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SURVEYS OF FISH IN THE 
TESHEKPUK LAKE REGION DURING 
2006-2007, WITH COMPARISONS TO 

PREVIOUS SAMPLING 
 
 

INTRODUCTION 
 
Freshwater and anadromous fish species in the 
National Petroleum Reserve – Alaska (NPRA) 
provide significant subsistence fisheries for the 
villages of Atqasuk, Nuiqsut, and Barrow.  Studies 
of subsistence fisheries in the Barrow area have 
reported annual harvests of close to 30,000 kg 
(Underwood et al. 1978, Braund et al. 1988).  
Despite the well-recognized importance of 
subsistence fisheries to the people of the area, few 
studies other than those directly related to oil 
development have examined these fisheries or 
associated habitats.  Most studies on the North 
Slope have focused on surveying fish communities 
and habitats directly related to petroleum leases 
and have focused on the area immediately affected 
by the development (e.g., Moulton 2002, 2003, 
2005)  Examples include the Alpine Development-
related studies in the Colville River Delta and in 
the Northeast Planning area of NPR-A. 
 
Most subsistence harvest for Barrow occurs in the 
Dease Inlet/Admiralty Bay area (Philo et al. 1993). 
 The area consists of a complex network of 
interconnected streams and lakes that drain into 
Admiralty Bay (Philo et al. 1993).  Five major 
river systems—the Chipp, Alaktak, Topagoruk, 
Meade, and Inaru rivers—drain into the Bay.  
Teshekpuk Lake, the third largest lake in Alaska, 
is connected to the Dease Inlet/Admiralty Bay 
system by way of the Ikpikpuk/Chipp River 
system.  The Miguakiak (Mayubiaq) River  
(pronounced “May-or-ee-ak”), the sole outlet for 
Teshekpuk Lake, flows into the Ikpikpuk River.   
 
Previous work in Teshekpuk Lake has indicated 
that the lake does not provide particularly 
important summer habitat for fish, likely because 
water temperatures remain cold during the summer 
growing season; however, the lake’s value as 
overwintering habitat has not yet been adequately 
investigated.  In the Arctic, free water is reduced 

by nearly 95% in winter and becomes a scarce, 
critical resource (Craig 1989).  The large volume 
of Teshekpuk Lake that is deeper than 6-7 feet 
(typical maximum ice thickness) may provide 
significant overwintering fish habitat.  Portions of 
the Ikpikpuk and Mayubiaq river channels also 
may have the necessary attributes for successful 
overwinter survival.  Moulton et al. (2007) 
estimated that the Teshekpuk basin and associated 
outlet lakes contained over 152,000 acres (238 sq 
miles) of water deeper than 7 feet that represented 
potential wintering habitat. 
   
The Teshekpuk Lake study program was initiated 
in 2003 with a long-term goal of developing an 
understanding of fish populations using freshwater 
habitats linked to Teshekpuk Lake.  Defining the 
Teshekpuk Lake system is difficult due to the 
complex web of streams, sloughs and lakes in the 
region.  In addition, there are seasonally connected 
habitats and freshwater nearshore habitats that 
temporarily link additional regions after spring 
breakup.  While Teshekpuk Lake itself covers an 
area in excess of 830 km2 (320 mi2), fish using the 
system of connected channels, lakes and nearshore 
regions may have access to an area encompassing 
over 32,600 km2 (12,600 mi2) (Figure 1). 
 
Objectives of the study program are to obtain 
ecosystem information about the Teshekpuk Lake 
aquatic system to better understand habitat use 
patterns by fish within the system and identify 
regions especially important to fish populations.  
Information from the study program is intended to 
provide a basis for improved management 
decisions as use and resource development of the 
region increases.  Priority is placed on broad 
whitefish, which is the species most important to 
subsistence users. 
 
A recent report (Moulton et al. 2007) presents 
results of sampling conducted from 2003 to 2005.  
In 2003-2004, effort focused on the Mayubiaq 
River because it is known locally as providing 
important habitat for broad whitefish (Figure 3).  
This importance is reflected in the large number of 
fishing camps along its banks, and by information 
gained from interviewing people who use the area. 
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In 2005, effort shifted to the southeastern portion 
of the lake and Kealok Creek to investigate use of 
this region by fish in general and broad whitefish 
in particular. 
 
Specific objectives of the 2006-2007 fish survey 
were to conduct studies on the Teshekpuk Lake 
drainage system to:  
 
a) Improve understanding of potential fish 
wintering areas in and around Teshekpuk Lake, 
 
b) Describe habitat use patterns and characteristics 
of fish populations in habitats associated with the 
Teshekpuk Lake system,  
 
c) Evaluate fish feeding patterns in different 
habitats, and 
 
e) Compare results to information obtained in 
previous studies conducted from 1990-1992 and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2003-2005.  
 
The 2006 survey focused on the southern 
portion of the main basin, while sampling in 
2007 was conducted in the northern portion of 
the main basin.  In 2006-2007, the study 
consisted of two study components:  1) 
continued sampling with fyke nets augmented 
by sampling of water chemistry, invertebrate 
and prey sampling, and 2) telemetry 
monitoring of lake trout to identify seasonal 
use patterns of this species.  This report 
focuses on the results of fyke net sampling, 
results of lake trout telemetry will be reported 
separately. 
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Figure 1.  Approximate boundary of fresh and brackish water habitats expected to be used by fish associated with the  
Teshekpuk Lake drainage. 
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METHODS 
 
Water Chemistry  
 
In situ water chemistry parameters were measured 
to assess general fish habitat conditions.  At fyke 
net locations in tributaries or along the lake 
shoreline (Figures 4 and 5), measurements of 
water temperature, specific conductance, dissolved 
oxygen, and pH were taken at a depth of 
approximately 0.5 m (1.5 ft) near the lead of the 
net with a Hydrolab MiniSonde 5 or YSI Model 
85.  A water sample obtained from a depth of 
about 0.3 m (1.0 ft) was returned to the field camp 
to measure turbidity (and pH when the YSI Model 
85 was used).  A Hach 2100P meter was used to 
measure turbidity and an Oakton pH Tester III was 
used to measure pH.  At offshore stations in 
Teshekpuk Lake (Figures 4 and 5), in close 
proximity to lake trout sampling locations, a 
Hydrolab MiniSonde 5 was used to measure the 
same in situ parameters along a vertical profile at 
approximately 0.3 m (1.0 ft) intervals with the 
deepest measurement being taken just above the 
lake bottom.  A water sample obtained from a 
depth of about 0.3 m (1.0 ft) was collected at these 
stations and returned to the field camp to measure 
turbidity.  
 
