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Abstract  
 

This manuscript provides a picture of the genetic polymorphism of Otsego Lake 

lake trout, an indication of lake trout annual patterns of movement and an account of 

spawning sites and recruitment levels in two shallow water locations.  Wild populations 

of lake trout are augmented within the lake by stocking.  Stocking first occurred in the 

mid- 1800’s from a private hatchery located near five-mile point supplied with eggs and 

fry from the State of Michigan (Royce 1943).     

Using techniques such as Polymerase Chain Reaction (PCR) and analysis of 

Random Amplified Polymorphic DNA (RAPD), we describe the diversity of lake trout in 

Otsego Lake.  Natural reproduction was first documented in Otsego Lake in the mid 

1940’s (Sanford 1984).  In addition to the Michigan sources, lake trout have been stocked 

into Otsego Lake from Seneca Lake in the Finger Lakes region, and from Saranac Lake 

in the Adirondacks (US Commission of Fish and Fisheries 1877). We expected several 

combinations of each strain or single populations of each strain to be present in the lake.  

We examined strains of fish from the Finger Lakes and Adirondack sources and were 

able to document individuals with these strain characteristics, a hybrid of these two 

strains, and a fish of unknown origin, possibly a strain from Michigan or a strain endemic 

to Otsego Lake. 

In recent years, the stratum of water providing suitable cold-water fish habitat (< 

15o C, > 5 mg/l oxygen) has been reduced to less than 10 meters by mid-fall (20% of its 

volume prior to overturn) (Harman et al., 1997). Lake trout have been observed leaving 

the lake via the Susquehanna River during those same periods.  In order to determine any 

effects of reduced habitat on behavioral patterns, we tracked six mature lake trout using 
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sonic telemetry and observed no out-of-lake migration.  This suggests lake trout are 

generally tolerant, surviving comparatively poor water quality conditions.   

 We documented successful reproduction for the first time since it was observed in 

the mid 1940’s (Royce 1943).  The majority of lake trout in Otsego Lake spawn from 

October 20 to November 1, when temperatures reach 10-12o C.  Survival of wild lake 

trout in Otsego Lake appears to produce two thirds of the total population of mature lake 

trout in Otsego Lake.  The spawning environment is marginal for lake trout; levels of silt, 

the potential for excess dissolved organic matter, lake trout spawning depth and limited 

substrate depth and stone size may impact future recruitment.  Spawning lake trout are 

subject to predators such as bald eagles and great blue herons and their eggs were 

observed being consumed by carp.  Additional spawning areas may be present at other 

sites near-shore or on deeper substrates.   We concluded that the Bissel Point spawning 

area should be protected and/or enhanced. 
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Part 1: Introduction  
Lake Trout Life History and Ecology 
 
Taxonomic Status of Lake Trout  

 In the Salmonidae, the nature and placement of vomerine teeth are important 

taxonomic features. In lake trout, the vomerine teeth are on a crest that extends 

backwards from the front part of the prevomer bone.  This character was previously 

considered sufficient to place the lake trout in its own genus, Cristivomer namaycush 

(Bean 1903).  However, although there is some variation in lake trout, a resemblance to 

chars has resulted in their placement in the genus Salvelinus as first described by 

Walbaum in 1792 after Pennant in 1784 placed them in the genus Salmo.  The species 

designation namaycush is a Native American name for lake trout.  

Identification and Description 

 The lake trout is identified by its elongated body with a distinctly forked tail and 

its color pattern of white spots on a silvery-gray background, shading to white on the 

belly.  Its short anal fin separates it from the Pacific salmons and its fine scales identify it 

as a char (Smith 1985).  Lake trout are related to brook trout but have some critical 

differences.  In addition to body and tail configuration, the brook trout has red spots  and 

the lake trout does not; the lake trout has more gill rakers (16 to 26 in lake trout and 14 to 

22 in brook trout), and more than 92 pyloric caeca (fewer than 55 in brook trout) (Smith 

1985).   The mouth of lake trout is well developed with teeth on their jaws, head of 

vomer, palatines, tongue, and basibranchial, and its head is large and terminal, and 

maxillary extending well past the eye (Smith 1985).  Juvenile lake trout have 7 to 12 

irregular and variable parr marks.  These patterns will vary between localities.  Adult 
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males rarely develop the hooked jaws that characterize the breeding males of other 

salmonids (Smith 1985).  The largest lake trout on record was 126 cm long and weighed 

46.3 kg (Smith 1985).  It was taken in Lake Athabaska, Saskatchewan, Canada.  The 

present New York record is 14 kg and was taken in Follensby Pond, NY in 1922.  The 

World angling record is 29.5 kg (Smith 1985).   

Life History 
  
 Lake trout spawn between September and December, depending on geographical 

location and hatchery origin (Royce 1943).  Although they usually spawn in lakes, some 

Canadian populations spawn in rivers (Smith 1985).  Depth of spawning varies from 0.5 

meter to 65 meters (Royce 1943, Galigan 1962, Smith 1985, Bronte 1993, Perkins and 

Krueger 1994, Marsden 1994).  Spawning is triggered by a sudden drop in water 

temperature as well as strong winds and storm events, typically during fall turnover 

(Royce 1943, Smith 1985).  A spawning period lasts 5 to 20 days at any one location with 

many fish or several small areas involving only one or two females and several males 

(Royce 1943, Smith 1985). Like many salmonids, female and male lake trout will fan the 

substrate clean using their caudal fins, snout and lateral fins.  The fish move onto 

spawning beds in the late afternoon, remain through the early hours and then move out to 

areas of high repose during daylight hours (Smith 1985).  Males typically develop shiny 

dark horizontal bands on the sides and dark areas around the head while the top of the 

body becomes very pale (Royce 1943, Smith 1985).  Males often will reach spawning 

areas well before females, usually making up 60 to 80 percent of the spawning 

population. Each female will produce between 800 and 2500 eggs/kg (4.5 kg fish produce 

approximately 18,000 eggs) (Royce 1943, Smith 1985).  Lake trout are broadcast 
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spawners, the average density of eggs being approximately 20 to 50 per meter square.  

Hatching takes approximately 4 months (Royce 1943, Smith 1985).  Maturity is usually 

between 6 and 7 years of age when the fish are 53 cm to 78 cm.  Some lake trout retain 

their homing tendencies and return to the same area for spawning each year (Marsden et 

al. 1995).  This behavior is accomplished by the attraction to dissolved ions (chemically 

stimulated) in the water and habitat recognition (substrate stimulated) either or both 

imprinted during their post hatch stage of life (Young and Oglesby 1972, Moyle and 

Cech 2000).  Trout select new areas through active seeking, usually when habitat 

requirements for spawning are no longer met (McAughey and Gunn 1995, Gunn and Sein 

2000).  

Competition 
 
 Competition with other resident fish species appears to have a strong influence on 

the success of stocked lake trout (Gunn et al. 1987). According to Powell et al. (1986), 

competition with other species of the deepwater (hypolimnetic) fish community, 

particularly the coregonids (cisco, Coregonus  artedii and lake whitefish, C.  

clupeaformis), may be responsible for poor survival and growth of introduced lake trout 

into small lakes.  Competition for food with large populations of coregonids affects lake 

trout growth (Powell et al. 1986).  Studies of hatchery-raised lake trout and other 

salmonids have not yet adequately determined the effects of various factors such as 

stocking season, fish size and strain, and stocking rate (Gunn et al. 1987). Abundances 

and survival of stocked salmonids of different species can significantly increase 

competition with both stocked and indigenous strains of lake trout. 



 12 

 Typically, larger lake trout have higher survival rates than smaller trout. Primarily 

stocked conspecific fish have a higher chance of survival than subsequently stocked 

conspecific fish (Gunn et al. 1987).  Based on studies of lakes with augmented trout 

populations, survival of lake trout in subsequent stocking events can drop (Gunn et al. 

1987).  Survival of fall-stocked fish can be significantly higher than spring-stocked trout.  

Even indigenous lake trout populations can have adverse effects on stocked hatchery 

raised lake trout (Purych 1977, MacLean et al. 1981,Gunn et al. 1987). 

Introduction of new species is the major factor affecting changes in the pelagic 

fish fauna in Otsego Lake (Foster 1995).  The introduction of alewives (Alosa 

pseudoharengus) in1986, has caused drastic declines in native fish, i.e., cisco, lake 

whitefish and rainbow smelt (Osmerus mordax) populations, assumed due to competition 

for food among these planktiverous fish and consumption of their fry by alewives.  

Feeding 
 
 Lake trout fry feed on small zooplankton (< 0.150 mm).  As they grow, their diet 

changes to larger zooplankton (> 0.250 mm), insects, amphipods, and small fish (Elrod 

and O’Gorman 1991).  Little data have been collected on feeding fry, therefore 

knowledge of sources of their diets and movements after hatch are not well understood.  

Adult lake trout commonly feed on deep water fish such as ciscoes and lake whitefish, 

rainbow smelt, alewives, and sticklebacks (Gasterosteidae).  Periodically they consume 

fish in the warm upper layer (epilimnion) of a lake, such as yellow perch (Perca 

flavescens), white suckers (Catostomus commersoni), and various minnows (Young and 

Oglesby 1972, Smith 1985).   
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Habitat 
 
 Lake trout are usually found at or near the bottoms of well-oxygenated lakes.  

They typically are found in water temperatures between 10° C and 14° C.  Periods of brief 

feeding above the thermocline and in near-shore zones of a lake are typical (Bronte 

1993). Lake trout are usually confined to deep and cold parts of lakes, but in Northern 

Canada they can be found in cold surface water (Smith 1985).  They do not enter the sea, 

but can tolerate brackish water.  Further information is needed to understand the behavior 

of lake trout in lakes with limited food availability and those with epilimnetic primary 

food sources such as alewives and the coregonids.   

Distribution 
 
 Lake trout populations within North America range over glaciated regions.  It is 

the only freshwater fish that can be found in Alaska and northern Canada that does not 

extend into Siberia. Lake trout have been introduced widely throughout the United States.  

The natural range of lake trout in New York State includes Lake Erie, Ontario, and 

Champlain, and the Adirondacks, the Finger Lakes, and Otsego Lake (Plosila 1977).  The 

lake trout’s introduced range includes lakes in Sullivan, Westchester, and Putnam 

counties.  It has been reported that 121 lakes in New York contain lake trout (Plosila 

1977).  Lake trout have disappeared from 34 of these lakes; in more than half of these 

they have disappeared since the 1930s.  Habitat deterioration leading to the reduction in 

spawning habitat, reduced dissolved oxygen levels, over-fishing, and pesticide use have 

been the primary causes of their decline (Gunn 2000, Plosila 1977, Purych 1977). 
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Otsego Lake Trout Food and Growth 

Early findings from lake trout stomachs in Otsego Lake (Sanford 1984) indicate 

that lake trout feed on an array of fish including yellow perch, lake trout, sculpins, cisco, 

and midges (Chironomidae family), both larvae and pupae.  Before the introduction of 

alewives, sculpins and chironomids were the primary source of food (Sanford 1984).  

