 0.05 0.08 0.05 
Average 0.49 0.29 
(SD) (0.29) (0.20) 



Table SA. Continued.; .. 
Surface Velocity (m/s) Bottom Velocity (m/s) 

Date Fish# Depth (m) #1 #2 #3 #4 #5 Ave. #1 #2 #3 #4 #5 Ave. 
6/16/99 293 8.5 0.05 0.05 0.04 0.06 0.07 0.05 0.1 0.08 0.08 0.08 0.06 0.08 
Average 0.05 0.08 
(SD) NIA N/A 
5/28/99 338 12.1 0.06 0.07 0.07 0.09 0.14 0.09 0.04 0.02 0.01 0.02 0.01 0.02 
619199 338 11.5 0.02 0.02 0.01 0 0.02 0.01 0.11 0.04 0.05 0.09 0.09 0.09 
Average 0.05 0.06 
(SD) (0.05) (0.05) 
5111199 356 10.8 0.22 0.14 0.21 0.14 0.15 0.17 0.17 0.21 0.23 0.22 0.14 0.19 
5125199 356 10.5 0.12 0.07 0.05 0.04 0.07 0.07 0 0.01 0.01 -0.01 0.08 0.02 
5/28/99 356 10.2 0.08 0.05 0.1 0.07 0.14 0.09 0.1 0.14 0.16 0.16 0.21 0.15 
615199 356 10.5 0.06 0 0.08 0.08 0.06 0.06 0.05 0.05 0.03 0.03 0.01 0.03 
6/7/99 356 10.7 0.13 0.14 0.16 0.11 0.08 0.12 0.04 -0.01 -0.02 0.06 0.12 0.04 - 619/99 356 9.2 0.25 0.21 0.11 0.16 0.18 0.18 0.11 0.05 0.01 0.08 0.06 0.05 0 

0'1 7/7/99 356 10.5 0.13 0.12 0.14 0.14 0.21 0.15 0.18 0.18 0.14 0.17 0.16 0.17 
7/27/99 356 10.5 0.19 0.21 0.2 0.22 0.25 0.21 0.08 -0.03 0.02 0.25 0.04 0.07 
Average 0.13 0.09 
(SD) (0.06) (0.07) 
7/22/99 374 8.9 0.51 0.5 0.53 0.52 0.52 0.52 0.37 0.39 0.43 0.41 0.4 0.4 
7/27/99 374 10.8 0.1 0.15 0.17 0.21 0.22 0.17 0.24 0.26 0.28 0.29 0.25 0.26 
8/2/99 374 9.8 0.19 0.18 0.22 0.19 0.17 0.19 0.27 0.32 0.3 0.27 0.25 0.28 
Average 0.29 0.32 
(SD) (0.19) (0.07) 



Table 5A. Continued ... 
Surface Velocity (m/s) Bottom Velocity (m/s) 

Date Fish# Depth (m) #1 #2 #3 #4 #5 Ave. #1 #2 #3 #4 #5 Ave. 
5111199 455 18.0 0.04 0.05 0.17 0.3 0.3 0.17 0.15 0.16 0.11 0.22 0.26 0.18 
5/28/99 455 10.2 1.18 1.22 1.17 1.21 1.22 1.2 0.48 0.64 0.47 0.42 0.46 0.49 
5/29/99 455 11.5 0.7 0.73 0.7 0.7 0.68 0.7 0.64 0.63 0.55 0.52 0.56 0.58 
6/1/99 455 9.5 ·0.35 0.35 0.38 0.37 0.34 0.36 0.35 0.35 0.36 0.41 0.42 0.38 
6/5/99 455 10.8 0.75 0.8 0.69 0.78 0.72 0.74 0.47 0.45 0.46 0.4 0.44 0.44 
6/7/99 455 10.2 0.76 0.8 0.8 0.83 0.83 0.8 0.55 0.52 0.57 0.56 0.55 0.55 
619199 455 12.1 0.99 0.9 0.92 0.91 0.89 0.92 0.63 0.55 0.54 0.56 0.73 0.6 
6/11/99 455 10.2 '0.79 0.81 0.8 0.81 0.85 0.81 0.26 0.01 0.14 0.21 0.39 0.2 
6/16/99 455 10.5 0.75 0.81 0.86 0.78 0.74 0.79 0.66 0.67 0.62 0.65 0.59 0.64 
7/14/99 455 10.2 0.83 0.8 0.8 0.78 0.78 0.8 0.63 0.72 0.75 0.86 0.8 0.75 
7/22/99 455 9.2 0.48 0.5 0.49 0.5 0.51 0.5 0.41 0.39 0.37 0.42 0.43 0.4 
7/27/99 455 10.2 0.22 0.2 0.21 0.24 0.22 0.22 0.05 0.03 0.03 0.01 0.07 0.04 

- 8/25/99 455 11.3 0.79 0.78 0.76 0.74 0.76 0.77 0.61 0.58 0.54 0.52 0.54 0.56 0 
-.....l 

9/1/99 455 9.5 0.23 0.26 0.23 0.27 0.25 0.25 0.15 0.16 0.17 0.17 0.17 0.16 
9/15/99 455 11.2 0.76 0.65 0.62 0.63 0.69 0.67 0.6 0.51 0.48 0.48 0.44 0.5 
Average 0.65 0.43 
(SD) (0.29) (0.20) 
6/9/99 2237 5.6 0.31 0.28 0.3 0.32 0.29 0.3 0.23 0.26 0.25 0.2 0.22 0.23 
6/11199 2237 9.8 0.43 0.44 0.42 0.4. 0.41 0.42 0.15 0.19 0.19 0.21 0.2 0.19 
6116/99 2237 10.2 0.41 0.36 0.35 0.37 0.36 0.37 0.27 0.22 0.18 0.21 0.24 0.22 
7114/99 2237 8.5 0.36 0.35 0.38 0.37 0.36 0.36 0.2 0.22 0.21 0.21 0.17 0.2 
7/22/99 2237 9.5 0.52 0.54 0.57 0.58 0.55 0.55 0.46 0.43 0.4 0.41 0.43 0.43 
7/27/99 2237 7.2 0.42 0.45 0.4 0.42 0.43 0.42 0.26 0.25 0.19 0.29 0.28 0.25 
8/5/99 2237 8.5 0.3 0.33 0.3 0.29 0.28 0.3 0.24 0.23 0.23 0.23 0.23 0.23 
8/25/99 2237 8.5 0.33 0.33 0.32 0.33 0.33 0.33 0.07 0.07 0.06 0.06 0.05 0.06 
Average 0.38 0.23 
(SD) (0.08) (0.10) 