Water samples were collected from Teshekpuk 
Lake and some its tributaries for laboratory 
analysis of select constituents to further 
characterize fish habitat conditions and describe 
basic chemical properties of water in the region.  A 
surface sample was obtained from all sampling 
locations and a Van Dorn Sampler was used at 
offshore locations to collect a second sample from 
just above the lake bottom.  Samples were 
preserved by refrigeration until analyzed by 
Analytica, Inc., in Fairbanks for alkalinity 
(CaCo3), total dissolved solids (TDS), chloride 
(Cl), sulfate (SO4), calcium (Ca), iron (Fe), 
magnesium (Mg), potassium (K), silicon (Si), and 
sodium (Na). 
 
Lower Trophic Levels  
 
In aquatic ecology lower trophic level refers to 
biological organisms in a position below fish in 

the food chain.  Such organisms sampled in 
Teshekpuk Lake and some of its tributaries 
include phytoplankton (free-floating algae) and 
invertebrates (zooplankton and 
macroinvertebrates).  The chlorophyll a 
concentration of phytoplankton provides an 
estimate of algal biomass in the water column and 
serves as an indicator of primary productivity.  
This is useful for describing the base-level of 
energy available to pass up the food chain to fish.  
Zooplankton and macroinvertebrates were also 
collected in order to evaluate prey availability.  
This information can help explain fish distribution 
and provide evidence of feeding selectivity in 
conjunction with stomach samples.  Multiple 
methods were used to sample the different 
invertebrate habitats (bottom substrate, vegetation, 
water column).  For each method, multiple 
samples were composited in order to characterize 
each site. 
 
Phytoplankton.  Phytoplankton was collected by 
pumping two liters of water through a 0.7 µm 
glass fiber filter and adding MgCO3 to prevent 
degradation of chlorophyll (Porter et al. 1993; 
EPA 2002).  Three samples were collected at each 
location and frozen until they were processed at 
the ADF&G Division of Habitat in Fairbanks.  
Samples were analyzed for chlorophyll a 
concentration with a spectrophotometer after 
extracting pigments with aqueous acetone 
(Clesceri et al. 1998).  
 
Invertebrates.  A Wildco Petite Ponar dredge was 
used to collect benthic (i.e. bottom) 
macroinvertebrate samples in close proximity to 
fyke net sampling sites and at offshore water 
quality sampling sites (Figure 2).  At each site, 
three bottom grabs were taken, rinsed through a 
500-µm mesh sieve, composited, and preserved 
with 95% ethanol.  Samples were processed at the 
Bureau of Land Management / Utah State 
University National Aquatic Monitoring Center 
(BLM/USU NAMC) following procedures 
recommended by the United States Geological 
Survey (Cuffney et al. 1993) and described 
following Vinson and Hawkins (1996).  
 
A D-frame kick net (500 µm mesh) was used to 
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 collect macroinvertebrate samples from vegetated 
habitat in the vicinity of fyke net sets.  A sweep 
sampling technique was utilized with each sample 
consisting of three parallel sweeps through 
macrophytes.  Three samples were collected at 
each location, composited, and preserved with 
95% ethanol.  These were processed at the 
BLM/USU NAMC following the same procedures 
used for dredge samples (Cuffney et al. 1993; 
Vinson and Hawkins 1996).   
 
An 80 µm mesh Wisconsin zooplankton net with a 
30 cm (12 in) opening was used to collect 
invertebrates at all of the sites where the Petite 
Ponar dredge was used.  Three vertical tows were 
conducted with the net starting just above the lake 
bottom.  Samples were preserved with 70% 
ethanol and composited prior to analysis.  These 
were processed at the BLM/USU NAMC and 
were either sub-sampled or processed in their 
entirety, depending on the number of specimens.   
 
Fish Stomachs 
 
Short duration gill net sampling was used in 2007 
to obtain fish stomachs for evaluating the diet of 
least cisco, broad whitefish, and humpback 
whitefish.  This type of sampling ensured that the 
stomach contents reflected feeding activity near 
the time of capture.  The abdominal cavity was 
opened and a small piece of twine was tied around 
both the esophagus and small intestine to prevent 
contents from leaking when placed in preservative. 
 Stomachs were preserved in 70% ethanol and 
processed by Absolute Natural Resources, LLC, in 
Arvada, Colorado. 
 
Fish Sampling 
 
Since the study began in 1990, fyke nets and gill 
nets were used to sample a variety of stations in or 
around the main basin of Teshekpuk Lake (Figure 
3).  In 2006, the sampling effort was focused on 
habitats in the southern portion of the main basin 
(Figure 4).  In 2007, nets were deployed in the 
northern portion of the lake, re-occupying a station 
sampled in 1990-1992  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Prey items commonly found in fish stomachs, 
a. snail (Valvatidae), b. snail (Planorbidae), c.opossum 
shrimp (Mysis), d. clam (Pisiidae), e. chironomids, f. 
amphipod (Monoporeia). 
 
(Figure 5).  Fyke nets were fished for 405 net-
hours in 2006 and 212 net-hours in 2007 (Table 
1).  Effort for all years by station is summarized in 
Appendix Table 1.  
 