Today alewives and chironomids are the primary source of food for lake trout (High 

2003).  A single lake trout was observed to have consumed over 180 midges in early June 

(High 2003).  Alewives comprised 78.9% percent composition by dry weight (PCW) in 

all lake trout observed (N= 68).  During the months of August, October and February, 

alewives made up over 90% of the lake trout’s diet (N=53).  Other fish found in lake trout 

stomachs included single individuals of slimy sculpin (Cottus cognatus), largemouth bass 

(Micropterus salmoides), and creek chub (Semotolis atromaculatus), each found in 

separate lake trout stomachs (High 2003).  Large lake trout generally feed on pelagic prey 

(alewives, ciscos, yellow perch, lake trout), but trout larger than 57.2 cm (Sanford 1984) 

and even as large as 65.0 cm (High 2003) have been reported to consume chironomids, 

which indicates lake trout are opportunistic feeders in Otsego Lake. 

Thiamine and Thiaminase   
 

Thiamine (vitamin B-1) deficiency, often referred to as the Cayuga Syndrome or 

Early Mortality Syndrome (EMS) (Fitzsimons 1995), causes reproductive failure in 

Finger Lakes Atlantic salmon and Great Lakes lake trout populations.  Evidence suggests 

that only those salmonids with diets of almost entirely alewives exhibit EMS (Fisher et 

al. 1995a).  Alewife-dominated lakes have high thiaminase activity and Atlantic salmon 
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and lake trout often exhibit the neurological signs that indicate thiamine deficiency 

(Fitzsimons 1995).   

Thiamine therapy can significantly reduce the mortality associated with EMS 

(Fisher et al. 1996).  Vitamin therapy in Atlantic salmon sac fry was tested in other lakes 

using thiamine hydrochloride and determined to eliminate the EMS syndrome in all 

treatments (Fisher et al. 1996).  Thiamine concentrations in lake trout were greatly 

reduced after treatments with dietary amprolium, a thiamine antagonist fed to brood stock 

before spawning (Honeyfield et al. 1997).   

Early Mortality Syndrome (EMS) and Lake Trout Fry 
 

A study using native lake trout strains afflicted with EMS compared to that of 

non-afflicted stocked strains indicated that an alewife diet was associated with the 

syndrome (Fitzsimons 1995).  Lake trout eggs tested in a less diverse forage base (Lake 

Ontario) have indicated higher mortality rates in the early development of lake trout fry 

(Fisher et al. 1996). Survival of larval salmon with thiamine deficiency in Lake Ontario 

was observed to be less than 5% after yolk sac absorption (Fisher et al. 1996).   

 Those lake trout that inhabit colder water, below the thermocline, have a more 

diverse diet and therefore have higher thiamine levels preceding fall spawning events 

(Fisher et al. 1996, Jude et al. 1987).  Atlantic salmon may be more sensitive than lake 

trout to EMS due to the epilimnetic habitat association between alewife and Atlantic 

salmon.  Thiamine retention time in lake trout was determined to be longer than 7 

months, with liver cells containing 34 % of the thiamine and 11% retained in the blood 

cells (Ying et al. 1996).  These findings support the hypothesis that those lake trout with 

an almost exclusive alewife diet may in fact have deficiencies in vitamin B-1; therefore 
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their offspring may be at a high risk for EMS.  Early mortality syndrome and thiamine 

deficiency has not been tested on lake trout fry or adult lake trout in Otsego Lake.  It 

seems prudent to examine thiamine levels among Otsego lake trout given the amount of 

alewife in their diets.     

Nature of Otsego Lake Fishery 
 
 Local sport fishermen have taken lake trout in Otsego Lake by almost every legal 

angling method.  Early references to methods of lake trout fishing in Otsego Lake include 

trolling with light flutter spoons and heavy record spoons under low light conditions.  

Lake trout are often considered to be a good eating fish and moderate to good game fish, 

but season and diet modify these qualities.  Lake trout can be caught at any time during 

the winter months, when they are primarily schooled in deep-water refuge areas.  

However, summer stratification often reduces lake trout activity, and only early morning 

and late afternoon angling may be productive.     

Fishing Quality  
 
 The Otsego Lake trout fishery has been a subject of passionate local interest 

(Sanford 1984, McBride and Sanford 1997).  A standard measure of fishing quality is 

often Catch per Fisherman Hour.  This measure is defined as the average number of fish 

caught per angler for each hour of fishing effort.  Fishing success varies considerably 

among anglers, seasons of the year, and among lakes.  The average catch per hour is 

calculated using data collected from all anglers, ranging from novice to expert.  The catch 

per hour is generally highest in May and June, according to the New York State 

Department of Environmental Conservation (NYSDEC) 2003 Otsego Lake creel survey.  

However, cold weather lake trout anglers on Otsego Lake often experience above average 
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yields on the ice. Lake trout anglers catch both stocked Adirondack and Finger Lakes 

strains and naturally occurring (wild) lake trout (McBride and Sanford 1997).  Wild, 

lake-spawned trout make a significant contribution to the lake trout fishery in Otsego 

Lake (Sanford 1984, McBride and Sanford 1997). Wild fish can be differentiated from 

stocked fish because all stocked fish are marked with a fin clip. Typically, Finger Lakes 

strain individuals are light in color with some yellow on their fins.  In contrast, those 

from the darker colored Adirondack waters mimic their native habitats having orange or 

distinctly yellow paired fins.  Adirondack strains have slower growth rates than Finger 

Lakes strain, as well as more elongated bodies (Sanford 1984, McBride and Sanford 

1997). Wild lake trout have faster growth rates than stocked trout (Sanford 1984, 

McBride and Sanford 1997).  Lake trout in Otsego Lake, whether stocked or native, 

seldom mature until they reach 53.3 cm in length (Sanford 1984, McBride and Sanford 

1997).  

Fishing Regulations and Management History 
  
 As in many New York lakes, Otsego Lake fish populations are augmented 

through planting of hatchery reared fish.  Hatchery reared lake trout have been obtained 

from both the Adirondack and Finger Lakes regions.  Segregation of these fish within the 

hatchery systems due to water quality requirements seems to not affect either of these 

strains within Otsego Lake.  Harvest regulations from 1890 to 1976 included an open 

season from April 1 to Sept. 30, a 3 fish limit, and a 38 cm (15”) minimum size limit 

(Sanford 1984).    In early spring of 1976, a 53.3 cm (21”) minimum size limit was 

imposed with a 3 fish daily creel limit (Sanford 1984).  Today, lake trout regulations 

allow anglers to fish year-round (McBride and Sanford 1997).  Later, a slot limit 53.3 cm 
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to 71.0 cm  (21” to 27”) allowed anglers to take two in the slot or one over 71.0 cm (27”) 

and one in the slot for a total of two fish per day. As of 2006, only one fish over 53.3 cm 

(21”) can be creeled.  

Otsego Lake Trout Study Background 
 

Otsego Lake is a glacially-formed over deepened river valley in East-Central New 

York.  Similar in origin to the Finger Lakes in the Oswego river drainage, Otsego Lake 

(42° 45’ N-74° 54’ W, 364.1 meters above sea level) is oriented north-south and has a 

maximum depth of 50 meters (168 ft).  Its steep sides and narrow littoral zones are 

characteristic of Finger Lakes (Harman et al. 1980).  Otsego Lake has been considered 

oligotrophic due to its high transparencies, low nutrient levels and low rates of 

hypolimnetic oxygen consumption (Harman et al. 1997).  However, intensive 

investigations by the State University of New York College at Oneonta’s Biological Field 

Station (BFS) have documented substantial shifts toward eutrophy over the last 20 years 

(Harman et al. 1997).  In recent years, mid-water (metalimnetic) oxygen concentrations 

have been reduced to < 4 mg/l (Albright 2002). 

Stocking of juvenile lake trout reared in hatcheries is one of several management 

methods used to augment a self-sustaining population of lake trout in Otsego Lake 

(Sanford 1984, McBride and Sanford 1997).  Public concern for the fishery has enabled 

local lake enthusiasts to acquire resources used for water quality improvement.  Since 

1996, approximately $2.5 million has been spent to reduce nutrient inputs into Otsego 

Lake. Sources of funds include the Environmental Quality Incentive Program (EQIP) 

(administered through the USDA), the NYS Environmental Protection Fund, Wetland 

Restoration and Protection, Agricultural Environmental Management, the Conservation 
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Reserve Program and NYS Bond Act, however most support is derived from local 

foundations and citizens.  Research evaluating the success of those efforts is ongoing 

(Harman et al. 1997).  Additional efforts focus on reducing the population of alewives, an 

exotic fish which through trophic cascade interactions have contributed to symptoms of 

eutrophy (Harman et al. 2002).  The NYSDEC and the Otsego Lake Watershed Council 

are supportive of this research, which will provide insight into local lake trout strain 

diversity, behavior in the presence of environmental stressors (low oxygen) and will 

indicate natural reproduction levels of lake trout in Otsego Lake.  

Overview of Objectives 
 
 Lake trout populations have been augmented in Otsego Lake since the late 1800s, with 

many of these fish reared locally from outside stocks.  Today there is reason to believe that 

Otsego Lake harbors a unique wild strain of lake trout that has survived the environmental 

stressors that have occurred since the introduction of alewives.  The first objective of this study 

was to identify the genetic patterns of Otsego Lake lake trout of both stocked and naturally 

reared lake trout.   

A common top-down trophic management technique is to stock game fish in an 

attempt to increase piscivore (predator) abundance resulting in reduced planktivore (i.e. 

alewife) populations.  Alewives have dramatically changed the food web and the clarity 

of Otsego Lake water (Harman et al. 2002).  In some years the stratum of water providing 

suitable cold-water fish habitat (< 15o C, > 5 mg/l oxygen) has been reduced to less than 

10 meters by mid-fall (20% of its potential) (Harman et al. 1997). This reduction in lake 

trout habitat is believed responsible for the emigration of lake trout from the lake down 

the Susquehanna River.  The second objective of this study was to evaluate the 
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movements of adult lake trout using sonic telemetry to determine if emigration patterns 

do exist in relation to the reduction of oxygen levels and to document spawning activity. 

It is also important to understand that zooplanktivory has increased dramatically since 

the introduction of alewives, leading to lower zooplankton biomass and smaller zooplankton 

mean body size (Harman et al. 1997).  The resultant reduced grazing has lead to higher algal 

standing crops causing reduced clarity and increased dissolved organic matter throughout the 

lake (Harman et al. 1997).   Lake trout spawning habitat may be reduced due to increasing 

organic debris and silt deposition within interstitial spaces (Manney et al. 1989, Krueger 1994, 

Marsden et al. 1995, Fitzsimons 1995).  Availability of appropriate spawning habitat may limit 

successful recruitment in Otsego Lake. Preliminary SCUBA surveys indicate that a lack of 

suitable spawning habitat in Otsego Lake may limit successful reproduction to small, localized 

sites (Lord 1999).  Therefore the third objective of this study is to investigate the ability of lake 

trout to spawn successfully, despite a sub-optimal spawning environment. 