Table 5A. Continued ... 
Surface Velocity (m/s) Bottom Velocity (m/s) 

Date Fish# Depth (m) #1 #2 #3 #4 #5 Ave. #1 #2 #3 #4 #5 Ave. 
8/25/99 2246 23.8 0.44 0.44 0.45 0.4 7 0.4 7 0.45 
Average 0.45 
(SD) N/A 
8/25/99 2228 10.5 0.1 0.08 0.09 0.08 0.08 0.09 0.01 0.01 0.02 0 0.03 0.01 
9/1/99 2228 10.3 0.1 0.11 0.1 0.11 0.09 0.1 0.12 0.09 0.08 0.06 0.08 0.09 
9115/99 2228 5.9 -0.09 -0.08 0.09 0.08 0.06 0.01 0.11 0.07 0.08 0.1 0.1 0.09 
Average 0.07 0.06 
(SD) (0.05) (0.04) 
7/7/99 eddy 9.2 0.08 0.14 0.07 0.04 0.06 0.08 0.1 0.08 0.11 0.06 0.06 0.08 
8/2/99 matn 10.2 0.69 0.67 0.64 0.68 0.72 0.68 0.51 0.43 0.47 0.55 0.49 0.49 

-0 
00 



Table 6A. Water quality survey measurements in the lower Niagara River from May 
through August, 1999. 
Location Date Depth pH Conductivity Dissolved Water 
(rlan) (m) (micromhos/cm) Oxygen Clarity 

(mg/1) (m) 
Surface Bottom Surface Bottom Surface Bottom 

-2.75 5/28/99 11.3 7.62 7.57 264 264 12.73 12.27 1.8 
9.5 5/28/99 9.4 7.63 7.62 263 263 13.66 13.49 
-2.5 5/28/99 7.9 7.56 7.59 262 263 13.35 12.99 1.65 
0.25 6/5/99 6.7 7.7 260 13.03 3.25 
9.6 6/5/99 6.4 7.88 7.89 260 261 13.05 12.92 2.75 
8.75 6/30/99 10.1 7.72 267 10.46 1.75 
lake (west mouth) 6/30/99 12.2 7.95 7.95 299 300 10.65 10.79 8.75 
lake (east mouth) 6/30/99 7.86 272 2.25 
9.5 7/7/99 9.8 7.7 7.7 269 269 9 9.66 1.75 
4.75 7/7/99 8.5 7.2 7.08 268 268 9.9 9.78 1.5 
-1.2 7/14/99 20.4 2 
-1.2 7/14/99 9.4 2.75 
-3.6 7/14/99 7.9 3.5 
-1.6 7/27/99 8.2 3.5 
5.2 7/27/99 10.4 3 
-2.0 7/27/99 7.3 3 
5.2 8/2/99 9.1 8.4 7.89 286 289 5.68 5.8 
7.5 8/2/99 8.7 8.4 7.7 272 274 5.7 5.85 3.5 
-3.3 8/5/99 10.4 7.97 8.04 274 275 5.6 5.6 3.5 
5.05 8/5/99 7.3 8.04 7.92 273 273 5.31 5.22 2.5 
-4.0 8/5/99 7.9 7.84 7.89 272 272 5.29 5.37 3.5 
8.7 8/16/99 10.6 7.95 8.11 266 266 4.47 4.5 
2.0 8/16/99 12.1 8.03 8.12 265 266 4.41 4.4 
-4.9 8/25/99 7.5 8.03 8.47 264 284 2.99 3.14 
-0.6 8/25/99 22.1 8.08 265 3.14 
5.2 8/25/99 7.8 8 8.05 266 266 2.97 3.04 
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Table 7 A. Daily water surface temperatures in the lower Niagara River, 1998 to 2000. 
Date Surface Temp Date Surface Temp Date Surface Temp 

ec) (oC) (oC) 
7/28/98 24 5/29/99 13 9/28/99 20.5 
8/5/98 24 6/1/99 14.5 10/6/99 17 
8/7/98 23 6/5/99 16 10/19/99 15 
8/12/98 23 6/7/99 17.5 12/22/99 8 
8/13/98 23 6/9/99 18 2/9/00 5.5 
8/14/98 23 6/11199 19 3/7/00 5.5 
8/26/98 24 6/16/99 20 3/22/00 6 
8/28/98 24 6/25/99 21 4/20/00 9 
9/18/98 20 6/30/99 21 5/2/00 8 
11/9/98 13 7/7/99 23 5/9/00 11.5 
4/12/99 7 7/14/99 23 5/11/00 11 
4/26/99 6 7/22/99 24 5/24/00 12 
5/5/99 7.5 7/27/99 25 6/6/00 13 
5/6/99 8.5 7/29/99 26 6/7/00 13 
5/11199 10 8/2/99 25 6/15/00 16 
5/17/99 11.5 8/5/99 24 6/19/00 17 
5/18/99 12 8/16/99 23 6/20/00 17 
5/20/99 12 8/18/99 23 6/28/00 19 
5/21/99 13 8/25/99 23 7/13/00 21 
5/25/99 12 911/99 22 7/24/00 21 
5/28/99 13 9/15/99 22 7/31/00 24 
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Table 8A. Summary of percent substrate composition for each video-surveyed section of 
the lower Niagara River, 2000. River kilometer (rlan) approximates the center of the 
section on an upstream to downstream transect. 