During each year (2006-2007), sampling was 
conducted in July.  Periods sampled were as 
follows: 
 
2006:  July 16-24 
2007:  July 21-30 
 
Sampling was primarily by fyke net so that fish 
could be released unharmed.  Fyke nets used had 
an opening 0.9 m deep by 1.1 m wide; the trap end 
was 4.9 m long and made of 9.5 mm mesh.  The 
wings (5 m long) and lead (15 m long) were made 
of 12.7 mm mesh.  The nets were emptied daily.  
Fish were measured and released, with some fish 
retained for laboratory analysis.  Duration of each 
set was recorded to allow calculation of catch 
rates.  In 2006 fyke nets at Station TSB0502, 
sampling a small drainage system on the south 
side of the main basin, were arranged to sample 
fish moving both upstream and downstream.  A 
long lead was set diagonally across the stream  
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Table 1.  Stations sampled for fish during the 2006-2007 Teshekpuk Lake fish study.
(locations in WGS84 datum)

Year Station Station Gear1 Effort
Sampled Designation Location Type Used Latitude Longitude (hrs)

2006
TSB0501 Teshekpuk Lake Lake FN 70.45407 153.45673 43.7
TSB0502 Teshekpuk Lake Lake FN 70.45570 153.57120 238.9
TSB0602 Teshekpuk Lake Lake FN 70.45895 153.44977 122.5

2007
T791 Cabin Creek Lake FN 70.72382 153.74610 212.3
TNG0701 Teshekpuk Lake Lake GN 70.72150 153.73261 4.4
TNG0703 Teshekpuk Lake Lake GN 70.71543 153.73307 3.8
TNG0705 Teshekpuk Lake Lake GN 70.72103 153.74456 3.7
TNG0706 Teshekpuk Lake Lake GN 70.71591 153.75474 6.4
TNG0707 Teshekpuk Lake Lake GN 70.72293 153.73576 4.5

1Gear: FN = fyke net
GN = gill net

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
channel and the trap ends were set to capture fish 
moving either upstream or downstream along the 
lead. 
 
Occasional sets were made with multi-mesh gill 
nets (100 ft long, consisting of 25 ft panels: 3.0, 
3.75, 4.5 and 5.0 inch stretched mesh) and large 
mesh (60 ft nets of 5.0 to 5.5 inch stretched mesh) 
subsistence nets to obtain fish for stomach analysis 
or obtain large specimens for aging.  Gill net sets 
were typically short duration (1 to 4 hours). 
 
Fish longer than 300 mm were tagged to reveal 
fish movements within the drainage system. Floy 
FD-68B anchor tags (monofilament = 5/8 inch, 
vinyl = 1 1/8 inch) were applied to broad whitefish 
and Arctic grayling caught by fyke net. Recaptures 
were from research sampling within the study 
area.  
 
Samples of broad whitefish, Arctic grayling and 
least cisco were retained for analysis of length-
weight, age-length, and state of maturity.  The 
sampling design was to obtain an equal sample 
size for each 50 mm length interval beginning at 
50 mm.  Fish sampled were re-measured to the 
nearest mm fork length and weighed to the nearest 
0.1 gm.  For mature or maturing females, the 
ovaries were removed and weighed to the nearest 
0.1 gm.  Otoliths were read using the  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
break and burn technique.  The otolith is broken  
across the transverse axis, held over a flame until 
the edge begins to discolor, and placed in 
isopropyl alcohol to be viewed with a dissecting 
microscope at 30 power.  Annuli appear as narrow 
dark rings between the wider, lighter annual 
growth bands.  
 
Sex and maturity were determined for each 
sampled fish using the following maturity scale: 
 
1.  Immature:  young individuals that have not 
engaged in reproduction; gonads very small, may 
be hard to identify sex. 
2.  Mature:  non-spawners, eggs are 
distinguishable, ovary pink or orange, sex easy to 
identify.  Testes light brown or ivory, but not 
enlarged. 
3.  Mature:  pre-spawners, likely to spawn this 
year, ovaries large, individual eggs easy to see, 
may be 0.5 to 1.0 mm diameter.  Testes white 
enlarged. 
4.  Spawning Condition:  ripe, eggs or milt 
extruded when light pressure is applied to the 
belly. 
5. Spent:  sex products are discharged leaving  
the gonads appearing like deflated sacs, residual 
eggs and sperm may be present. 
6.  Recovering:  ovaries or testes empty, flaccid; 
fish likely spawned during the previous season. 
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Figure 3.  Stations sampled for fish in and around Teshekpuk Lake during 1990-1992 and 2003-2007 sampling programs.
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Figure 4.  Stations sampled  during the 2006 fish study at Teshekpuk Lake (water chemistry stations in red). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Stations sampled during the 2007 fish study at Teshekpuk Lake (water chemistry stations in red).
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Data Analysis 
 
Age-length relationships for fish caught in 2005-
2007 were compared to those caught in 1990-1992 
and 2003-2004 to evaluate differences in growth 
rate among the three time periods.  This 
comparison allows an evaluation of changes in 
growth rate that may be caused by long-term 
climatic changes.  If the climate is overall warmer 
or cooler, this should be reflected in the time it 
takes for fish to reach a given length.  Fish in 
northern regions increase length in a linear fashion 
with age until maturity, at which time growth 
virtually ceases; therefore, the growth comparison 
was between fish less than the age of first 
maturity.  First, the age of maturity was 
determined by plotting the percent of mature fish 
at each age against age in years.  Not all fish of a 
population mature at a given age, and it can take 
many years for an entire year class to reach 
maturity.  After the age at first maturity was 
determined, the linear models describing the age-
length relationships were compared using analysis 
of covariance to test for differences in slopes of the 
lines and adjusted means (i.e. intercept). 
 
Length-weight relationships were used to evaluate 
differences between fish caught in 2006-2007 and 
those caught in 1990-1992 and 2003-2004.  
Comparison of length-weight relationships allows 
an evaluation of body condition during the two 
time periods, which can reflect habitat quality and 
feeding conditions.  As fish grow they go through 
stages where the body shape changes and have 
different length-weight relationships (Tesch 1968). 
 To ensure a valid analysis, the length frequencies 
of fish caught in 2006-2007 were examined for 
discontinuities that may indicate different growth 
stages, then length and weight data from the three 
sampling periods (1990-1992, 2003-2004 and 
2006-2007) were grouped into the identified 
length groups.  Analysis of covariance was used to 
test for differences in slopes of the lines and 
adjusted means (i.e. intercept) between length 
groups within a time period.  If significant 
differences were not found, the length groups were 
pooled; if significant differences were found, the 
length groups were maintained.  The second test 
compared length groups between time periods. 