Overview of objectives: 

(1) Use RAPD (Random Amplified Polymorphic DNA) to identify genetic patterns of Otsego  

Lake lake trout, both stocked and naturally reared. 

(2) Evaluate Otsego Lake trout movements and emigration patterns using sonic telemetry. 

(3) Investigate the ability of lake trout to spawn successfully, despite a seemingly sub-optimal 

spawning environment. 
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Part 2: Otsego Lake Trout Strains 

Introduction 

Randomly amplified polymorphic DNA (RAPD) has been used to examine a 

variety of issues such as: determining parentage (Levitan and Grosberg 1993), typing 

strains (Dweikat et al. 1993, Koller et al. 1993), and examining intraspecific population 

structure (Russell et al. 1993, Gibbs et al. 1994).  RAPD phenotypes have not been 

standardized (Hadrys et al. 1992), and there is evidence that fragments generated by 

RAPD primers are not always inherited in a Mendelian fashion (Carlson et al. 1991, 

Reiter et al. 1992).  However, inheritance of RAPD molecular phenotypes have been 

reported in lake trout, confirming that certain RAPD markers can be considered 

Mendelian traits of freshwater trout (Levitan and Grosberg 1993, Stott et al. 1997). 

Randomly amplified polymorphic DNA markers may be used to examine strain diversity 

(Dweikat et al. 1993, Koller et al. 1993), and intraspecific population structure (Russell 

et al. 1993, Gibbs et al. 1994).  To address questions related to the impact of stocking on 

wild populations, additional genetic markers are needed in lake trout.       

 This study seeks to apply RAPD markers to assist in tracking and managing the 

lake trout population of Otsego Lake.  The wild lake trout population in Otsego Lake has 

been augmented by stocking most years since at least 1872 (McBride and Sanford 1997).  

Many of these fish were reared and stocked by a private fish hatchery on the west-shore 

of Otsego Lake.  The eggs and fry were provided by either the Adirondack or Seneca 

Lake fish hatchery systems, which received eggs from outside New York (Blackford et 

al. 1891).  During the periods from 1872 through 1877, this private hatchery raised and 

stocked at least 286,000 lake trout (Blackford et al. 1891).  Regular stocking of lake trout 
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by the state began in 1922 with Adirondack and Seneca Lake strain lake trout (McBride 

and Sanford 1997).    Recent Adirondack lake trout stock sources have included Saranac 

Lake (1968), Raquette Lake (1969, 1970),  Lake George and Saranac Lake hybrids 

(1971, 1972), and Lake George (1974) (Sanford 1984). The stocking of fall Adirondack 

yearling lake trout was continued through 1974; thereafter only Seneca Lake strain lake 

trout were stocked, due to the rapid growth of these fish (Sanford 1984, McBride and 

Sanford 1997).  

  In this study, stocked lake trout (i.e. Adirondack and Seneca strains) were 

compared to spring gill netted Otsego Lake lake trout assumed to represent the native 

strain.  Laboratory techniques have been developed to obtain high quality total DNA 

from small samples of trout blood.  DNA patterns from Otsego Lake trout samples were 

compared to those of stocked Adirondack and Seneca Lake strains using RAPD to 

identify variants.  These markers were used to help identify polymorphic patterns of lake 

trout and determine the parental stock of lake trout within Otsego Lake. 

Methods 

 Individual lake trout from Otsego Lake were collected to determine genetic 

characters.  These fish were compared to stocked strains using RAPD markers known to 

be inherited as Mendelian traits (Stott et al. 1997).  Over the last decade molecular 

genetics has been increasingly used in determining population diversity.  DNA markers 

that are known to be linked to a specific trait can be used for gene cloning, diagnostics, or 

introgression in plant and animal breeding programs.  The RAPD technique encompasses 

10 base pair random primers to locate random segments of genomic DNA to reveal 

polymorphisms (diversity within strains).  These primers adhere to specific nucleotide 
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segments of the genomic DNA (Fig. 1.1). The DNA is copied into many segments of 

varying lengths which can be separated using gel electrophoresis.  RAPD is relatively 

straight-forward as an applied technique. The number of loci that can be examined is 

unlimited and RAPD analysis can provide a simple and reliable method for measuring 

genomic variation.   

   

 

 
Figure1.1 Diagram illustrating PCR reactions and RAPD results. 

http://www.usask.ca/agriculture/plantsci/classes/plsc416projects_2002/pawlin/resources/ 

rapids.html  

Few polymorphic variants in lake trout have been reported.  Additional genetic 

markers are needed to investigate questions related to the impact of stocking on wild 

populations.  Stocked strains of Adirondack lake trout were collected at the Adirondack 
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Fish Hatchery in Saranac Lake, NY USA.  Seneca strain lake trout were collected at the 

Rome Fish Hatchery in Rome, NY USA.  All standard fish samples were of the same 

year class.  Otsego Lake stocks were captured using a multi-variable mesh (1.5”-3.5”) 

450’ gill-net.  With help from the NYSDEC, a total of five nets were set for twenty-four 

hour periods after spring turnover (Fig. 3.1).  Each net yielded approximately thirteen 

lake trout, for a total of fifty-three fish.  Lake trout between 200mm and 700mm in length 

were sampled.  The first twenty-nine fish were sampled with a sterile pipet by extracting 

4µl of whole blood (samples taken from the kidney region).  Blood was added to a 1.5 ml 

tube containing 600µl of EDTA.  DNA was isolated from these samples using a Qiagen 

DNA purification kit.   The next twenty-four fish were sampled using the standard 

PuregeneTM Lysis solution as described by the PuregeneTM DNA Isolation kit.  Each tube 

was mixed thoroughly and stored at room temperature. 

PuregeneTM DNA Purification Protocol 
 

DNA was most successfully isolated from samples using the whole blood 

protocol for the PuregeneTM DNA Isolation Kit.  An overall scheme of this method is 

shown in Figure 2.1.  Protein was precipitated from the solution by adding 200µl of 

Protein Precipitation Solution to room temperature blood cell lysate.  Next, the solution 

was vortexed at high speed for 20 seconds to mix the solution with the cell lysate.  Each 

tube was centrifuged at 13,000-16,000 x g for 3 minutes.   
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Figure 2.1: PuregeneTM whole blood lysate and DNA hydration protocol. 

www.epibio.com/order_info.asp 

The precipitated protein usually formed a tight, brown pellet.  The supernatant 

containing the DNA was poured off into a clean 1.5 ml tube containing 600µl of 100% 

isopropanol.  The sample was mixed by inverting several times until white threads of 

DNA visibly formed.  The tube was then centrifuged again at 13,000-16,000 x g for 1 

minute.  The alcohol was then carefully poured off, leaving the DNA pellet in the tube.  

The tube was drained on clean absorbent paper and allowed to dry for 15 minutes.  DNA 

was dissolved by adding 200µl of DNA Hydration Solution and left overnight at room 

temperature, then stored at 4° C. 

DNA quality was checked by running 5µl of each sample on a 0.6 % agarose gel.  

Gels were electrophoresed at 100 V for 4 hours.  To visualize DNA fragments, 1µl of 

10mg/ml ethidium bromide was added to the gel prior to casting. Gels were viewed on an 

ultraviolet (312 nm) light source.  Samples that appeared to be sheared or degraded were 

RBC Lysis 
Lyse red blood cells 

Cell Lysis 
Lyse nucleated cells 

Protein precipitation 
Pellet cellular proteins 

DNA Recovery 
Pellet DNA 

DNA Hydration 
Hydrate DNA 
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discarded. Images of the gels were taken using a Kodak EDAS 290 digital camera and 

UV light source. 

RAPD Procedures  

Oligonucleotide primers tested were derived from Stott et al. (1997).  In 

preliminary PCR reactions with the Epicentre kit, buffer mix B was found to produce 

optimal levels of genomic fragments.  PCR amplification reactions were performed in a 

volume of 50 µl containing 1-5 µl of DNA (depending on DNA concentration), 5 µl of 

primer OPW3, 4 or 7, 18.5 µl of deionized water, 0.5 µl of Taq polymerase (Epicentre) 

and 25 µl of the buffer mix B from Epicentre.  Nucleotide DNA sequence for primers 

used are OPW3 5’GTCCGGAGTG3’, OPW4 5’CAGAAGCGGA3’ and OPW7 

5’CTGGACGTCA3’ (Operon Technologies).  A layer of mineral oil was added to 

prevent evaporation.  A thermal cycler (Perkin-Elmer model 480) was programmed for 

denaturation at 94° C for 3 min., 20 cycles at 93° C for 1 min., 1 min. at 36° C, 2 min. at 

72° C and 20 cycles at 92° C for 1 min., then 36° C for 1 min. and 2 min. at 72° C.  

Amplification products were separated electrophoretically in 1.2% agarose gels and were 

run in 1X Tris borate EDTA buffer at 50 V for 8 hours in a 20 X 28cm gel bed.  Lambda 

DNA digested with Hind III and a 100 base pair marker were included as size standards.  

Two control samples were also included; one of Seneca Lake strain DNA and another of 

Adirondack strain DNA.  To identify different amplification products, each gel was 

labeled with letters representing the manufacturer and primer set number (e.g. OPW4).  

The gels were analyzed by measuring the distances each standard band migrated from the 

origin and plotting against their sizes in base pairs on semi-log paper.  Sizes of RAPD 
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bands were then determined by interpolation from the graph from their measured 

distances.  

 For each individual fish, bands were scored as present (1) or absent (0) in a matrix 

for estimating genetic similarity between individuals of each strain.  The similarity index 

(S) can be estimated by S = NAB / (NA + NB), where NA and NB are the number of 

bands  of individuals A and B, respectively, and NAB is the number of bands that are 

shared between these individuals (Tables 2.1 and 4.1).  

Results 

Of the 3 primers that yielded results, polymorphism was observed only with 

OPW4 (Fig. 4.1 and 5.1).  A total of 7 polymorphic loci were amplified with OPW4 on 

21 different samples (N=21) from Otsego Lake (Tables 1.1 and 3.1).  Two primer sets, 

(OPW7 and OPW3) gave the same results among all the strains tested (monomorphism), 

which is depicted in Figure 8.1 and 7.1.   

Fragments used to identify strains are 2600bp marker for Adirondack lake trout, 

800bp for Seneca strain lake trout, a hybrid of Adirondack and Seneca strain is either or 

both 2600bp and 800bp, and neither marker 2600bp or 800bp was designated as an 

unknown lake trout strain (Table 1.1).  Both 1850bp and 1250bp markers were identified 

as variable markers among all Otsego lake trout strains.   Using these primer sets, Otsego 

Lake trout were found to represent several distinct genetic morphologies 1) Adirondack 

strain, 2) Seneca Lake strain and 3) unique morphs representing wild stock or possible 

Adirondack/Seneca hybrids.  
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Figure 3.1: Map of Otsego Lake showing NYSDEC collection sites for lake trout DNA.  
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      1         2        3        4        5        6       7        8       9       10      11     12      13 
Figure 4.1: Electrophoresis gel images with OPW4 primer results on Otsego Lake trout.  