High-use %Substrate Composition 
Section Habitat? Sturgeon rkm Sand Mussel Bedrock Gravel Cobble Boulder Vegetation 

1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

(Yes/No) Presence 
No None 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 

None 
None 
Adult 
Adult 
Adult 
Adult 
Both 
Adult 
Both 
Adult 
Both 
Both 
Adult 
None 
None 
None 
None 
None 
None 
None 
Juvenile· 
Juvenile 
Juvenile 
Juvenile 
Juvenile 
Both 
None 
None 
None 

11.8 5 
10.5 10 

60 
75 

10.3 10 0 
10.3 30 20 
10.0 0 0 
10.0 60 0 
9.8 5 5 
9.5 75 20 
9.5 20 5 
9.3 90 10 
9.0 60 5 
8.9 95 5 
8.5 85 15 
8.5 0 75 
8.2 0 75 
8.0 0 0 
7.6 0 5 
7.0 0 75 
6.8 85 5 
6.7 0 75 
6.0 0 100 
6.0 0 75 
5.8 85 10 
5.5 5 40 
5.1 5 45 
5.1 100 0 
5.0 85 10 
4.7 40 40 
4.8 20 80 
4.7 100 0 

Ill 

5 
0 
0 
30 
10 
5 
50 
0 
0 
0 
10 
0 
0 
10 
15 
85 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

20 
0 
0 
0 
50 
15 
40 
0 
60 
0 
10 
0 
0 
5 
5 
10 
5 
0 
5 
0 
0 
20 
5 
35 
20 
0 
0 
10 
0 
0 

5 
15 
0 
0 
35 
10 
0 
5 
5 
0 
10 
0 
0 
5 
5 
5 
80 
0 

5 
0 
0 

5 
0 
10 
20 
0 

5 
5 
0 
0 

5 
0 

0 
20 
5 
0 

0 

0 

5 
0 

5 
0 
0 
5 
0 

0 

0 

25 
0 

25 
0 

0 

0 
10 
10 
0 
0 

0 
0 

0 

0 
0 
90 
0 
0 
10 
0 

0 
5 
0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 
0 

0 



Table 8A. Continued ... 
High-use %Substrate Composition 

Section Habitat? Sturgeon rlan Sand Mussel Bedrock Gravel Cobble Boulder Vegetation 
(Yes/No) Presence 

31 No None 4.5 5 75 10 0 0 10 0 
32 Yes Juvenile 4.3 0 10 10 10 65 5 0 
33 Yes Adult 4.0 80 20 0 0 0 0 0 
34 Yes Adult 3.3 75 25 0 0 0 0 0 
35 No None 2.0 0 50 40 0 5 5 0 
36 No None 1.5 85 0 0 15 0 0 0 
37 Yes Both 1.3 15 75 0 0 10 0 0 
38 No None 0.9 0 70 15 5 5 0 5 
39 Yes Both 0.5 0 10 75 5 10 0 0 
40 No None 0.5 5 0 0 0 5 5 85 
41 Yes Adult 0.1 0 30 0 25 0 45 0 
42 Yes Adult -0.1 80 20 0 0 0 0 0 
43 Yes Adult 0.1 65 0 0 15 15 0 5 

112 



Table 9A. Duration of attachment, type of mount and transmitter model for lake sturgeon 
in the lower Niagara River, 1998 to 2000. A">" preceding the value for retention 
assumes that the tag remained attached to a fish for an unknown period beyond the last 
day that the fish was located or the fish was active at the end of the study. The average 
percent of a fish's total dry weight (in air) for each type of tag (dorsally and scute-
mounted) is shown to indicate whether, on average, tagged fish violated the "2% Rule" 
(Winter 1983 ). 
Fish Total Weight Retention Tag %Dry 
Number Length (kg) (d) Model Weight w/ 

(mm) Mount 
Dorsally Mounted Tags 

347 854 4 >90 CT-82-3 0.83 
338 966 5.2 88 CT-82-3 0.63 
356* 847 3.3 >259 CT-82-3 1.00 
293 1314 19.5 >51 CT-82-3 0.17 
257 1435 25.2 >43 CT-82-3 0.13 
455 1566 33.9 >443 CT-82-3 0.10 
275 1256 14.5 >407 CT-82-3 0.23 
446 1186 15 >225 CT-82-3 0.22 
96 1240 15.5 34 CHP-87-L 0.30 
2237 1021 6.3 >278 CHP-87-L 0.73 
87 1141 11.8 >374 CHP-87~L 0.39 
2246 1081 9.1 >280 CHP-87-L 0.50 
458 1484 24.1 > 105 CHP-87-L 0.19 
567 1440 29.1 > 105 CHP-87-L 0.16 
449 1284 19.1 >95 CHP-87-L 0.24 
558 1573 35.9 >97 CHP-87-L 0.13 
365 1372 17.8 >29 CHP-87-L 0.26 
359 1436 28.2 >47 CHP-87-L 0.16 
Average 1250 17.6 N/A 0.35 
(SD) (228) (10.1) N/A (0.27) 

Scute-mounted Tags 
266 705 2 81 CT-82-3 1.65 
248 866 3.6 108 CT-82-3 0.92 
239 725 1.6 43 CT-82-3 2.06 
356* 886 4.3 14 CT-·82-3 0.77 
374 872 3 35 CHP-87-L 1.53 
2228 775 2.6 78 CHP-87-L 1.76 
5-10 851 3.7 126 CHP-87-L 1.24 
Average 811 3.0 69 1.42 
(SD) (75) (1.0) (41) (0.46) 
* Fish #356 originally received a dorsally mmmted tag, but the tag was scute-mounted after the fish was 
recaptured 
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Table 1 OA. Table of tracked locations (numbered chronologically in the table and its 
corresponding Figures, 7C-30C) for the 24 ultrasonically tagged lake sturgeon in the 
lower Niagara River and Lake Ontario, 1998 to 2000. Each figure and its corresponding 
page number in Appendix C are listed above the first entry for each fish. 
Number Date Location Number Date 

rkm 

Capture 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Capture 
1 
2 
3 
4 
5 

Capture 
1 
2 
3 
4 
5 

Capture 
1 
2 
3 
4 
5 
6 
7 
8 

8/1/98 
8/4/98 
8/5/98 
8/6/98 
8/7/98 
8/11/98 
8/12/98 
8/13/98 
8/14/98 
8118/98 
8/21/98 

8/12/98 
8/14/98 
8/21198 
8/31198 
9/2/98 
9/3/98 

8/14/98 
8118/98 
8/21/98 
8/26/98 
8/31/98 
9/2/98 

8/14/98 
8/18/98 
8/21/98 
8/26/98 
8/31/98 
9/2/98 
9/3/98 
9/9/98 
9/11/98 

Fish #266, Figure 7C (page 139) 
4.75 11 8/26/98 
4.55 12 8/31/98 
5.2 13 9/2/98 
3.7 14 9/3/98 
3.8 15 9/9/98 
5.25 16 9/11/98 
5.35 17 9/18/98 
5.2 18 9/25/98 
5.1 19 9/29/98 
4.75 20 10/9/98 
4.9 21. 10/20/98 