 
 
 

 
  



 
 

9

 

RESULTS  
 
Water Chemistry 
 
Tabular results for all in-situ water 
chemistry measurements are in Appendix A. 
 Water temperatures offshore in Teshekpuk 
Lake were significantly cooler in 2006 than 
in 2007 (t-test, p<0.0001), ranging between 
6.6oC to 7.7oC in 2006 and between 10.1oC 
to 10.5oC in 2007 (Figure 6).   
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Figure 6.  Water temperatures were higher in 2007 
than in 2006. 
 
Mean tributary and shoreline temperatures 
exceeded those further out in the lake.  
Temperatures along depth profiles changed 
less then 0.5oC between the lake surface and 
bottom at all sampling locations, including 
stations that were 18 ft deep.  Dissolved 
oxygen, specific conductance, and pH 
offshore in Teshekpuk Lake were also 
significantly different between 2006 and 
2007 (t-test, all parameters: p<0.0001) 
(Figure 7, 8, and 9).  Dissolved oxygen 
concentration was higher in 2006 than in 
2007, although levels were near saturated or 
saturated in both years (Appendix A).  
Specific conductance and pH were lower in 
2006 than in 2007; however, mean specific 
conductance in tributary and shoreline 
waters was higher than in offshore waters 
while mean pH was lower.  Similar to 

temperature, dissolved oxygen, specific  
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Figure 7.  Dissolved oxygen was lower in 2007 than 
in 2006, reflecting the higher water temperatures in 
2007. 
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 Figure 9.  pH levels were higher in 2007 than in 
2006. 
 
conductance, and pH changed relatively 
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little between the lake surface and bottom.  
Turbidity was significantly higher along the 
shoreline compared to tributary and offshore 
locations (t-test, p<0.0001) (Figure 10).  
  

1

10

100

TSBW
Q1

TSBW
Q2

TSBW
Q3

TSB050
2

TSB060
2

TNBWQ1

TNBWQ2

TNBWQ3

TNBWQ4
T79

1

Station

Tu
rb

id
ity

 (N
TU

)

tributary

lake (offshore)

lake (shoreline)

 
Figure 10.  Offshore stations had significantly lower 
turbidity than shoreline stations. 
 
Tabular results for water sample analyses 
are in Appendix B.  Several constituents 
measured in water samples were at a 
significantly higher concentration in 2007 
than in 2006 (t-test, TDS, SO4, Mg, Ca, Cl, 
Na: p<0.004).  Alkalinity, potassium, iron, 
and silicon were not significantly different 
between the two years (t-test, CaCO3: 
p=0.082; K: p=0.920; Fe: p=0.130; Si: 
p=0.330), although concentrations of 
alkalinity and potassium were still higher in 
2007.  Iron levels were below the method 
reporting limit (<MRL) in all except one of 
the 2007 samples and silicon was <MRL in 
all samples except one from both years.  In 
cases where a constituent was <MRL for a 
given sample, this was considered to be 
effectively zero for statistical comparisons.  
Notable outliers in the data include much 
higher concentrations of iron and silicon in 
the 2006 sample taken at station TSB0601.  
There were no statistical differences 
between surface and bottom samples for any 
constituent during either year (Figure 11).    
   
 
 

 
 
 
 
 
  
 
 
 
Figure 11.  Concentrations of dominant ions were 
similar between sample years 2006 and 2007. 

 
Water temperatures at fyke net stations 
during sampling in late July and early 
August in recent years (2003-2007) tend to 
be higher than water temperatures during the 
same period in 1990-1992 sampling (Figure 
12).  Water temperatures measured in 2005 
were similar to the earlier period, but 
temperatures in the other four years were 
noticeably warmer. 
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Figure 12.  Water temperatures at fyke net stations 
were higher in recent sampling (2003-2007) as 
compared to earlier sampling (1990-1992). (dots 
represent mean values, boxes indicate 25% and 75% 
quartiles, vertical lines indicate ranges) 
 
 
Lower Trophic Levels 
 
Phytoplankton 
 
The concentration of chlorophyll a in all 
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phytoplankton samples ranged from 0.62 to 3.63 
mg/L (Appendix C).  Levels in tributary and 
shoreline waters were significantly higher than 
those in offshore waters (t-test, p<0.0001), and 
were highest at the tributary station TSB0602 
(Figure 13).  Chlorophyll a in offshore lake 
water was significantly lower in 2007 than in 
2006 (t-test, p<0.0001).  
 

0

1

2

3

4

TS
BW

Q1

TS
BW

Q2

TSBW
Q3

TSB060
1

TS
B060

2

TN
BWQ1

TN
BWQ2

TNBWQ3

TNBWQ4
T79

1

Station

C
hl

or
op

hy
ll 

a 
(m

g/
m3 )

lake (offshore)

lake 

tributary

 
Figure 13.  Chlorophyll a was higher at shoreline 
and tributary stations than in offshore waters. 
 
Invertebrates 
 
Invertebrate samples collected with the three 
different gear types were largely dominated by a 
single taxonomic family (Table 2).  In all except 
two of the samples half or more of the 
invertebrate community consisted of one family. 
 Petite Ponar samples were dominated by either 
the family Chironomidae, known generally as 
non-biting midges, or Pontoporeiidae, which is a 
type of amphipod.  The three sites sampled with 
a sweep net were variable regarding taxa 
dominance.  The family Diaptomidae 
(copepods) was the most abundant in samples 
collected with a zooplankton net.  A complete 
list of sample results is in Appendix D.  
  
Petite Ponar samples from stations in the 
southern part of Teshekpuk Lake were more 
diverse than those from the northern part of the 
lake (Figure 14). Amphipods, bivalve molluscs 
(e.g. clams), and chironomids were the most 
abundant taxa across all bottom samples.     