Each number represents a gel lane, 3 thru 9 are fish samples (N=7), 10 and 11 are 
Seneca Lake and Adirondack hatchery standards, respectively. Lanes 1, and 13 
are Lambda/Hind III; lanes 2 and 12 are 100bp size markers, respectively. 

 
 

Lane 
3 

Lane 
4 

Lane 
5 

Lane 
6 

Lane 
7 

Lane 
8 

Lane 
  9 

Lane 10 
Seneca 
Lake 

Lane 11 
Adirond

ack 
- (-) 2,600 2,600 2,600 - 2,600 - 2,600 
- (-) 2,500 2,500 (-) - - - 2,500 

1,850 1,850 1,850 1,850 1,850 1,850 1,850 1,850 1,850 
- - 1,600 - - - 1,600 1,600 1,600 

1,500 - 1,500 - - - - - - 
- - - - - - 1,400 - 1,360 

1,300 (-) 1,300 1,300 1,300 1,300 1,300 1,300 - 
- -  - - - - - - 

1,000 1,100 1,050 1,100 1,050 1,050 1,050 1,050 1,050 
830 800 800 800 800 830 830 830 830 

- - - - - - 750 - - 
650 - - - - 650 650 650 - 
580 - - - - - - 580 - 

- - - - 480 500 500 500 - 
Table 1.1: RAPD data: sizes and base pairs of polymorphic fragments based on Fig. 4.1.  

Yellow = Seneca Lake strain, Blue = Adirondack strain, Green= hybrid, and Red 
= Unknown.  



 30 

 
Fish 

Number 
 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 

 
11 

3 1 .30 .33 .31 .31 .38 .29 .40 .21 

4  1 .25 .33 .33 .33 .23 .27 .30 

5   1 .43 .36 .29 .33 .31 .40 

6    1 .42 .33 .31 .29 .39 

7     1 .33 .38 .36 .31 

8      1 .38 .43 .23 

9       1 .39 .35 

10        1 .27 

11         1 

Table 2.1: RAPD Data: Analysis (shared presence) of 7 polymorphic bands from 3 thru  
11 in Fig. 4.1; 2,600, 2,500, 1850, 1,300, 1000, 830, and 650 base pair. Yellow = 
Seneca Lake strain, Blue = Adirondack strain and Green = Hybrid of both.  

 

  
1     2    3     4     5      6     7    8    9   10    11  12  13  14   15   16   17  18  19   20 
Figure 5.1: Electrophoresis gel images with OPW4 primer results for Otsego Lake trout.  

Each number represents a gel lane, 3 thru 18 are fish samples (N=14), 17 and 18 
are Adirondack and Seneca Lake standards, respectively.  Lanes 1 and 20 are 
Lambda/HindIII; lanes 2 and 19 are 100 bp size markers, respectively. 
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Lane 
3 

Lane 
4 

Lane 
5 

Lane 
6 

Lane 
7 

Lane 
8 

Lane 
9 

Lane 
10 

Lane 
11 

Lane 
12 

Lane 
13 

Lane 
14 

Lane 
15 

Lane 
16 

Lane 
17 

Lane 
18 

 
3200 

 
- 

 
3200 

 
- 

 
- 

 
- 

 
- 

 
3200 

 
- 

 
- 

 
3200 

 
3200 

 
- 

 
3200 

 
- 

 
- 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2500 

 
2100 
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- 
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2100 

 
2100 

 
- 

 
2100 

 
- 

 
2100 

 
- 
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- 
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1600 
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1600 

 
1600 

 
1600 

 
1600 

 
- 

 
- 

 
1600 

 
1600 

 
- 
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- 

 
- 

 
- 

 
- 

 
- 

 
1500 

 
- 

 
- 

 
1500 

 
- 

 
- 

 
- 

 
- 

 
1500 
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1250 

 
1250 

 
1250 

 
1250 

 
1250 

 
1250 

 
1250 

 
- 

 
1250 

 
- 

 
1250 

 
1250 

 
1250 

 
1250 

 
1250 

 
900 

 
900 

 
900 

 
- 

 
900 

 
900 

 
900 

 
900 

 
900 

 
900 

 
900 

 
900 

 
900 

 
900 

 
- 

 
900 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
500 

 
500 

 
- 

 
500 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

Table 3.1: RAPD data: sizes (base pairs) of polymorphic fragments based on Fig. 5.1.  
Yellow = Seneca Lake strain, Blue = Adirondack strain and Green = Hybrid of 
both and Red = Unknown. 

 
Fish 

Number 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
3 1 .25 .33 .16 .33 .30 .30 .30 .38 .25 .44 .33 .38 .36 .25 .25 

4  1 .44 .33 .44 .40 .40 .40 .25 .38 .33 .44 .38 .36 .38 .50 

5   1 .29 .40 .36 .36 .36 .22 .33 .40 .33 .33 .42 .33 .44 

6    1 .29 .25 .25 .25 .17 .33 .14 .28 .33 .22 .33 .33 

7     1 .45 .45 .36 .33 .33 .40 .40 .44 .42 .44 .44 

8      1 .42 .33 .33 .30 .36 .36 .40 .46 .40 .40 

9       1 .42 .30 .30 .36 .36 .40 .38 .40 .40 

10        1 .20 .40 .36 .45 .30 .45 .30 .40 

11         1 .25 .33 .22 .38 .36 .25 .25 

12          1 .22 .33 .38 .27 .25 .38 

13           1 .40 .33 .42 .33 .33 

14            1 .33 .42 .33 .44 

15             1 .36 .38 .38 

16              1 .36 .36 

17               1 .38 

18                1 
Table 4.1: RAPD Data: Analysis (shared presence) of 6 polymorphic bands from lanes 3  

thru 18 in Fig. 5.1; 3200, 2500, 2100, 1600, 1500, 1250, 900 and 500 base pair. 
Yellow = Seneca Lake strain, Blue = Adirondack strain and Green = Hybrid of 
both and Red = Unknown 
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                   1        2         3        4         5        6        7       8         9       10       11      12  
Figure 6.1 Electrophoresis gel image of OPW3 primer results on Seneca Lake trout (lanes  

3 – 10).  Lanes 1 and 12 are Lambda/Hind III and Lanes 2 and 11 are 100 bp 
ladder. 

 
 

 
        1      2     3     4      5     6    7     8     9   10    11   12   13   14   15   16   17    18 
Figure 7.1: Electrophoresis gel image of OPW3 primer results on Seneca Lake (lanes 2- 

6), Adirondack (lanes 12-16) and Otsego Lake trout (7-11). Lanes 1 and 17 are 
100 bp ladder and lane 18 is Lambda/Hind III. 
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                1      2        3       4        5       6      7       8       9      10      11    12      13   14   
Figure 8.1: Electrophoresis gel image of OPW7 primer results on Seneca Lake (lane 11  

not seen), Adirondack (lane 12) and Otsego Lake trout (3-10). Lanes 2 and 14 are 
Lambda/Hind III and Lanes 1 and 13 are 100 bp ladder. 

 
Conclusion 

 
 We have determined that lake trout blood taken from the kidney region can be 

used to produce high quality DNA.  Isolation and production of high quality DNA is 

important for the RAPD procedure.  Specific fragments are only amplified if high quality 

DNA is used.  In this study, only the highest intensity fragments amplified by RAPD 

primers were considered.  Weak bands were not analyzed.   

Establishing polymorphic patterns among lake trout using the RAPD technique 

was difficult.  Two primers previously shown to be polymorphic in lake trout (Stott et al. 

1997) did not display polymorphism in Otsego Lake lake trout.  Furthermore, there were 

inconsistencies in the RAPD patterns of individuals of stock Seneca and Adirondack 

strains using the OPW4 primer set (data not shown) that made interpretation of fragment 

patterns difficult.  For this reason, one individual with a “typical” stock pattern was 
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selected for comparison gels Figs. 4.1 and 5.1 so further analysis could be carried out 

(Tables 2.1 and 4.1). This problem with inconsistency is common using the RAPD 

technique and is best remedied by newer methods such as AFLP-PCR (amplified 

fragment length polymorphism PCR), a method not available on our campus when the 

studies were carried out (Vos et al. 1995).   

Polymorphic DNA markers were identified for Otsego Lake trout by RAPD 

analysis.  In all of the three primer sets used, RAPD primers exhibited Mendelian 

inheritance patterns in lake trout (Stott et al. 1997).  For one set (OPW4) polymorphism 

was exhibited among Otsego Lake trout (Fig. 4.1 and 5.1).  This is an indication of 

variation among adult fish suggesting that both the Adirondack and Seneca Lake strains 

are reproducing in Otsego Lake.  Three of seven Otsego Lake fish share some fragments 

with both stocked Adirondack and Seneca Lake strains, suggesting they are hybrids.  

Another sample appeared to be a derivative of the Seneca Lakes strain, but two common 

fragments (1600 and 1300bp) were missing in the pattern (Fig. 4.1, lane 4). 

A sample size of 21 fish was used in similarity matrices (Table 2.1 and 4.1).  

From these comparisons, Otsego Lake fish comprise at least two distinct genetic groups 

of lake trout and a small fraction may be hybrids of these two strains or possibly unique 

wild strains.  Of the first 7 fish selected for RAPD analysis (Fig. 4.1), two fish were of 

Adirondack stock, two of Finger Lakes strain and three of unknown wild stock or hybrids 

of stocked strains.  On the second gel for OPW4 samples, consisting of fourteen fish 

selected for RAPD analysis (Fig. 5.1), it was deduced that six fish were of Adirondack 

stock, five of Seneca Lake strain, two hybrids and three of unknown wild stock strains.   
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Historically, lake trout were stocked from both Seneca Lake (Cayuga, Seneca) 

strains and Adirondack (Lake Clear) strains (Sanford 1984).  Local stocking programs 

consisted of a private fish hatchery (early 1900s) near Five-mile Point on the west-shore 

of Otsego Lake, which presumably collected eggs or fry from within the State or Otsego 

Lake and raised them for stocking purposes.  RAPD data using a Mendelian marker, 

OPW4, to examine the genetics of Otsego Lake trout samples suggest that these stocked 

strains are highly represented in the lake.  However, some Otsego Lake samples may 

represent hybrids of Seneca and Adirondack lines and a few fish display additional 

variability in this marker suggesting they may be at least a few generations removed from 

the stocked strains (designated unknown wild stock) or derived from another source.  

There is some historical documentation of some stocking from a source in Petoskey, MI 

source that could have potentially introduced trout with different genetic make-up to 

Otsego Lake. 

Part 3: Lake Trout Behavior in Otsego Lake 
 
Introduction 
 
 Acoustic tag systems have been used for many years to study seasonal migration 

and spawning behavior of fish.  One of the first attempts to use acoustic telemetry was 

performed in 1956 by the National Marine Fisheries Service on adult chinook 

(Oncorhynchus tshawytscha) and coho salmon (O. kisutch) (Trefethen 1956).  Follow up 

studies were done on the Columbia River above Bonneville Dam observing the upstream 

migration of Pacific salmon (chinook, coho, and steelhead (O. mykis)) (Johnson 1960).  