Fish #347, Figure 8C (page 140) 
4.8 6 9/18/98 
-0.6 7 9/25/98 
-0.6 8 9/29/98 
-0.8 9 10/9/98 
-1 10 11/9/98 
-1.7 

Fish #338, Figure 9C (page 141) 
5 6 9/3/98 
9 7 9/11/98 
8.75 8 9/18/98 
8.75 9 9/25/98 
10 10 10/9/98 
8.5 11 11/9/98 

Fish #356, Figure 1 OC (page 142) 
5.1 9 9/18/98 
4.5 10 9/25/98 
4.6 11 10/9/98 
4.7 12 10/20/98 
5.2 13 1119/98 
5.2 14 11120/98 
5.3 15 12/11/98 
4.7 16 4/12/99 
4.9 17 4/26/99 
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Location 
rkm 

4.5 
4.5 
5.2 
5.5 
4.6 
4.3 
1.35 
1.5 
1.6 
1.4 
1.5 

-2.5 
-3.3 
-4.1 
-4.1 
-3.3 

8 
8 
-0.25 
0 
-2.25 
-5 

4.8 
5.05 
5.1 
5.5 
9.5 
5.15 
10.5 
9.5 
9.5 



Table 1 OA. Continued ... 
Number Date Location Number Date Location 

rlan rkm 
Fish# 248, Figure 11C (page 143) 

Capture 8/26/98 5.1 7 9/18/98 5.35 
1 8/28/98 5.1 8 9/25/98 5.25 
2 8/31/98 5.2 9 10/9/98 5.4 
3 9/2/98 5.2 10 10/20/98 5.4 
4 9/3/98 5 11 11/9/98 5.2 
5 9/9/98 5.35 12 11120/98 5.1 
6 9/11/98 5.35 13 12/11/98 5.1 

Fish #239, Figure 12C (page 144) 
Capture 8/28/98 5.75 5 9/11/98 5.3 
1 8/31/98 5.2 6 9/18/98 5.3 
2 9/2/98 5.1 7 9/25/98 5.3 
3 9/3/98 5.1 8 10/9/98 5.5 
4 9/9/98 5.3 

Fish #293, Figure 13C (page 145) 
Capture 4/27/99 5.5 4 5/20/99 -2.4 
1 4/28/99 4.35 5 5/21/99 0 
2 5/4/99 -0.5 6 6/16/99 -4 
3 5/6/99 -3 

Fish #257, Figure 14C (page 146) 
Capture 4/28/99 9.5 6 5/28/99 10 
1 5/4/99 9.25 7 5/29/99 10.15 
2 5/6/99 9.75 8 6/1/99 9 
3 5/11/99 8.85 9 6/5/99 9.6 
4 5/20/99 -2.65 10 6/7/99 9.5 
5 5/21/99 -2.3 11 6/9/99 9.75 

Fish #455, Figure 15C (page 147) 
Capture 4/28/99 4.75 16 6/25/99 10 
1 5/4/99 1 17 6/30/99 8.75 
2 5/6/99 0 18 7/7/99 3 
3 5/11/99 0.2 19 7/13/99 -2 
4 5/20/99 -1.85 20 7/14/99 -1.2 
5 5/21/99 -2.15 21 7/22/99 -1.4 
6 5/28/99 8 22 7/27/99 -5.4 
7 5/29/99 9.9 23 8/25/99 8.5 
8 6/1199 8.75 24 8/27/99 8.6 
9 6/3/99 9 25 9/1199 -3.9 
10 6/5/99 9 26 9/15/99 8.6 
11 6/7/99 8.3 27 10/6/99 9.85 
12 6/9/99 8.9 28 10/7/99 9.85 
13 6/11/99 7.9 29 1118/99 9.5 
14 6/16/99 7.9 30 12/22/99 9.5 
15 6/21/99 8.75 31 3/22/00 10.3 
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Table 1 OA. Continued ... 
Number Date Location Number Date Location 

rkm rlan 
32 4/17/00 10.3 39 5/18/00 10 
33 4/28/00 9.5 40 5/24/00 10.5 
34 5/2/00 9.5 41 5/31/00 10.3 
35 5/9/00 9.5 42 6/7/00 -5.5 
36 5/11/00 9.7 43 6/20/00 5.3 
37 5/15/00 10 44 6/28/00 9.3 
38 5/16/00 10.1 45 7/13/00 1 

Fish #275, Figure 16C, (page 148) 
Capture 5/5/99 5 16 8/5/99 -3.3 
1 5/6/99 4 17 9/1/99 -6.5 
2 5/11/99 6.5 18 9/15/99 -5.8 
3 5/17/99 8.5 19 9/28/99 -3.5 
4 5/19/99 9.5 20 11/8/99 -2.5 
5 615/99 9 21 12/22/99 1 
6 619/99 0 22' 2/9/00 -0.5 
7 6/11/99 -1.5 23 3/7/00 -0.5 
8 6/16/99 -1.9 24 3/22/00 -0.5 
9 6/21/99 -3.5 25 4/24/00 -2.5 
10 6/25/99 -2 26 4/28/00 -1.5 
11 6/30/99 -1.35 27 5/2/00 -2.5 
12 7/13/99 -3.4 28 5/9/00 8.2 
13 7114/99 -1.2 29 5/11100 8.5 
14 7/22/99 -1.5 30 6/15/00 12 
15 7/27/99 -1.6 

Fish #96, Figure 17C, (page 149) 
Capture 5/18/99 5 6 6/5/99 0.25 
1 5/19/99 3.5 7 6/7/99 0.25 
2 5/20/99 -1.5 8 6/9/99 0.25 
3 5/21199 -1.75 9 6/11/99 0.25 
4 5/28/99 -2.5 10 6/16/99 0.15 
5 6/1/99 0 11 6/21/99 0.1 