Table 2. Dominant invertebrate families at 2006-2007 sampling stations, by gear type. 
 

Gear 
type Station 

Sampling 
date 

Total 
abundance 

Number 
of 

families Dominant family 

% 
contribution 
dominant 

family 
Petite Ponar      
 TSBWQ1 7/22/2006 43 2 Chironomidae 67 
 TSBWQ2 7/22/2006 493 4 Chironomidae 59 
 TSBWQ3 7/23/2006 500 3 Chironomidae 47 
 TSB0601 7/22/2006 107 3 Chironomidae 60 
 TSB0602 7/20/2006 21 1 Chironomidae 100 
 TNBWQ1 7/23/2007 586 2 Pontoporeiidae 96 
 TNBWQ2 7/23/2007 236 1 Pontoporeiidae 100 
 TNBWQ3 7/28/2007 429 2 Pontoporeiidae 98 
 TNBWQ4 7/28/2007 1064 2 Pontoporeiidae 99 
 T791 7/28/2007 7 1 Chaetiliidae 100 
Sweep Net      
 TSB0601 7/22/2006 136 6 Chironomidae 70 
 TSB0602 7/20/2006 338 6 Brachycentridae 37 
 T791 7/26/2007 18 3 Mysidae 83 
Zooplankton Net      
 TSBWQ1 7/22/2006 306 4 Diaptomidae 71 
 TSBWQ2 7/22/2006 338 1 Diaptomidae 83 
 TSBWQ3 7/23/2006 16 2 Diaptomidae 63 
 TSB0601 7/22/2006 95 3 Diaptomidae 59 
 TSB0602 7/24/2006 2 2 Diaptomidae/Chydoridae 50 
 TNBWQ1 7/28/2007 307 2 Diaptomidae 89 
 TNBWQ2 7/28/2007 346 2 Diaptomidae 86 
 TNBWQ3 7/28/2007 738 2 Diaptomidae 92 
 TNBWQ4 7/28/2007 480 2 Diaptomidae 86 
  T791 7/28/2007 467 2 Diaptomidae 91 

  
 
While there were slightly more chironomids 
than amphipods at the southern stations, 
amphipods far outnumbered all other types of 
organisms at most northern stations.  The one 
exception was the sample from the shoreline 
station (T791) which only contained isopods, 
part of the family Chaetiliidae (Table 2).  
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Figure 14.  Samples of bottom sediments from 
stations in the southern portion of Teshekpuk Lake 
contained a more diverse fauna than those from 
northern stations. 
 
Sweep net samples contained all of the taxa 
found in Ponar samples and, in addition, caddis 
flies, stone flies, and worms (Figure 15).  The 
vegetation beds support a more diverse range of 
organisms than the bottom substrate when 
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considering all of the sweep samples together, 
although individual samples tended to be largely 
comprised of two or three taxa.  Dominance 
varied among samples, with chironomids, fairy 
shrimps, and snails each being the most 
abundant at one of the stations.  The two 
samples from the southern shore stations each 
contained five taxa while the sample from the 
northern shore had only three. 
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Figure 15. Sweep net samples from vegetated areas 
contained more diverse fauna than dredge samples 
from lake sediments (note change in scales). 
 
Calanoid copepods represented the most 
dominant group of organisms in zooplankton 
samples (Figure 16).  Another type of organism 
from the same taxonomic class, cyclopoid 
copepods (e.g. Cyclops sp.), were also abundant, 
in addition to copepod nauplii (immature 
stages).  While samples from the northern 
stations were limited to these copepods, samples 
from the southern stations were more diverse, 
containing several additional species from an 
order collectively known as cladocerans, or 

water fleas. 
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Figure 16. Calanoid copepods were the most 
dominant group in zooplankton samples. 
 
Potential fish prey showed substantial variation 
in both Petite Ponar dredge and sweep net 
samples collected in the Teshekpuk Lake region 
between 2004 and 2007.  Benthic and vegetated 
habitats each appear to support a comparable 
variety of macroinvertebrates, with a total of 14 
prey types collected with a Petite Ponar and 16 
prey types collected with a sweep net (Figure 
17).  Chironomids or amphipods tended to 
dominate a majority of the benthic habitat, with 
chironomids also dominating many vegetation 
beds.  However, more macroinvertebrate prey 
types were available overall in stream locations 
compared to Teshekpuk Lake itself based on the 
two sampling methods (Figure 18).  While a 
greater number of samples were collected in the 
stream habitat, which could bias this 
observation, individual sample results from 
streams support this trend when compared to 
lake samples; both Petite Ponar and sweep net 
samples from streams show more diversity in 
prey.  Samples collected from the water column 
with a zooplankton net demonstrate another 
distinct aspect of fish prey availability in stream 
habitat.  While zooplankton types collected were 
similar between the stream and lake sites, this 
method documented the presence of various 
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drifting macroinvertebrates in the stream water 
column (Figure 19). This is a characteristic 
typical of streams and in this case exemplifies a 
greater potential feeding opportunity for fish. 
 

1

10

100

1000

10000

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7

Petite Ponar

1

10

100

1000

10000

Amph
ipods

Biva
lve

 M
ollu

scs
 

Chiro
nom

ids

Opo
ss

um Shrim
ps

Iso
pod

s

Cad
dis 

flie
s

Worm
s

Tad
po

le 
Shr

im
p

Snail
s

Clam
s

Water
 M

ite
s

Ostr
ac

ods

Sto
ne F

lie
s

May
 Fl

ies

Water
 fle

as

Bee
tle

s

Cope
po

ds

Sweep Net

A
bu

nd
an

ce
 

 
Figure 17. Macroinvertebrate samples obtained with 
petite ponar and sweep net revealed a diverse fauna 
in habitats sampled from 2004 to 2007. 
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 Figure 18.  Tributary streams contained a higher 
diversity of potential fish prey than the Teshekpuk 
Lake basin, based on petite ponar and sweep net 
samples from 2004 to 2007. 
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Figure 19.  Samples obtained with a zooplankton net 
also showed higher diversity in tributary streams as 
compared to the main lake. 
 