Most acoustic telemetry studies have been with monitoring adult Pacific salmon,.  More 

recently, studies have been implemented with juvenile Atlantic salmon smolts (Salmo 
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salar) as they migrate through rivers and estuaries (Thrope et al. 1981, Potter 1988, 

Moore et al. 1990, Moore 1995).  This has since been widely applied and essentially 

enables an investigator to determine the location of a tagged animal relative to a vessel or 

shore station.  The technique has the disadvantage that full positional information cannot 

be obtained using a single receiver.   

Obtaining fixed positions through triangulation can be used as a method in 

identifying fish locations.  An ultrasonic tracking system has been further developed and 

used at Rocky Reach Dam on the Columbia River using fixed position receivers to 

determine the position of a fish by triangulation (Steig et al. 1999, Steig 2000, Steig et al. 

2001). In a broad sense, sonic telemetry can be defined as the art and science of 

conveying information from one location to another located position. With acoustic 

telemetry, sound waves are utilized to convey that information.  Sonic telemetry has a 

greater depth capability through water than radio-telemetry.   

In this study, because lake trout primarily are thought of as being near the bottom 

(demersal) of a deep-water lake, we chose sonic tags for this experiment for its deep 

water sensitivity.  This study incorporated some of the early positional techniques 

(Trefton et al. 1957) with the use of a single directional hydrophone from a boat to 

determine triangulated fixed positions of ultrasonic transmitter tagged lake trout (Steig et 

al. 1999).  

 Lake trout movements within Otsego Lake were monitored between 17 

September 2002 and 29 May 2003.  Six mature trout were tagged with sonic transmitters 

purchased from Lotek Inc. (Lotek Wireless Fish and Wildlife Monitoring Systems, 

Ontario, Canada).  The goal was to determine the extent of lake trout emigration and/or 



 37 

immigration to Otsego Lake with respect to recent limnological changes.  An increase in 

planktonic algae populations resulting from a decrease in large zooplankton filtering 

capabilities due to the introduction of alewives had reduced deep-water (hypolimnetic) 

oxygen concentrations, reducing lake trout habitat during summer stratification (Harman 

et al. 2002).   

We hypothesized that reduced hypolimnetic and metalimnetic oxygen levels 

stress lake trout and result in emigration from Otsego Lake, as was observed during the 

summer of 2001.  In addition, we assumed lake trout spawning takes place in Otsego 

Lake and therefore in order to document such localities, spawning locations were 

observed.  We have provided information documenting spawning locations (Fig. 3.3) and 

horizontal lake trout movements throughout one year (Figs. 4.2, 5.2, 6.2, 7.2, 8.2, 9.2).   

Methods 

 We utilized the above noted transmitters to emit a signal, a hydrophone to receive 

that signal and a receiver to detect each signal.  Six mature lake trout were collected 

using bottom set gill nets in the fall of 2002 (Fig. 3.2) accompanying the NYSDEC bi-

annual gill net survey crew for lake trout in Otsego Lake.  The collection of fish and the 

implantation of transmitters were performed by NYSDEC Region IV personnel and 

SUNY Field Station students.  Trout subjects were chosen based on their size (over 21”), 

sex (even ratio of male to female) and origin (stocked or wild, determined by clipped 

fins).  Only those fish that were healthy enough to endure the stress related to sonic 

implants were selected.  A holding tank tempered to lake-bottom temperature (10oC), was 

used to hold the fish prior to tagging.  An anesthetic bath using MS-222 was used to 

anesthetize the fish.  A lake-water bath using a plastic tote with a piece of foam in a steel 
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fish-shaped cradle was used to hold the fish during surgery (Fig. 1.2).  All incisions, 

approximately an inch in length, were made anterior of and contiguous to the mid-vent 

area of the fish.  A Lotek CART Series CAFT 16-1 transmitter was implanted into the 

abdomen of each fish.  The acoustic power of each transmitter had an average pulse rate 

expressed in dB re 1µP @ 1 meter, with an echo pulse rate of 19 m/s.  Frequencies for 

each transmitter were designated for each fish recording between 60 and 80 KHz. 

Longevities vary, based in part upon environmental conditions (conductivity) and 

transmitter pulse rates (1 µP/1m).  All incisions were closed with four stitches using a 

cutting needle size FS-2 with 4 – 0 monofilament (Ethicon Inc. Cornelia, GA. USA).  

Tagged fish were held in a holding tank until revived and capable of survival upon return 

to the lake.   

 

Figure 1.2: Surgical implantation of sonic tags by the NYSDEC. 
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Table 1.2: Sonic telemetry lake trout key by location, total size in cm, strain and  
gender. 
 
A Smith Root A250 dial receiver and directional hydrophone with headset was 

used to determine the position of the tagged fish. All tagged fish were located 

immediately after implantation and followed weekly thereafter by boat until ice 

conditions prevailed.  During the winter months, a Honda 4x4 was used to traverse the 

lake.  Periodically a six inch ice auger was used to drill through the ice to locate signals 

from a fish.  To receive signals, the receiver had to be inverted in the augured hole with 

the face directed towards the bottom of the lake. The exact position of each fish was 

determined by the strength of each signal; a weak or strong signal indicated a far or near 

fish location, respectively.  When a strong signal was received, when inverting the 

hydrophone so the face of the instrument was horizontal with the surface water, a fish 

was then assumed under the observers position (Lotek Inc. Newmarket, Ontario, 

Canada). 

Fish ID Collection 
Location 

Size (cm) Hatch./Wild Male/Female 

66-1 Sunken  
Island (site 2) 

58.4 Hatchery Male 

66-17 Sunken  
Island (site 2) 

58.0 Hatchery Male 

66-167 Sunken  
Island (site 2) 

62.5 Wild Male 

77-1 Three-Mile 
(site 1) 

64.8 Wild Female 

77-17 Three-Mile 
(site 1) 

61.0 Wild Male 

77-167 Three-Mile 
(site 1) 

58.9 Hatchery Male 
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Figure 2.2: Tracking lake trout using a transceiver and hydrophone set-up by boat. 

Locations were recorded for each fish using a Global Positional System (GPS) 

and plotted on topographic maps depicting lake depths and shoreline asymmetry.  All 

GPS coordinates were logged into Delorme 5.0 software by latitude and longitude and 

date.  Depths for each fish were recorded as the depth of the lake at each fish position.  

Vertical fish movement could not be applied to this study because the transmitter did not 

have depth reading capabilities.  Assumptions were based on lake trout behavior being 

primarily demersal fish (Smith 1985).   
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Figure 3.2:  Map of Otsego Lake and locations of the NYSDEC gill net survey sites. 
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Results and Discussion 

 Reasons for the movement of lake trout out of Otsego Lake as had occurred in the 

summer of 2001 are still not determined, but were presumed to be due to the strong 

metalimnetic oxygen minima exhibited at that time (Albright 2002).  None of the tagged 

fish emigrated from the lake.   

It was determined that lake trout in Otsego Lake travel the greatest distances 

during the spring months (Table 2.2), presumably searching for food or suitable habitats 

within the lake.  The maximum distance traveled by any one fish was 5.16 km (3.21 

miles) by a wild female (Table 2.2).  This distance was traveled between 25 March 2003 

and 25 April 2003.  It was found that these fish (Fig. 4.2 and 7.2) moved along the east or 

west shore in assumed depths of 25 to 35 m (75 to 105 ft) from their winter deep-water 

refuge areas.  Recent data suggest lake trout are an opportunistic fish and often will 

forage in shallow areas of a body of water (Morbey and Shuter 2003).   

Specific areas such as Point Florence, Five-Mile Point, and Peggs Point were areas of 

congregation (Fig. 4.2, 5.2, 6.2, 7.2, 8.2 and 9.2).  This may suggest lake trout find 

substrates with a high angle of repose a preferred habitat to horizontal areas.   

Lake trout movements recorded between the months of October and December of 

2002 provided locations of potential spawning areas and time periods of spawning events 

for lake trout in Otsego Lake.  Most of the tagged fish used in this study were found 

spawning at or near Bissell’s Point (Fill) during the period from 1 October to 1 

November  2002 (Fig. 4.2, 5.2, 6.2, 7.2, 8.2 and 9.2).  It can be assumed that some lake 

trout will spawn sooner than others, especially precocious males needing to prepare 

suitable spawning areas.   
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Table 2.2: Tagged lake trout movements given in kilometers and miles by season. 
 

Tracking events only took place during daylight hours, therefore we can presume that at 

the time these fish were located they were in staging areas, and not at their specific egg 

Fish 
Identification 
# 

Dates 
(Seasonal) 

Fall Spawn 
(km / miles) 

Winter Period 
(km / miles) 

Spring 
Migration 
(km / miles) 

66-1 10/15/02 to 
11/05/02 

3.30 km 
2.00 miles 

  

66-1 12/03/02 to 
1/06/03 

 1.40 km 
0.80 miles 

 

66-1 4/25/03 to 
5/29/03 

  4.40 km 
2.70 miles 

66-17 10/17/02 to 
11/05/02 

3.40 km 
2.10 miles 

  

66-17 1/08/03 to 
2/08/03 

 0.66 km 
0.41 miles 

 

66-17 3/12/03 to 
4/25/03 

  1.60 km 
1.00 miles 

66-167 9/29/02 to 
11/05/02 

2.90 km 
1.80 miles 

  

66-167 12/20/02 to 
2/08/03 

 1.60 km 
1.00 miles 

 

66-167 4/15/03 to 
5/12/03 

  4.70 km 
2.90 miles 

77-1 10/13/02 to 
11/12/02 

1.70 km  
1.10 miles 

  

77-1 1/06/03 to 
2/21/03 

 1.30 km 
0.80 miles 

 

77-1 4/25/03 to 
5/29/03 

  5.10 km 
3.10 miles 

77-17 10/02/02 to 
11/01/02 

1.80 km 
1.10 miles 

  

77-17 1/06/03 to 
2/08/03 

 1.50 km 
0.93 miles 

 

77-17 3/01/03 to 
5/01/03 

  N/A 

77-167 10/02/02 to 
11/05/02 

2.80 km 
1.70 miles 

  

77-167 1/06/03 to 
2/08/03 

 1.30 km 
0.80 miles 

 

77-167 3/01/03 to 
5/01/03 

  N/A 
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depositional areas (Marsden 2002, personal communication).  Observed spawning 

behavior and collection of eggs and fry documented spawning success (Tables 4.3, 5.3, 

7.3 and 8.3).  

 It has been suggested that there are deep-water 15 to 20 m (45 to 60 ft) spawning 

areas in Otsego Lake.  Post-peak spawning time observations indicated a movement 

towards an area along the east-shore south of Peggs Point (Table 2.2).   It has been 

documented that Finger Lakes (Seneca) strain lake trout often spawn in depths of > 10 

meters (Marsden and Krueger 1991).  Deep-water locations near Three-Mile Point, Five 

Mile Point, Clarks Point, and Sunken Island were examined in 2001 and 2002 for their 

presence of spawning activity.  It was determined that unsuitable substrate and extreme 

amounts of silt and organic matter have created unsuitable habitats for lake trout 

spawning in these sites.  Spawning activity may in fact be taking place in any one of 

these areas, however successful recruitment seems unlikely.  However, if water quality 

(i.e. reduction in deposition of algae, detritus and silt) improves, these areas examined 

may again become suitable for artificial spawning sites.        