Fish #2237, Figure 18C, (page 150) 
Capture 6/3/99 5.75 9 7114/99 -3.6 
1 6/7/99 -1 10 7/22/99 -1.8 
2 6/9/99 -0.5 11 7/27/99 -2 
3 6/11199 -2 12 8/5/99 -4 
4 6/16/99 -2 13 8/25/99 -4.9 
5 6/21/99 -2.9 14 9/28/99 -4.3 
6 6/25/99 -2.1 15 11/8/99 -4.3 
7 6/30/99 -3.6 16 3/7/00 -4.3 
8 7/13/99 -3.5 
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Table 1 OA. Continued ... 
Nwnber Date Location Number Date Location 

rlan rlan 
Fish #374, Figure 19C, (page 151) 

Capture 7/16/99 5.75 5 8/5/99 5.05 
1 7/22/99 5.75 6 8/11/99 5.3 
2 7/23/99 5.5 7 8/16/99 5.6 
3 7/27/99 5.2 8 8/19/99 5.35 
4 8/2/99 5.2 

Fish #87, Figure 20C, (page 152) 
Capture 7/23/99 5.1 19 3/22/00 4.4 
1 7/27/99 4.25 20 4/6/00 4.5 
2 8/2/99 5.75 21 4/17/00 4.3 
3 8/5/99 5.1 22 4/20/00 4.3 
4 8/11/99 5.1 23 4/28/00 4.5 
5 8/16/99 5.2 24 5/2/00 3.4 
6 8119/99 5.35 25 5/9/00 3.9 
7 8/25/99 5.2 26 5/10/00 3.9 
8 8/27/99 5.2 27 5/11/00 4 
9 9/1/99 5.35 28 5/16/00 4 
10 9115/99 5.35 29 5/24/00 4 
11 9/28/99 4.5 30 5/30/00 5.35 
12 10/6/99 4.5 31 5/31/00 5.1 
13 10/7/99 4.5 32 6/6/00 8 
14 10/19/99 4.3 33 6/15/00 8.5 
15 11/8/99 3.9 34 6/20/00 8.5 
16 12/22/99 4.4 35 6/28/00 0 
17 219/00 4.4 36 7/13/00 5.7 
18 3/7/00 4.4 37 7/31/00 -1.5 

Fish #2228, Figure 21C, (page 153) 
Capture 8/4/99 9.6 7 8/27/99 9.2 
1 8/5/99 9.6 8 9/1/99 9.2 
2 8/5/99 8.9 9 9/15/99 8.9 
3 8/11/99 9.1 10 9/28/99 9.4 
4 8/16/99 8.7 11 10/6/99 9.6 
5 8/19/99 8.7 12 10/7/99 9.6 
6 8/25/99 9.2 13 10/20/99 9.2 

Fish #2246, Figure 22C, (page 154) 
Capture 8/6/99 5.75 4 9/28/99 -1 
1 8111/99 -0.6 5 3/22/00 -0.7 
2 8/25/99 -0.6 6 4/24/00 -1 
3 9/15/99 -1.1 7 5/11/00 -1 
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Table 1 OA. Continued ... 
Number Date Location Number Date Location 

rkm rkm 
Fish #5-1 0, Figure 23C, (page 155) 

Capture 8/19/99 9.5 4 10/19/99 6.2 
1 9/28/99 9.5 5 10/20/99 8 
2 10/6/99 8.8 6 1118/99 9.2 
3 10/7/99 3.4 7 12/22/99 8.7 

Fish #446, Figure 24C, (page 156) 
Capture 9/29/99 9.6 8 3/22/00 8 
1 10/6/99 8.5 9 4/6/00 8 
2 10/7/99 8.5 10 4/17/00 8 
3 10/20/99 7.8 11 4/20/00 8.5 
4 11/8/99 8.5 12 4/28/00 8.4 
5 12/22/99 8 13 5/9/00 7.5 
6 2/9/00 8 14 5/11/00 8.8 
7 3/7/00 8 

Fish #458, Figure 25C, (page 157) 
Capture 4/18/00 9.5 7 6/7/00 -4.8 
Release 4/18/00 5.1 8 6/19/00 -5.6 
1 4/20/00 6 9 6/28/00 -4.9 
2 4/24/00 1 10 7/13/00 -6 
3 4/28/00 0 11 7/24/00 1 
4 5/2/00 -0.6 12 7/31/00 -1 
5 5/11100 -1.75 
6 5/15/00 -5 

Fish #567, Figure 26C, (page 158) 
Capture 4/18/00 9.5 5 6/7/00 -5.8 
Release 4118/00 5.1 6 6/19/00 -6.3 
1 4/20/00 3.7 7 6/28/00 -5.5 
2 4/24/00 -2.5 8 7/13/00 -1.25 
3 4/28/00 -3.5 9 7/31/00 1.1 
4 5/15/00 -5.9 

Fish #449, Figure 27C, (page 159) 
Capture 4/20/00 9.5 8 5/24/00 11.3 
Release 4/20/00 5.1 9 5/30/00 9 
1 4/28/00 7.7 10 5/31/00 9 
2 5/2/00 9.8 11 6/6/00 0 
3 5/9/00 0.6 12 6/7/00 0 
4 5/10/00 0.6 13 6/20/00 11.1 
5 5/11/00 8 14 6/28/00 -1 
6 5/16/00 11.5 15 7/24/00 -3 
7 5/18/00 9.8 16 7/31/00 -0.8 
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Table 1 OA. Continued ... 
Number Date Location Number Date Location 

rlan rlan 
Fish #558, Figure 28C, (page 160) 

Capture 4/25/00 9.5 7 5/24/00 4.25 
Release 4/26/00 5.1 8 6/7/00 -1.5 
1 4/28/00 4 9 6/19/00 -5 
2 5/2/00 3.3 10 6/28/00 -1.25 
3 5/9/00 4 11 7113/00 -3 
4 5/10/00 4.25 12 7/24/00 -1.2 
5 5/11/00 3.2 13 7/31/00 -1.2 
6 5/15/00 -2.3 

Fish #365, Figure 29C, (page 161) 
Capture 6/14/00 9.5 2 6/28/00 0 
Release 6/15/00 5.1 3 7/13/00 -1 
1 6/19/00 -0.6 

Fish #359, Figure 30C, (page 162) 
Capture 6/14/00 10.2 2' 7/13/00 -4.5 
Release 6115100 5.1 3 7/31/00 -1.5 
1 6/19/00 -4 
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Principles of Underwater Sound 

Underwater Sound Waves 

Sound may be defmed as a propagating pressure wave. Sound is created as an 

object vibrates under water, with sound (acoustic energy) propagating away from the 

source of the mechanical disturbance, consisting of particle movements with a particular 

displacement amplitude and fluctuations ofhydrospheric pressure (p) above and below 

ambient values (Fay 1978). Sound is a form of mechanical energy since acoustic energy 

results from a mechanical vibration that sets up particle motions and stresses in an elastic 

medium (Albers 1965). At any point in space, the pressure p relative to the ambient 

value varies as sin (rot) where t is the time and ro is the angular frequency of the 

oscillation (Figure 1; MacLennan and Simmonds 1992). The frequency of the sound 

wave in hertz (Hz) is defined by f= ro/(27t) (MacLennan and Simmonds 1992). 