Fish Stomachs 
 
Stomachs were obtained from 14 least cisco, 13 
broad whitefish, and 9 humpback whitefish in 
2007 along the north shore of Teshekpuk Lake.  
A complete list of prey items identified in the 
stomach samples is provided in Appendix E.  
The types of organisms being utilized as food 
and the proportion of diet for each of the species 
examined are found in Figure 20.  Least cisco 
and humpback whitefish had very similar diets, 
with a majority of stomach contents consisting 
of amphipods followed in abundance by fairy 
shrimps.  A small number of chironomids and 
isopods were also present.  In comparison, the 
stomach contents of broad whitefish included 
twice as many taxa and the most abundant prey 
were isopods and bivalve molluscs.  Only one 
least cisco stomach was empty while there were 
four empty stomachs from both broad whitefish 
and humpback whitefish.    
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Figure 20.  Broad whitefish had a more diverse diet 
than either least cisco or humpback whitefish, based 
on stomach samples from 2007. 
 
Broad whitefish collected for stomach contents 
analysis in 2004 from streams and in 2007 from 
Teshekpuk Lake showed different diet 
compositions (Figure 21).  Chironomids made up 
roughly 20% of the diet in both areas, but the 
remaining prey items were notably different.  
Nearly three-quarters of the prey items in broad 
whitefish stomachs from the Mayubiaq River 
region consisted of snails.  However, snails were 
essentially unavailable to fish captured in 2007 
along the north shore of Teshekpuk Lake, based 
on dredge and sweep samples from that location.  
As a result, broad whitefish relied heavily on 
amphipods, bivalve molluscs, and isopods, which 
strongly dominated the sampled habitats.   
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Figure 21.  The diet of broad whitefish from 
Teshekpuk Lake differed from that of fish caught in 
tributary streams, reflecting prey available in each 
habitat.  
 
Fish Populations 
 
Habitat Use by Dominant Species 
 
During 2006-2007, 8 species of fish were caught 
by fyke net (Table 3).  Three species (least cisco, 
broad whitefish, and Arctic grayling) comprised 
74% of the catch, with least cisco the most 
abundant at 49% of the catch followed by broad 
whitefish at 9.5%.  Ninespine stickleback were an 
additional 24% of the catch.  During sampling 
within Teshekpuk Lake in 1990-1992, least cisco 
accounted for over 82% of the fish caught, broad 
whitefish were 10%, and Arctic grayling less than 
2%.  Burbot were frequently encountered during 
all sampling periods, and while not numerous, 
were conspicuous because of their large size.  
Other notable species encountered included 
Arctic char, northern pike, humpback whitefish, 
and ninespine stickleback, which was the second 
most abundant species in the overall catch.   
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Table 3.  Fish caught by fyke net sampling in the Teshekpuk Lake fish study, 1990-2007.

Mayoriak Kealok &
Main Basin Outlet Area South Basin Main Basin Total

Species (1990-1992) (2003-2004) (2005) (2006-2007) (1990-2007)
Broad whitefish 1,782 1,797 561 384 4,140
Humpback whitefish 16 40 0 18 56
Least cisco 14,331 2,971 961 2,400 18,263
Bering cisco 3 1 0 1 4
Round whitefish 0 0 8 0 8
Arctic grayling 284 1,186 2,168 237 3,638
Arctic char 0 3 0 0 3
Lake trout 1 0 2 0 3
Burbot 21 54 8 14 83
Northern pike 1 11 0 0 12
Pink salmon 5 0 0 0 5
Slimy sculpin 0 8 3 0 11
Alaska blackfish 0 3 0 0 3
Threespine stickleback 0 12 0 2 12
Ninespine stickleback 904 369 3,454 983 4,727

Total Fish: 17,348 6,455 7,165 4,039 35,007
No. of Species: 10 12 8 8 15
Total Effort (hrs): 1,481 1,852 1,294 617 4,627  
 
Broad Whitefish.  Broad whitefish were the 
third most abundant fish caught in 2006-2007 
(Table 3).  They were the dominant species at 
Shukluq, and a major component of the catch at 
most other stations (Figure 22).   Broad 
whitefish consistently comprised 8 to 12% of the 
total catch across all areas, except in the outlet 
region where they comprised 28% of the catch. 
 
During 1990-1992, broad whitefish were second 
in abundance to least cisco.  The mean catch rate 
at that time was 33.7 fish per day, about 36% 
higher than the overall mean 21.3 fish per day 
observed at lake shore stations in 2005.  At 
Station T791, the mean catch during 2007 (11.1 
fish per day) was quite similar to the mean catch 
for 1990-1992 (10.9 fish per day, range: 4.2-
22.4) (Figure 23). 
 
In recent years, large broad whitefish seemed to 
be more abundant than previously caught 
(Figure 24).    Larger fish (fork length over 400 
mm, 16 inches) represented in excess of 35% of 
the catch in each of the four recent sampling 
periods (2003-2004, 2005, 2006 and 2007), 
which covered a broad range of habitats around 
the lake basin.  In contrast, large broad whitefish 
were less that 5% of the catch in fyke net 
sampling during 1990-1992 along the northern 
shore and were not caught in 1992 in the eastern 
basin.     
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Figure 22.  Catch composition by proportion of dominant species at western Teshekpuk Lake fyke net sampling stations, 1990-2007, 
scaled to CPUE (Bdwf = broad whitefish, Hbwf = humpback whitefish, Lcis = least cisco, Gray = Arctic grayling).
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Figure 23. Mean annual catch rates of dominant 
species at Station T791 along the northern shoreline 
of Teshekpuk Lake. 
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Figure 24.  Comparison of broad whitefish length 
frequencies at various times and regions around 

Teshekpuk Lake. 
 
Least Cisco.  Least cisco was the most abundant 
species encountered during fyke net sampling in 
the Teshekpuk Lake studies, representing over 
52% of the catch.  They were the predominate 
species in each region except for sampling 
within the Kealok drainage in 2005 (Table 3).  
Least cisco dominated the catch at stations 
closer to Teshekpuk Lake, and were a lesser 
component of the catch at stations away from 
the lake (Figure 22).  Catch rates at Station T791 
during 2007 were similar to those reported from 
1990-1992 (Figure 23). 
 