Over-wintering lake trout preferred the deepest part of the lake confined to 

specific deep-water areas between Peggs Point and Five-Mile Point, as well as in the 

middle of the lake south of Five-Mile Point (Fig.4.2, 5.2, 6.2 and 9.2).    Movements 

seemed to be negligible with an average of less then 2.5 km (1.6 miles) the entire winter.  

One fish, ID #: 77-167 traveled less then 1.3 km (0.8 miles) within a three month period 

(6 January  2003 and 8 February  2003) (Table 2.2).  Fish movement occurred during 

times of low water temperature; however fish movement was reduced to half the distance 

these same fish traveled after spring turnover (Table 2.2).  Average movement during the 
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winter months was 0.93 km compared to an average spring movement of 3.6 km (Table 

2.2).   It is assumed winter movement is reduced due to colder water temperatures.  Lake 

trout are exothermic and therefore water temperature directly regulates their internal body 

temperature.  Although not studied, it is likely most warm-water planktiverous forage fish 

travel to these same deep-water refuges and therefore lake trout would not have to travel 

far or use a lot of energy to prey on them.  Further analysis is needed involving a larger 

sample size and depth sensitive tags to determine vertical seasonal movements.   
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Fig. 4.2 Map of the seasonal movements of fish number 66-1; an adult male released  
on 9-18-02 at Sunken Island and last located near Sunken Island on 4-15-03. 
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Date Fish ID Km Miles 
9/18/2002 66-1 0 0 
9/22/2002 66-1 4.01 2.49 
9/25/2002 66-1 0.37 0.23 
9/29/2002 66-1 0.51 0.32 
10/2/2002 66-1 0.39 0.24 
10/22/2002 66-1 2.13 1.32 
10/30/2002 66-1 0.67 0.42 
11/1/2002 66-1 0.32 0.20 
11/5/2002 66-1 0.93 0.58 
11/21/2002 66-1 1.44 0.89 
12/3/2002 66-1 0.58 0.36 
12/10/2002 66-1 2.61 1.62 
12/29/2002 66-1 1.11 0.69 
1/6/2003 66-1 0.33 0.20 
1/22/2003 66-1 0.39 0.24 
2/8/2003 66-1 1.69 1.05 
3/12/2003 66-1 2.39 1.48 
4/15/2003 66-1 1.25 0.78 

Table 3.2: Distance travel for fish ID 66-1 by each date and point located on Fig. 4.2 in 
kilometers and miles.   
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Fig. 5.2: Map of the seasonal movements of fish number 66-17; an adult male released  
on 9-18-02 at Sunken Island and last located near Sunken Island on 4-15-03. 
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Date Fish ID Km Miles 
9/18/2002 66-17 0.00 0.00 
9/22/2002 66-17 1.04 0.65 
9/29/2002 66-17 0.78 0.48 
10/7/2002 66-17 2.01 1.25 
10/11/2002 66-17 0.54 0.34 
10/17/2002 66-17 0.60 0.37 
10/25/2002 66-17 0.41 0.25 
10/30/2002 66-17 0.94 0.58 
11/5/2002 66-17 0.73 0.45 
11/21/2002 66-17 1.25 0.78 
12/5/2002 66-17 0.81 0.50 
12/10/2002 66-17 1.07 0.66 
1/6/2003 66-17 2.09 1.30 
2/8/2003 66-17 0.66 0.41 
2/21/2003 66-17 1.80 1.12 
3/12/2003 66-17 0.21 0.13 
4/15/2003 66-17 0.97 0.60 

Table 4.2: Distance travel for fish ID 66-17 by each date and point located on Fig. 5.2 in 
kilometers and miles.   
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Fig. 6.2: Map of the seasonal movements of fish number 66-167; an adult male released  
on 9-18-02 at Sunken Island and last located near Six mile on 4-25-03. 
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Date Fish ID KM Miles 
9/18/2002 66-167 0 0.00 
9/22/2002 66-167 1.73 1.07 
9/29/2002 66-167 1.79 1.11 
10/3/2002 66-167 0.64 0.40 
10/7/2002 66-167 0.31 0.19 
10/13/2002 66-167 0.27 0.17 
10/25/2002 66-167 0.48 0.30 
11/5/2002 66-167 0.76 0.47 
11/12/2002 66-167 0.64 0.40 
12/20/2002 66-167 0.36 0.22 
12/29/2002 66-167 0.59 0.37 
2/8/2003 66-167 0.55 0.34 
3/12/2003 66-167 1.53 0.95 
4/15/2003 66-167 0.83 0.52 
4/25/2003 66-167 0.21 0.13 

Table 5.2: Distance travel for fish ID 66-167 by each date and point located on Fig. 6.2 in 
kilometers and miles.   
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Fig. 7.2: Map of the seasonal movements of fish number 77-1; an adult male released  

on 9-17-02 at Point Florence and last located near Five mile on 5-12-03. 
 



 53 

 
 
Date Fish ID KM Miles 
9/17/2002 77-1 0 0.00 
9/18/2002 77-1 0.26 0.16 
9/20/2002 77-1 1.13 0.70 
10/2/2002 77-1 0.64 0.40 
10/13/2002 77-1 0.68 0.42 
10/17/2002 77-1 0.22 0.14 
10/25/2002 77-1 0.31 0.19 
11/5/2002 77-1 0.51 0.32 
12/2/2002 77-1 0.89 0.55 
12/29/2002 77-1 0.95 0.59 
1/22/2003 77-1 0.48 0.30 
2/21/2003 77-1 0.85 0.53 
3/12/2003 77-1 0.67 0.42 
4/15/2003 77-1 0.78 0.48 
5/12/2003 77-1 0.61 0.38 

Table 6.2: Distance travel for fish ID 77-1 by each date and point located on Fig. 7.2 in 
kilometers and miles.   
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Fig. 8.2: Map of the seasonal movements of fish number 77-17; an adult male released  

on 9-17-02 at Point Florence and last located near Point Florence on 3-1-03. 
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Date Fish ID KM Miles 
9/17/2002 77-17 0 0 
9/18/2002 77-17 0.31 0.19 
9/20/2002 77-17 0.42 0.26 
9/22/2002 77-17 1.10 0.68 
9/29/2002 77-17 1.70 1.06 
10/2/2002 77-17 0.97 0.60 
10/7/2002 77-17 0.34 0.21 
10/15/2002 77-17 0.22 0.14 
10/22/2002 77-17 0.47 0.29 
10/27/2002 77-17 0.56 0.35 
10/30/2002 77-17 1.70 1.06 
11/5/2002 77-17 1.64 1.02 
11/12/2002 77-17 2.50 1.55 
11/21/2002 77-17 0.43 0.27 
12/3/2002 77-17 0.38 0.24 
12/29/2002 77-17 0.74 0.46 
1/6/2003 77-17 1.41 0.88 
1/22/2003 77-17 0.44 0.27 
2/8/2003 77-17 1.75 1.09 
3/1/2003 77-17 0.25 0.16 
 Table 7.2: Distance travel for fish ID 77-17 by each date and point located on Fig. 8.2 in 

kilometers and miles.   
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Fig. 9.2: Map of the seasonal movements of fish number 77-167; an adult male released  

on 9-17-02 at Point Florence and last located near Point Florence on 2-21-03. 
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Date Fish ID KM Miles 
9/17/2002 77-167 0 0 
9/18/2002 77-167 0.17 0.11 
9/20/2002 77-167 0.29 0.18 
9/29/2002 77-167 0.87 0.54 
10/2/2002 77-167 2.18 1.35 
10/3/2002 77-167 0.86 0.53 
10/13/2002 77-167 0.26 0.16 
10/22/2002 77-167 1.44 0.89 
10/25/2002 77-167 0.54 0.33 
10/30/2002 77-167 0.73 0.45 
11/1/2002 77-167 0.29 0.18 
11/5/2002 77-167 1.48 0.92 
11/12/2002 77-167 1.56 0.97 
11/21/2002 77-167 0.86 0.53 
12/3/2002 77-167 0.56 0.35 
12/29/2002 77-167 2.19 1.36 
1/22/2003 77-167 0.34 0.21 
1/27/2003 77-167 0.46 0.29 
2/8/2003 77-167 1.45 0.90 
2/21/2003 77-167 0.38 0.24 
 Table 8.2: Distance travel for fish ID 77-167 by each date and point located on Fig. 9.2 

in kilometers and miles.   
 
 
Part 4: Lake Trout Reproduction in Otsego Lake 
 
Introduction 
 
 Since the late 1800s lake trout populations have been augmented in Otsego Lake 

through NYSDEC stocking efforts (Sanford 1984).  While lake trout spawning activity in 

Otsego Lake has been historically documented (Royce 1943), evidence of such activity in 

recent years has been sparse (Lord 1999, Cornwell 1999, Lord and Cornwell 2000, 2001).  

Therefore, our efforts were focused on locating lake trout spawning sites in Otsego Lake.  

In the fall of 2002, evidence of spawning consisted of the discovery of lake trout eggs at a 

site with apparently suitable characteristics (Marsden 2002, personal communication).   
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Availability of appropriate spawning habitat may limit successful recruitment in 

Otsego Lake.  Spawning habitat may be reduced due to increasing organic debris and silt 

deposition within interstitial spaces (Manney et al. 1989, Krueger 1994, Marsden et al. 

1995, Fitzsimons 1995).  Preliminary SCUBA surveys in promising lake trout spawning 

areas revealed a lack of suitable substrate in Otsego Lake, which may limit successful 

reproduction to small, localized sites (Lord 1999).  Near-shore spawning sites discovered 

in 2002 in Otsego Lake are in less than 20 cm of water in gravel-pebble size substrate.  

Recruitment can be limited by predation (Kreuger et al. 1995, Savino and Miller 1991) 

and predation can be affected by the amount of interstitial space and therefore, substrate 

size and shape (Bigas et al. 1998, Marsden et al. 1995).   

 
Reproductive Methodology 

Site selection  

Potential spawning areas for 2003 larval trap deployment were determined from 

the 2002 egg survey, historical information (Royce 1943), boat electro-fishing surveys, 

and the locations of sonic-tagged fish from October through December of 2002.  Electro-

fishing conducted in October of 2002 to estimate walleye (Sander vitreum) fall fingerling 

survival and growth from prior stocking events (2000, 2001, 2002) (Cornwell 2000) 

encountered spawning lake trout. (A Smith-Root® electro-fishing boat with an external 

anode and cathode running between 320-500 DC volts at 6-8 amps was used for a total of 

32 hours of nighttime effort over a 4 day period.)  In the fall of 2003 and 2004 egg traps 

were used in these areas to document spawning activity by lake trout.  Larval traps were 

used during the spring of 2003 and 2004 in these same areas to evaluate recruitment (Fig. 