In elastic materials such as water, sound waves are longitudinal, meaning that the 

particles of the medium oscillate in the direction of the propagation of the wave 

(Michelsen 1983; Au 1993). The fluctuating sound waves propagate away from the 

sound source at aparticular velocity (c); in water, c ranges from 1450 to 1550 m s -I 

(MacLennan and Simmonds 1992). Sound speed (c) describes the movements of the 

wave-fronts and is defined by c =A/, where A (wavelength) is the distance between 

successive wave-fronts (Figure 1; MacLennan and Simmonds 1992). 
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Figure 1. Diagram of a longitudinal soWld wave (MacLennan and Simmonds 1992). 

There is a relationship between the vibration velocity ( v) of the particles of the 

medium (water) and the sound pressure (p) in which v = plcp, where pis the density of 

the medium (water) (Michelsen 1983). This relationship is important when examining 

the acoustics of sound in water versus air, since water has a much higher density than air. 

The quantity cp is 3500 times greater in water than in air, therefore the vibration velocity 

(v) of the particles is about 3500 times smaller in water than in air (Michelsen 1983). As 

a result of the high density and relative inelasticity of water, sounds are propagated 

through water four or five times faster than air (IIawkins and Myrberg Jr. 1983). 

Sound levels are indicated in decibels (dB). The decibel is a dimensionless unit 

that compares the ratios of different sound intensities. Sound intensity (I) can be defmed 

as the sound energy passing a unit area perpendicular to the direction of propagation of 

the sound wave per unit time and expressed by the formula: I = p 21 cp (Michelsen 1983 ). 
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As sound waves propagate through water, there are many phenomena that affect 

their direction, velocity and transmission and/or reception by aquatic organisms and 

hydroacoustical equipment, including attenuation, absorption, spherical spreading, 

refraction and reflection. 

Attenuation and Absorption 

The degree to which sound waves are transmitted and received effectively is greatly 

dependent upon the aquatic system and any discontinuities (e.g., gas bubbles, suspended 

vegetation) in the water column. Attenuation refers to the reduction in the intensity of 

sound waves caused by discontinuities, absorption, and variations in temperature and 

salinity (in seawater) (Albers 1965). Temperature and salinity variations cause changes 

in the velocity of sound waves and these variations cause distortions in the sound field, 

ultimately affecting the transmission of the waves (Albers 1965). The velocity of sound 

increases as the temperature of water decreases, resulting in bending of sound waves as 

they pass through temperature gradients (Pincock and Voegeli 1992). 

Absorption occurs when 3:coustic energy is taken up by the water and converted to 

heat (Albers 1965). The amount of absorption that occurs in a body of water is 

frequency-dependent. For example, in the ocean an acoustic signal transmitted at 12.5 

kHz is absorbed at 1 dB/km, whereas an acoustic signal transmitted at 70 kHz is absorbed 

at a much higher rate (20 dB/km) (Pincock and Voegeli 1992). 
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Spherical Spreading 

Sound waves undergo spherical spreading or divergence, as they radiate with 

distance from an acoustical source (Pincock and Voegeli 1992). As sound rays diverge 

from a source, the sound intensity of the acoustic signal decreases inversely as the square 

of the distance from the source by the equation: lr I It= 1 I~, where lr is the rate of 

energy flow through a unit area; It is the sound intensity at a range of one yard from the 

source; and r is the distance from the center of the area to the center of the radiating 

sphere (Albers 1965). 

Refraction and Reflection 

When an acoustic signal strikes a boundary between two media with differing 

sound velocities (e.g., thermocline, sea bottom) the acoustic energy may be reflected back 

or transmitted through the boundary (Figure 2; Albers 1965, Pincock and Voegeli 1992). 

MEDIA I MEDIA II 

~ 

Incident 

Figure 2. Sound wave striking the boundary between two different media (Pincock and Voegeli 1992). 

Reflection occurs when the sound wave strikes a boundary and is reflected back at an 

angle different from the incident path of the sound wave. Refraction occurs when the 

sound wave is transmitted through the boundary at an angle different from the incident 

wave. The pressure and density of water determine the velocity of sound at any point in a 
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body of water. Temperature, salinity, depth and pressure can all affect the levels of 

refraction (Albers 1965). 

Shadow Zones and Sound Channels 

The processes of reflection and refraction may have dramatic effects on the 

transmission and reception of sound waves as they encounter varying depths, objects and 

boundaries. Shadow zones can form where no path exists between an acoustic source 

and receiver (Figure 3; Pincock and Voegeli 1992). Additionally, sound channels may 

form when all sound rays leaving an acoustic source are alternately reflected up and 

down as they propagate through the water column (Figure 3; Albers 1965, Pincock and 

Voegeli 1992). The acoustic energy is retained in the sound channel and this reduces the 

loss of sound intensity over large distances (Albers 1965). 

1 REGION II 

REGION 
Ill 

LIMITING RAY 

SOUND 
CHANNEL 

Figure 3. Ray diagram illustrating the formation of shadow zones and sound channels (Pincock and 
Voegeli 1992). 
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Noise· 

Noise or ambient noise, defmed here as any unwanted acoustic signal that will 

interfere with the effectiveness of an acoustic system, can be very problematic for aquatic 

organisms using biosonar or for human-made acoustical instruments (Au 1993). There 

are many sources of acoustical noise, including breaking waves, flow, electronics, 

snapping shrimp, boat propellers and rain. Many factors, such as those mentioned above, 

can greatly influence the noise level of a waterbody at any given instant in time or space. 