The abundance of small least cisco (100-200 
mm) within Teshekpuk Lake, as compared to 
outlet and tributary habitats, is reflected in the 
length frequencies (Figure 25).  Less than 10% 
of the least cisco caught within Teshekpuk Lake 
exceeded 200 mm fork length.  Least cisco 
caught in outlet and tributary habitats covered a  
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Figure 25.  Comparison of least cisco length 
frequencies at various times and regions around 
Teshekpuk Lake. 
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broader range of sizes, with fish over 200 mm 
representing over 30% of the catch.   
 
Arctic Grayling.  Arctic grayling were third in 
abundance after least cisco and broad whitefish 
(ninespine stickleback excluded) (Table 3).  
They represented a high proportion of the catch 
at tributary stations, but were also a large 
contributor to the catch at outlet stream stations 
(Figure 22).  For example, Arctic grayling 
represented 18% and 30% of catches in the 
outlet region and in the Kealok region, yet were 
less than 6% of catches at stations within 
Teshekpuk Lake proper.  
 
As discussed in Moulton et al. (2007), the 
highest abundance of Arctic grayling was in 
lower Kealok Creek during June 2005.  A fyke 
net set to sample fish moving upstream averaged 
620 fish per day on June 18 and 22, with over 
95% of these being age 1 and age 2 fish (50-130 
mm). 
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Figure 26.  Comparison of Arctic grayling length 
frequencies at various times and regions around 
Teshekpuk Lake. 
 
A broad range of sizes were typically present in 

each sampling period around the lake basin 
(Figure 26).  Moulton et al. (2007) noted that the 
largest fish (longer than 375 mm, 15 inches) 
were present mostly in June following spring 
spawning.   
 
Burbot.  A total of 14 burbot were caught at 
Station T791 during the 2007 sampling, with 
fish ranging from 225 to 795 mm (9 to 32 
inches); none were caught in 2006.   
 
Humpback Whitefish.  Humpback whitefish 
catch totaled 28 fish, ranging from 80 to 435 
mm (3 to 17.75 inches, Figure 27).  Most (18) 
were caught by fyke net at Station T791, with 
the remainder taken nearby with gill nets.   
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Figure 27.  Length frequency of humpback whitefish 
caught at Teshekpuk Lake during 2007 sampling along 
the northern shoreline. 
 
Movements of Tagged Fish 
 
During 2006-2007, a total of 247 fish were 
released with Floy anchor tags from stations in 
the Teshekpuk Lake study region.  Broad 
whitefish accounted for 68% (168 tags) of the 
releases, while the remaining 32% (79 tags) 
were Arctic grayling.  Five tagged broad 
whitefish were recaptured, with four of the 
recaptures from releases in previous years 
(Table 4).  One broad whitefish recaptured at 
Station TSB0502 in July 2006 had been released 
at Nigligaak in June 2003, and had been at large 
for 1,120 days.  Three fish that had been tagged 
at southern shoreline stations in 2005 were 
recaptured in the same region approximately one 
year later.   
 
Four Arctic grayling recaptures in 2006 were all 
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within 4 days of initial tagging (Table 4).  One 
fish moved from Station TSB0502 to TSB0602, 
a distance of about 3.4 shoreline miles, in 2 
days, the only observed movement between 
stations by Arctic grayling during 2006.   
 
None of the six broad whitefish and 1 Arctic 
grayling released in 2007 at Station T791 were 
recaptured. 
 
Table 4.  Tagged fish recaptured during 2006-2007 Teshekpuk Lake study.
(fish moving between stations are highlighted in bold)

Release Release Release Recap Recap Recap Days at
Species Station Date Length Station Date Length Large
Broad whitefish MTRIB1 Jun 26 03 407 TSB0502 Jul 20 06 445 1120

TSB0502 Aug 27 05 470 TSB0502 Jul 16 06 467 323
TSB0502 Aug 29 05 428 TSB0602 Jul 21 06 434 326
TSB0502 Aug 29 05 470 TSB0502 Jul 20 06 470 325
TSB0502 Jul 16 06 502 TSB0502 Jul 17 06 504 1

Arctic grayling TSB0502 Jul 16 06 336 TSB0502 Jul 20 06 336 4
TSB0502 Jul 17 06 385 TSB0502 Jul 20 06 385 3
TSB0502 Jul 20 06 385 TSB0602 Jul 22 06 382 2
TSB0602 Jul 20 06 380 TSB0602 Jul 21 06 -- 1  

 
Age, Growth and Maturity 
 
One of the main objectives of the 2007 study 
period was to compare growth of broad whitefish, 
Arctic grayling and least cisco at this time to those 
sampled during the 1990-1992 survey of fish in 
Teshekpuk Lake (Philo et al. 1993).  In 2007, 
sampling was at the same location fished in 1990-
1992 to reduce location effects described in 
Moulton et al. (2007).  In 2003-2004, sampling 
stations were primarily in the outlet region of 
Teshekpuk Lake and broad whitefish and least 
cisco caught at those stations showed considerably 
different growth rates and age structures than those 
caught at stations within the lake in 1990-1992.  
Age and length data from 2005 and 2006 were 
combined with 2007 data because those samples 
were also obtained from stations within Teshekpuk 
Lake 
 
Broad Whitefish.  Broad whitefish caught in 
2003-2004 and 2005-2007 were larger and older 
than the fish sampled in 1990-1992 (Figures 24 
and 28).  In 2003-2004, 73% of the captured fish 
were larger than 300 mm (12 inches), while only 
16% of the 1990-1992 fish exceeded this length. 
 Over 64% of the broad whitefish from stations 
within the lake in 2005-2007 exceeded 300 mm. 
 Similarly, 36% and 45% of the 2003-2004  and 
2005-2007 sampled fish exceeded 14 years of 

age, while in 1990-1992 only 5% exceeded this 
age. 
 