3.3).      
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Concurrent with work on larval traps, our sonic tracking of trout in-shore prior to 

the fall turnover to suitable substrate area provided insight into spawning locations.  Once 

potential spawning locations were located, SCUBA surveys were conducted which 

discovered the presence of lake trout eggs.  Due to the shallow depth of spawning sites 

located, we worked from the shore or the bow of a small john-boat on subsequent 

surveys. The primary area was then used to investigate the extent of spawning, using egg 

traps, and recruitment using modified soft fry traps.   

Egg trap design  

Lake trout spawning activity was measured using buried soft mesh egg traps 

designed to assess egg density and egg predator abundance.  Each egg trap was 

constructed using a rigid steel hoop 30 cm in diameter and 0.8 mm charcoal fiberglass 

screening (Phifer Wire Products, Inc. Tuscaloosa, Alabama USA).  The body of the trap 

consisted of a bag made by sewing an 18 cm x 62 cm rectangular piece to an 18 cm 

diameter bottom piece.  The completed body top 3 cm was then looped around the steel 

ring and fastened by sewing the top piece back to the body of the trap (Fig. 1.3). Holes, 

approximately 30% greater in diameter than the traps, were dug in the substrate on site. 

Traps were set in these excavated areas and covered with the excavated material. 

Following spawning, the traps were removed and the eggs were enumerated. 
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Figure 1.3: Soft mesh egg trap design; lake trout eggs and substrate size and shape found  

at the Bissel Point site. 
 

Larval trap design 

Larval trap design followed that of Chotkowski et al. (2002), and was similar to 

that used in Lake Ontario by Marsden et al. (1995).  The soft trap design has a semi-rigid, 

weighted, circular bottom rim, walls constructed of soft mesh fabric, and a plastic capture 

bottle, with a 16 oz. plastic funnel inside the base, attached to the top.  The trap form is 

maintained by floatation outside the capture bottle, which holds it above the trap rim 

while underwater.  The intent was that fry emerging from the substrate would travel 

upwards for their first gasp of atmospheric air and pass through the funnel, becoming 

trapped in the bottle.  

Figure 2.3 provides a depiction of the larval trap design. The body of the trap 

consists of a 38 cm x 216 cm rectangle of 0.8 mm Charcoal Fiberglass Screening (Phifer 

Wire Products, Tuscaloosa, Alabama USA), sewn together to form a 38 cm high cylinder.  
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Six to eight v-shaped gussets were sewn around the top of the cylinder to increase 

durability and make the trap conical.  An 18 cm wide strip of canvas, 216 cm long, was 

folded in half lengthwise and sewn around the bottom of the cylinder to form a tube into 

which was inserted 216 cm length of 2.5 cm diameter semi-rigid black plastic pipe.  The 

canvas provided durability and resistance against stone abrasion during trap shifting on 

the substrate.  The black tubing was filled with sand to provide weight.  The ends of the 

tubing were joined using a 2.5 cm coupler and two 2.0 cm – 3.0 cm hose clamps.  The 

capture bottle was a one-pint NalgeneTM bottle with a hole drilled through the cap and a 

#6-rubber stopper with a size 7 hole in it to allow a funnel to be attached and to seal it to 

the NalgeneTM bottle.  A buoy line (64mm braided polypropylene) attached to a small 

foam buoy (300g) was screwed into the Nalgene cap threads to keep the trap upright.  

The capture bottle was attached to the trap via a 16oz. plastic funnel that was held inside 

the trap, by a length of tube sock, on the wide end. The narrow funnel point was pushed 

into the rubber stopper hole.  The tube sock provided a snug fit with the funnel and 

elasticity for the funnel and NalgeneTM apparatus to move freely.  A snug fit is important 

when fry are being captured so that water movement provides no escape route.  The 

finished traps were 56 cm high from the base to the top of the suspended capture bottle, 

weighed approximately 3.0 kg, and covered an area of 0.52 m2.   

A total of 13 soft fry traps were assembled and deployed via boat and SCUBA 

divers, evenly distributed within Bissel Point and Six Mile Point (Fig. 3.3).  Traps were 

set between April 23 and May 19 during successive years (2002-2004) and were checked 

for fry at least twice a week.   
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Figure 2.3: Soft mesh larval trap design followed that of Chotkowski et al. (2002). 
 
 
Spawning area description 
 
 Otsego Lake spawning areas are limited to localized sites centered between Bissel 

Point and Five-Mile Point.  One of the identified spawning sites was estimated to be 267 

m2 (W74o 54.163; N42o 45.622) and north of Bissel Point (W74o 54.141; N42o 45.550).   

Three sites between Bissel point and Five mile point were selected for spawning 

evaluation.  Three transects were constructed at each site.  The three transects for each 

site were each sampled at three depths (points), corresponding to near-shore (0-1 meter 

from shore), silt line (1 -3 meters from shore), and bedrock line (3 -6 meters from shore).  

For each depth (point), substrate depth (measured from the surface of the substrate 

downward through the substrate type), substrate type, size, and water depths were 

measured (Tables 1.3-3.3).  A fourth site (north of Site 1) was used to determine 
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spawning time and duration.  This site was not evaluated for spawning potential, but for 

spawning activity.    

Habitat Results 

Much of the substrate at the Bissel Point site is artificial fill made largely of 

boulder and stones of various sizes (i.e., rip rap).  Substrate type was broken into five 

categories: silt (fine bedload), gravel (average dimensions = 49 x 26 x 23 mm), pebble 

(average dimensions = 68 x 45 x 35 mm), cobble (average dimensions = 288 x 172 x 110 

mm) and boulder (over 500 mm in width of one side).   Visual observations were used to 

determine an approximate percentage of substrate type for each transect.  

A gentle gradient (>5 %) from shore leads to high angles of repose about 100 m 

from shore creating a shelf along the west shore of Bissel Point.  These shelves are often 

used as staging areas during pre-spawn and daylight hours during the spawning period.  

Lake trout can be seen at night with a spotting light, spawning in the near-shore area with 

other lake trout cruising over the shelf.  Heavy wave action often stimulates spawning 

activity and it helps wash the substrate where Otsego Lake trout choose to spawn.  
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Figure 3.3: Lake trout egg and larval trap locations for 2002, 2003 and 2004 sites  
highlighted in boxes. 

 
 

Five-mile Point 

Bissel Point 
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Points Transect 1 Transect 2 Transect 3 
Nearshore  32 % gravel 24 % gravel 35 % gravel 
Subs.  D. = 2.3 cm 60 % pebble 64 % pebble 55 % pebble 
Water D. = 34 cm 5 % cobble 10 % cobble 5 % cobble 
 3 % boulder 2 % boulder 5 % boulder 
Silt  40 % gravel 60 % gravel 65 % gravel 
Subs. D. = 4.5 cm 60 % pebble 35 % pebble 30 % pebble 
Water D. = 124.2 cm Heavily silted Heavily silted 5 % boulder 
   Heavily silted 
Bedrock   Silt/bedrock Silt/bedrock Silt/bedrock 
Depth = N/A Boulders Boulders Boulders 
Table 1.3: Site 1, 2004 spawning habitat site descriptions, organized by substrate type,  

substrate percentage, substrate depth and water level for each point at each 
transect.  

 
Points Transect 1 Transect 2 Transect 3 
Nearshore  45% gravel 20% gravel 10% gravel 
Subs. D. = 24 cm 50% pebble 25% pebble 70% pebble 
Water D. = 32.4 cm 5%  cobble 30% cobble 10% cobble 
 0%  boulder 25%  boulder 10% boulder 
Silt     
Subs. D.= 5 cm 45% gravel 50% gravel 55% gravel 
Water D. = 124 cm 55% pebble 50% pebble 45% pebble 
 silt silt silt 
Bedrock      
Depth = N/A  silt silt silt 
Table 2.3:  Site 2, 2004 spawning habitat site descriptions, organized by substrate type,  

substrate percentage, substrate depth and water level for each point at each 
transect.  

 
Points Transect 1 Transect 2 Transect 3 
Nearshore  8% gravel 13% gravel 15% gravel 
Subs. D. = 31.5 cm 22% pebble 8% pebble 60% pebble 
Water D. = 25 cm 40% cobble 54% cobble 10% cobble 
 30% boulder 25% boulder 15% boulder 
Silt     
Subs D. = 4.8 cm 40% gravel 35% gravel 50% gravel 
Water D. = 116 cm 60% pebble 65% pebble 50% pebble 
 silt silt silt 
Bedrock      
Depth = N/A silt silt silt 
Table 3.3: Site 3, 2004 spawning habitat site descriptions, organized by substrate type,  

substrate percentage, substrate depth and water level for each point at each 
transect.  
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Highlighted areas for each Table 1.3 - 3.3 indicate the points where primary 

spawning activity took place in Otsego Lake.  Sites 1-3 are in order from north to south 

between Five-mile Point and the residence at Bissel Point (Fig 3.3).  

Egg Results 

 Egg traps can be used to document the presence, but not the absence, of lake trout 

spawning, because deposition can occur without eggs being collected (Schreiner et al. 

1995).  Only the Bissel Point site was tested for its potential for spawning and 

recruitment. Only in Sites 1-3 (Table 5.3) were sampling variables the same for each site; 

therefore caution should be used extrapolating the information between years sampled 

and to all sites (i.e., Site 4, Table 5.4).   Interactions among sites that are possibly 

independent may confound interpretation of some results (Table 4.3, 5.3, 6.3 eggs/site 

column).  Extrapolating present egg or fry densities found for each site may not occur 

uniformly between each site being evaluated independently (Table 5.3). 

Lake trout eggs were found for the first time in Otsego Lake in this study during 

the fall 2002 egg survey at the Bissel Point location.  At least two sites were identified as 

spawning areas and one other was found with potential for egg and larval trap 

deployment.  Egg traps were subsequently set-up in the fall of 2003 to determine egg 

densities for these areas. 

Egg- Sites 
Trap 
days # Eggs # Traps Eggs/trap Eggs/m2 

 
Eggs/site 

 
Bissel Point 

(Site 1) 
70 181 4 45 720 192,000 

Six-Mile 
Point 

82 6 2 3 48 480 

Table 4.3: 2003 summary of egg trap collections.  Total Number of eggs, traps set, eggs  
per trap, eggs per meter square and total eggs per site. 
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Eggs per trap divided by 0.0625 (trap area: m2) gives eggs per m2.  Eggs per m2 

are multiplied by the size of each sample site (267m2; shoreline to bedrock length 

multiplied by total site length), which is the total egg density for each site. The density of 

eggs at the Bissel Point site for 2003, only one of the four sites documented in 2004 

(Table 5.3), was approximately 190,000 eggs. In 2004 the Bissel Point spawning area 

was broken into three sites each being 267 m2.  

 
Site # eggs # traps Eggs/trap Eggs/m2 Eggs/site 
1 87 2 43.5 696 185,832 
2 118 3 39.3 561 149,787 
3 85 3 28.0 400 106,800 

Table 5.3:  Lake trout egg densities at Bissel Point sites for the year 2004.  Number of  
eggs, traps set, eggs per trap, eggs per meter square and total eggs per site. 