For example, heavy rain can raise the noise level 15 to 25 dB (Pin cock and Voegeli 

1992). 

Underwater Biotelemetry 

Ultrasonic versus Radio Telemetry 

Underwater biotelemetry involves attaching a radio or ultrasonic device to an 

aquatic organism that relays biological information or provides a means to monitor and 

collect data on the organism (Winter 1983). Both types of telemetry involve the use of 

tags attached to fish that emit sound frequencies under water that can be detected by a 

receiver at or above the surface of the water. Radio tags emit electromagnetic energy at 

radio frequencies of about 50 to 200 MHz, whereas ultrasonic, acoustic tags operate at a 

much lower frequency of20 to 300kHz (Hawkins and Urquhart 1983). 

There are several advantages and disadvantages to both types of biotelemetry 

methods. First, acoustic energy travels through water with little loss, whereas radio 

waves are rapidly absorbed in water, thus acoustic tags would be more appropriate for 

·deeper(> 10m) waters (Ireland and Kanwisher 1978). Radio waves are severely 

attenuated by salt water, so they are not applicable to ocean systems (Hawkins and 
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Urquhart 1983). Comparatively, acoustic sound waves do not travel effectively through 

air, rendering ultrasonic telemetry useless in applications for that medium. Aquatic 

animals can be located more accurately (<3 to 4 m) with ultrasonic telemetry than with 

radio telemetry (Winter 1983). Unfortunately, air bubbles affect ultrasonic telemetry 

more in turbulent systems. Suspended macrophytes, ambient noise, flow noise, boats and 

thermoclines also reduce acoustic signals (Winter 1983). Generally speaking, radio 

telemetry is an appropriate choice for shallow, fresh water systems, particularly rivers 

and streams, where flow and turbulence have high impacts. 

History and Current Application of Ultrasonic Telemetry 

Ultrasonic telemetry developed during the late 1950s to early 1960s, with the frrst 

work conducted on the movements of chinook salmon of the Pacific Northwest (Stasko 

and Pincock 1977). Over the past 30 years, much research has been conducted on aquatic 

organisms, and the technology and design of ultrasonic tags has improved to include 

many different types of functions and applications. Ultrasonic tags (transmitters) can be 

employed to o~tain inform~tion on physical data (e.g., temperature, depth, velocity) as 

well as physiological data (e.g., heart rate) on study fish (Pin cock and Voegeli 1992). 

Ultrasonic telemetry primarily is used for movement studies in which researchers wish to 

gain knowledge of such characteristics as fish migrations, habitat use, behavioral 

responses to stimuli in the environment, and other life history attributes (e.g., feeding 

habits, die I movements). 
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Fundamentals of Ultrasonic Telemetry 

The device attached to the aquatic animal that emits a signal is called a transmitter 

or acoustic tag (Winter 1996). The transmitter is termed a transponder if it returns a 

response signal to one sent to it (Stasko and Pincock 1977; Winter 1983). The basic 

components of a transmitter include a transducer, battery, electronics and encapsulation 

(Figure 4; Stasko and Pincock 1977). The transducer converts an electrical pulse into 

sound pressure that is transmitted as a wave of pressure out into the water column 

(Brandt 1996). The battery is the largest part of the transmitter and is most often a 

lithium cell in ultrasonic tags produced today (Pincock and Voegeli 1992). Transmitters 

are generally encapsulated in epoxy resin or some other watertight material. Transducers 

in acoustic transmitters are made of piezoelectric materials, which change shape when a 

voltage source is connected to them. This changing of shape converts electrical energy to 

mechanical energy, generating pressure waves in the surrounding water (Ireland and 

Kanwisher 1978). 

These pressure waves, ultrasonic signals, are received by a hydrophone 

submerged und~ water. Signals from the transmitter produce vibrations in the 

transducers, usually in an array, within the hydrophone (Figure 5; Winter 1983). The 

vibrations are converted to electrical impulses and sent to the receiver. The receiver can 

be set to receive and measure only certain frequencies corresponding to the acoustic tags 

attached to the fish. The receiver also converts the electrical signal to a frequency that 

will be audible to the human ear via headphones or some other listening device. 
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Figure 4. Internal view of the components of an ultrasonic transmitter (Hawkins and Urquhart 1983 ). 
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Pressure 
Release 

Linear Array 
of Transducers 

Figure 5. The major components of a directional hydrophone (Stasko and Pincock 1977). 

Hydrophones may be either omnidirectional or directional. Omnidirectional 

hydrophones receive signals in all directions. Directional hydrophones have a linear 

array of transducers surrounded by a cone that detects the acoustic signal strongest from 

the direction from which it is emanating from (Winter 1983). When a directional 

hydrophone is positioned drrectly over a transmitter, the signal will be heard equally in 

all directions. 

Problems may arise with the acoustical phenomena such as absorption, spherical 

spreading and noise when conducting ultrasonic telemetry studies. It is critical that 

researchers conduct pilot studies and obtain knowledge of their aquatic system of study 

before making the decision to use acoustic over radio telemetry. 
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APPENDIXC 

Maps of Fish Locations in the Lower Niagara River and its 

Confluence with Lake Ontario, Figures 1 C - 30C 
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APPENDIXD 

Graphs ofFish Movements in the Lower Niagara River and its 

Confluence with Lake Ontario, Figures lD - 24D 
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Figure 1D. Movements ofFish #266 in the lower Niagara River, 1998. Positive 
river kilometers represent the distance in the river upstream from the mouth (rkm 
= 0) and negative river kilometers represent the distance from the mouth in Lake 
Ontario. 
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Figure 2D. Movements ofFish #347 in the lower Niagara River and Lake 
Ontario, 1998. Positive river kilometers represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are dashed between fixes when 
the interval between attempts to find the fish was greater than 14 days. 
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Figure 3D. Movements ofFish #338 in the lower Niagara River and Lake 
Ontario, 1998. Positive river kilometers-represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are dashed between fixes when 
the interval between attempts to find the fish was greater than 14 days. 
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Figure 4D. Movements ofFish #356 in the lower Niagara River, 1998-1999. 
Positive river kilorneters represent the distance in the river upstream from the 
mouth (rlan = 0) and negative river kilometers represent the distance from the 
mouth in Lake Ontario. Lines are dashed between fixes when the interval 
between attempts to find the fish was greater than 14 days. 
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Figure 5D. Movements ofFish #248 in the lower Niagara River, 1998. Positive 
river kilometers represent the distance in the river upstream from the mouth (rkm 
= 0) and negative river kilometers represent the distance from the mouth in Lake 
Ontario. Lines are dashed between fixes when the interval between attempts to 
find the fish was greater than 14 days. 
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Figure 6D. Movements ofFish #239 in the lower Niagara River, 1998. Positive 
river kilometers represent the distance in the river upstrean1 from the mouth ( rkm 
= 0) and negative river kilometers represent the distance from the mouth in Lake 
Ontario. 
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Figure 7D. Movements ofFish #293 in the lower Niagara River and Lake 
Ontario, 1999. Positive river kilometers represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are broken between fixes when 
the fish was not located despite attempts to find it in. both the river and lake study 
areas. 