 
The total mean density of eggs between sites 1-3 was 527 eggs/m2; assuming 

that same density across spawning sites 1-3 (800/m2) gives us a total of 440,000 eggs 

(Table 5.3).  If a typical mature female egg production is assumed to be 3,000 eggs per 

female (Smith 1985), one could predict from the total eggs/site results 146 female lake 

trout between the three sites.  

(Site)Date # eggs # traps Eggs/trap Eggs/m2 Eggs/site 

(4) Nov. 2 
2004 

291 2 146.0 2336 23,360 

(4) Dec. 2 
2004 

7 2 4.0 57 457 

Table 6.3: Lake trout egg densities at six-mile for the year 2004.  Number of eggs,  
traps set, eggs per trap, eggs per meter square and total eggs per site. 
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The removal of eggs between each site/date (Table 6.3) allowed us to determine 

an approximate spawning time and duration of lake trout spawning activity for Otsego 

Lake. At site 4 eggs were found, indicating spawning activity.  The majority of these eggs 

were deposited before 2 November 2004, however, some eggs were found after 2 

December 2004. 

 Larval Results 

Results from the spring 2002 larval trapping did not document lake trout 

recruitment within the areas sampled of Otsego Lake (Pegs Point, Three mile point and 

Clark point) (Fig. 3.3).   Potential egg predators captured included 12 slimy sculpins, 3 

crayfish, and 1 brown bullhead.  While the traps used were not intended to quantify 

predator abundance or even capture them, their presence was noted as it might limit 

spawning success (Horns and Magnusson 1981, Biga et al. 1998, Marsden et al. 1995, 

Krueger et al. 1995).  Results from 2003 larval trap efforts documented successful 

recruitment at site 1 at Bissel Point (Figure 4.3, Table 7.3).  Larval recruitment data were 

collected there in an effort to optimize larval trap numbers and produce a higher accuracy 

of fry densities per trap/day to determine the period of egg recruitment. 
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Figure 4.3: Total number of fry captured by date of trap deployment for 2003.  

The period of trap deployment gives us an estimation of the overall recruitment 

time period within site 1 at Bissel Point in 2003.  It is expected that a bell curve would 

describe the distribution of fry collected during the egg hatch period.  The highest 

number of fry captured was between the dates of 2 and 11 May 2003.  Maximum number 

of total fry captured was 57 fry between 2 and 5 May 2003. 
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Trap site Date set Date 

retrieved 
# 

Traps 
# Fry CPUE Fry/m2/

day 
Fry/m2/trp 

period 
Site 1 23-Apr 25-Apr 6 2 0.16 0.76 1.52 
W45.586 25-Apr 28-Apr 11 6 0.18 0.86 2.58 
N54.153 28-Apr 30-Apr 6 20 1.66 7.9 15.8 

 30-Apr 2-May 13 31 1.19 5.6 11.2 
 2-May 5-May 12 57 1.58 7.5 22.6 
 5-May 9-May 13 38 0.73 3.5 13.9 
 9-May 14-May 12 17 0.28 1.33 6.6 
 14-May 19-May 10 1 0.02 0.09 0.5 

Total  29 days 83 172 
Table 7.3: 2003 lake trout larval catch rates by trap, total number of fry, and fry per meter  

square per day and trap period. 
 
 Fry caught per trap day gives Catch Per Unit Effort (CPUE).  CPUE divided by 

0.21 (trap size in m2) gives fry emergence/m2/day.  The total of fry/m2/ day was then 

multiplied by each trap period or number of days per each trap set to indicate fry/m2/ trap 

period.  This is done since each trap period is not identical.  The average catch rates were 

3.44 fry/m2/day for the season. This multiplied by 29 days of sampling and the total area 

sampled (267m2) gave the total number of fry (19,944) produced that year at this one site.  

Sites measured in 2004 include Sites 1-3 at Bissel Point.  These sites encompass 

what is proposed as the main spawning area for lake trout in Otsego Lake and therefore 

densities are given with respect to total recruitment for Otsego Lake lake trout in 2004.   

It is recognized that site characteristics may vary from year to year, therefore site 

dimensions and location of larval trap were placed in the same locations as the 2004 egg 

traps to minimize extrapolation errors.   
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Site 1 
Total # 
traps 

Total # 
fry CPUE fry/m 2 

fry/m 2/trap 
day 

4/23/2004 4 4 0.17 0.79 4.76 
4/30/2004 4 5 0.18 0.85 5.96 
5/08/2004 4 10 0.31 1.50 11.90 
5/15/2004 4 10 0.36 1.70 11.90 
5/21/2004 4 0 0 0 0 

Site 2      
4/23/2004 4 0 0 0 0 
4/30/2004 4 1 0.04 0.17 1.19 
5/08/2004 4 7 0.22 1.04 8.34 
5/15/2004 4 3 0.11 0.51 3.57 
5/21/2004 4 0 0 0 0 

Site 3      
4/23/2004 4 0 0 0 0 
4/30/2004 4 2 0.07 0.34 2.38 
5/08/2004 4 0 0 0 0 
5/15/2004 4 1 0.04 0.17 1.19 
5/21/2004 4 0 0 0 0 

Table 8.3: 2004 Lake trout larval catch rates by trap, catch per unit effort (CPUE), fry per  
meters sq. and fry per trap day in meters sq.  
 

 
Average catch rates were 3.96 fry/m2/day for 2004 between sites 1-3. This 

multiplied by the total number of days sampled (28) and the area sampled (800m2) results 

in the total number of fry (90,000) produced that year (2004) between Sites 1-3.  The 

average lake trout fry CPUE in Otsego Lake (0.94 per trap day) was higher than that 

reported from Lake Michigan (0.51) and Lake Superior (0.88) but lower than the average 

CPUE per trap day reported from Lake Champlain (1.92).  

Discussion 
 
Lake trout spawning was documented in 2002 when eggs were recovered from 

Bissel Point north to Six-Mile Point, establishing lake trout spawning success for the first 

time since the early 1950s.  Lake trout spawn in the Great Lakes, typically in deepwater 

rock piles, at least 80 m deep or on nearshore reefs in 3-6m of water (Jude 1981, Marsden 

et al. 1988, Marsden 1994, Perkins and Krueger 1994, Marsden et al. 1995).  The only 
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eggs and larval fry found to date in Otsego Lake were obtained in less than a meter of 

water.  Substrate greater than a meter depth in Otsego Lake is typically filled with 

organic matter and/or silt, making it unsuitable for lake trout to spawn.  It is apparent that 

silt-free substrates are more important to lake trout habitat selection than size or shape of 

substrate.  Lake trout spawning habitat in Otsego Lake was in less than a meter of water 

(20cm) on angular gravel with a smooth pebble mix (Tables 1.3, 2.3 and 3.3).  Lake trout 

spawning habitat in Lake Ontario and Lake Michigan consists of large cobble substrate 

with little to no organic material in 4-6 meters of water (Jude et al. 1981, Krueger 1988, 

Marsden et al, 1988, Marsden 1994, Marsden et al. 1995).  Successful spawning habitat 

within Otsego Lake, however, consists primarily of clean gravel size substrate in less 

than 1 meter of water with small interstitial spaces.   

Lake trout do not protect their eggs and therefore rely on interstitial spaces 

between rocks for the eggs to fall into and be protected from most egg predators.  During 

the 2004 egg sampling period, several common carp (Cyprinus carpio), were found 

feeding on lake trout eggs in less than a meter of water during day-light hours (Tibbits 

2004).  Other egg predators in Otsego Lake are crayfish (Orconectes rusticus), slimy 

sculpins (Cottus cognatus) and tessellated darters (Etheostoma olmstedi).  Heavy wind 

and wave activity may displace eggs from their original deposition sites (water depth 20-

60cm) to deeper sites unsuitable for egg development.  Adult populations of lake trout 

spawning in these near-shore sites are exposed to predators such as bald eagles 

(observed) and possibly herons.   

Natural larval recruitment for the year 2004 was estimated to be 90,000 fry from 

the one Bissel Point site (Table 8.3).   The State of New York annually stocks 
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approximately 5,000 20-25 cm (8-10”) lake trout in Otsego Lake.  The 2002 NYSDEC 

Region IV bi-annual lake trout gill net survey indicated a 3:1 ratio of wild to stocked lake 

trout within Otsego Lake.  Presence of lake trout fry on established sites suggests that 

those sites will have the potential to contribute to the natural recruitment.  However, this 

does not guarantee that equivalent fry production or even similar sites will be maintained 

from year to year.  Presence of unused substrate that seems suitable in substrate size for 

spawning lake trout suggests that spawning habitat may in fact be limiting in Otsego 

Lake.  Small lakes have a greater potential for loss of spawning habitat due to the short 

fetches, therefore less cleaning action by waves (McAughey and Gunn 1995).  

Protection or restoration of reproductive sites has been found to be essential for 

Lake Ontario’s management plan for self-sustaining lake trout populations (Marsden et 

al. 1995).  A mix of coarse cobble and angular gravel/pebble size substrate in and around 

spawning areas has been successful in the Great lakes.  Lake trout have been shown to 

respond to the loss of traditional sites by selecting new artificial sites (McAughey and 

Gunn 1995 and Marsden et al. 1995).  Artificial sites are a suitable, if not better, 

replacement for old historical sites; indications of higher egg density were found at these 

new sites compared to previous sites (McAughey and Gunn 1995).   Artificial substrates 

were found to produce no changes in the timing of a spawning event (McAughey and 

Gunn 1995).  If documented Otsego Lake spawning sites were to be enhanced with 

artificial substrate, measures would need to be taken using physical descriptions, and egg 

and larval estimations over a greater period of time than reported here. 
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Overall Conclusions 

 Otsego Lake is a well documented lake with respect to its physical and chemical 

characteristics.  Therefore these data should help us characterize the biological attributes.  

It is recognized that exotic introductions in any freshwater system can alter trophic 

relationships of those ecosystems.  It is also noticed that game fish can alter their life 

history strategies in response to those changes.  In Otsego Lake, the introduction of 

alewives is associated with the decline of lake whitefish and rainbow smelt, but 

piscivorous lake trout have thrived.   

In this report, lake trout have been shown to reproduce successfully, even with 

suboptimal spawning habitat (based on Great Lakes lake trout research). Genetic 

variability among the adult strains of lake trout in Otsego Lake suggests all strains 

survive to maturity.  Tagged Otsego Lake lake trout did not migrate from the lake, given 

low oxygenated water during the late summer months in the hypolimnetic areas of the 

lake.  However, this information could be misrepresented given our sample size (N=6).  

Lake trout are opportunistic feeders and do feed on alewives throughout the year, and, 

therefore, will contribute to the overall reduction of alewives in Otsego Lake, potentially 

improving the overall lake’s health.    

To date, it seems lake trout in Otsego Lake are successful, despite diminishing 

habitat in both summer refuge areas (hypolimnion) and spawning areas (near-shore), due 

to eutrophy and the introduction of alewives.  Therefore, the potential for emigration 

from the lake and the loss of traditional spawning habitat may still exist.  Further 

employment of management strategies taken today by the NYSDEC is in the fishery’s 
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best interest.  The lake trout behavior documented in this report may help us better 

understand their present conditions and future in Otsego Lake.                
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