Figure 8D. Movements ofFish #257 in the lower Niagara River and Lake 
Ontario, 1999. Positive river kilometers represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. 
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Figure 9D. Movements of Fish #455 in the lower Niagara River and Lake 
Ontario, 1999-2000. Positive river kilometers represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are dashed between fixes when 
the interval between attempts to find the fish was greater than 14 days. Lines are 
broken between fixes when the fish was not located despite attempts to find it in 
both the river and lake study areas. 

12 

10 

8 

6 

4 I 
2 

0 

-2 

-4 
-6 

-----,!!_:-~. 
.-~- .. .. -'. -- -., , ... -.-.- -· -

-8 

M AM J J AS 0 N D J F M AM J J 

1999 Date 2000 

Figure lOD. Movements ofFish #275 in the lower Niagara River and Lake 
Ontario, 1999-2000. Positive river kilometers represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are dashed between fixes when 
the interval between attempts to find the fish was greater than 14 days. Lines are 
broken between fixes when the fish was not located despite attempts to find it in 
both the river and lake study areas. 
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Figure liD. Movements ofFish #96 in the lower Niagara River and Lake 
Ontario, 1999. Positive river kilometers represent the distance in the river 
upstream from the mouth (rkm = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are broken between fixes when 
the fish was not located despite attempts to find it in both the river and lake study 
areas. 
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Figure 12D. Movements ofFish #2237 in the lower Niagara River and Lake 
Ontario, 1999-2000. Positive river kilometers represent the distance in the river 
upstream from the mouth (rlan = 0) and negative river kilometers represent the 
distance from the mouth in Lake Ontario. Lines are dashed between fixes when 
the interval between attempts to find the fish was greater than 14 days. Lines are 
broken between fixes when the fish was not located despite attempts to find it in 
both the river and lake study areas. 
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Figure 13D. Movements of Fish #374 in the lower Niagara River, 1999. Positive river 
kilometers represent the distance in the river upstream from the mouth (rkm = 0) and 
negative river kilometers represent the distance from the mouth in Lake Ontario. 
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Figure 14D. Movements ofFish #87 in the lower Niagara River and Lake Ontario, 1999-
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (rkm = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are dashed between fixes when the interval between attempts to find 
the fish was greater than 14 days. Lines are broken between fixes when the fish was not 
located despite attempts to find it in both the river and lake study areas. 
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Figure 15D. Movements ofFish #2228 in the·lower Niagara River, 1999. Positive river 
kilometers represent the distance in the river upstream from the mouth (rkm = O) and 
negative river kilometers represent the distance from the mouth in Lake Ontario. 
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Figure 16D. Movements of Fish #2246 in the lower Niagara River and Lake Ontario 
1999-2000. Positive river kilometers represent the distance in the river upstream fro~ 
the mouth (rkm = 0) and negative river kilometers represent the distance from the mouth 
in Lake Ontario. Lines are dashed between fixes when the interval between attempts to 
find the fish was greater than 14 days. Lines are broken between fixes when the fish was 
not located despite attempts to find it in both the river and lake study areas. 
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Figure 17D. Movements of Fish #5-1 0 in the lower Niagara River, 1999. Positive river 
kilometers represent the distance in the river upstream from the mouth (rlan = 0) and 
negative river kilometers represent the distance from the mouth in Lake Ontario. Lines 
are dashed between fixes when the interval between attempts to find the fish was greater 
than 14 days. Lines are broken between fixes when the fish was not located despite 
attempts to find it in both the river and lake study areas. 
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Figure 18D. Movements of Fish #446 in the lower Niagara River, 1999-2000. Positive 
river kilometers represent the distance in the river upstream from the mouth (rkrn = 0) 
and negative river kilometers represent the distance from the mouth in Lake Ontario. 
Lines are dashed between fixes when the interval between attempts to find the fish was 
greater than 14 days. Lines are broken between fixes when the fish was not located 
despite attempts to find it in both the river and lake study areas. 
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Figure 19D. Movements ofFish #458 in the lower Niagara River and Lake Ontario, 
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (rkm = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are dashed between fixes when the interval between attempts to find 
the fish was greater than 14 days. 
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Figure 20D. Movements ofFish #567 in the lower Niagara River and Lake Ontario, 
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (rlan = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are dashed between fixes when the interval between attempts to find 
the fish was greater than 14 days. Lines are broken between fixes when the fish was not 
located despite attempts to find it in both the river and lake study areas. 
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Figure 21D. Movements ofFish #449 in the lower Niagara River and Lake Ontario, 
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (rkm = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are broken between fixes when the fish was not located despite 
attempts to find it in both the river and lake study areas. 
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Figure 22D. Movements of Fish #558 in the lower Niagara River and Lake Ontario, 
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (dan = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are dashed between fixes when the interval between attempts to find 
the fish was greater than 14 days. 
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Figure 23D. Movements ofFish #365 in the lower Niagara River and Lake Ontario, 
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (rkm = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are dashed between fixes when the interval between attempts to find 
the fish was greater than 14 days. 
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Figure 24D. Movements ofFish #359 in the lower Niagara River and Lake Ontario, 
2000. Positive river kilometers represent the distance in the river upstream from the 
mouth (rkm = 0) and negative river kilometers represent the distance from the mouth in 
Lake Ontario. Lines are dashed between fixes when the interval between attempts to find 
the fish was greater than 14 days. Lines are broken between fixes when the fish was not 
located despite attempts to find it in both the river and lake study areas. 
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