0

10

20

30

40

50

60

70

80

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 2 2 2 4 2 6 2 8 3 0

Broad Whitefish
1990-1992
(503 fish)

0

2

4

6

8

10

12

14

16

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 2 2 2 4 2 6 2 8 3 0

2003-2004
(163 fish)

Age in Years

N
um

be
r o

f F
is

h

0

2

4

6

8

10

12

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

2005-2007
(69 fish)

 
Figure 28.  Broad whitefish sampled from the 
Mayubiaq River region in 2003-2004 and from, 
Teshekpuk Lake in 2005-2007 covered a greater 
range of ages than those sampled from Teshekpuk 
Lake in 1990-1992. 
 
The age-length relationship of broad whitefish 
caught in 2005-2007 was compared to those 
caught in 1990-1992 and 2003-2004 to evaluate 
the rate of growth among the time periods.  The 
length of fish in northern regions increases in a 
linear fashion with age until maturity, at which 
time growth virtually ceases.  This is reflected in 
the age-length relationship for the entire 
population (Figure 29).  Therefore, the growth 
comparison was between fish less than the age 
of maturity.  One problem with this approach is 
that all broad whitefish do not reach maturity at 
the same age.  In the Teshekpuk region, broad 
whitefish begin to mature at age 8 but full 
maturity is not reached until about age 16.  Fish 
up to age 11 were included in this growth 
comparison, because only 10% of the fish are 
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mature by this age, and maturity rates rise 
sharply after age 11. 
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Figure 29.  Comparison of age-length relationships 
of broad whitefish caught in the Teshekpuk Lake 
region during 1990-1992, 2003-2004, and 2005-
2007.  
 
An analysis of covariance was used to compare 
the linear relationships that describe growth 
among the three time periods (Table 5).  In two 
cases, the difference between the slopes of the 
lines was highly significant (p<0.001), with the 
slope describing growth in 2003-2004 being 
greater than those describing growth in 1990-
1992 and 2005-2006.  There was no difference 
in slope or intercept between the 1990-1992 and 
2005-2007 periods.  As previously indicated, 
sampling in 2003-2004 was in the outlet region, 
while the 1990-1992 and 2005-2007 were 
primarily from the main lake basin.  The 
differences in growth as measured by age-length 
relationships seem to be more related to habitat 
than time period. 
 
Another way to compare growth differences is to 
examine length-weight relationships among time 
periods to evaluate differences in weight  

Table 5.  Analysis of covariance results from testing for differences
in broad whitefish age-length relationships among time periods
1990-1992, 2003-2004 and 2005-2007. (values are p values
for test between different time periods; significant differences
identified in bold)

Time Lake Stations Outlet Stations Lake Stations
Period Test 1990-1992 2003-2004 2005-2007

1990-1992 slope -- 0.000 0.246
adj. means1 -- 0.129 0.117

2003-2004 slope -- -- 0.001
adj. means1 -- -- 0.210

1 adjusted mean = test for difference in intercept  
 
for a given length.  Broad whitefish sampled 
from fyke net catches were divided into 3 length 
groups (50-275 mm, 276-430 mm, and greater 
than 430 mm) based on gaps in the length 
frequency of sampled fish.  Analysis of 
covariance was used to evaluate statistical 
differences between the slope and intercept of 
the linear relationships based on log-transformed 
lengths and weights.  There was no statistical 
difference between small (50-275 mm) and 
medium (276-430 mm) fish in any time period, 
so data from the two length groups were pooled 
within each period.  For these small to medium 
fish, comparison among the three time periods 
indicated no significant difference in slopes of 
the lines; however, differences in intercepts were 
highly significant in all three periods 
(p<0.00001).   
 
When small/medium fish were compared to 
large fish, there were significant differences 
between the regression slopes for both 1990-
1992 (p=0.003) and 2003-2004 (p=0.0001), 
which justifies considering the larger fish in a 
separate analysis.  Analysis of covariance 
between large fish indicated there was no 
significant difference in either slope or intercept 
for any of the three time periods.  
 
An analysis of estimated weight at various 
evaluation lengths was used to illustrate the 
differences in these length-weight relationships 
among the small/medium pooled length groups. 
For each of the year and size categories, an 
estimated weight was calculated for evaluation 
lengths at the low, middle and upper end of each 
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Table 7.  Analysis of covariance results from testing for differences in broad whitefish length-weight relationships between the time
periods 1990-1992, 2003-2004 and 2005-2007.  (values are p values for test between different size groups and time periods;
significant differences identified in bold)

Length
Time Size Interval Pooled Pooled Pooled

Period Group (mm) Test small medium 50-430 large small medium 50-430 large small medium 50-430 large
1990-1992 small 50-275 slope -- 0.918 -- -- -- -- -- -- -- -- -- --

adj. means1 -- 0.442 -- -- -- -- -- -- -- -- -- --

1990-1992 pooled 50-430 slope -- -- -- 0.003 -- -- 0.063 -- -- -- 0.071 --
(small/medium) adj. means1 -- -- -- 0.060 -- -- 0.0000 -- -- -- 0.0000 --

1990-1992 large over 430 slope -- -- -- -- -- -- -- 0.980 -- -- -- 0.443
adj. means1 -- -- -- -- -- -- -- 0.776 -- -- -- 0.057

2003-2004 small 50-275 slope -- -- -- -- -- 0.075 -- -- -- -- -- --
adj. means1 -- -- -- -- -- 0.605 -- -- -- -- -- --

2003-2004 pooled 50-430 slope -- -- -- -- -- -- -- 0.0001 -- -- 0.448 --
(small/medium) adj. means1 -- -- -- -- -- -- -- 0.008 -- -- 0.0000 --

2003-2004 large over 430 slope -- -- -- -- -- -- -- -- -- -- -- 0.424
adj. means1 -- -- -- -- -- -- -- -- -- -- -- 0.097

2005-2007 small 50-275 slope -- -- -- -- -- -- -- -- -- 0.803 -- --
adj. means1 -- -- -- -- -- -- -- -- -- 0.306 -- --

2005-2007 pooled 50-430 slope -- -- -- -- -- -- -- -- -- -- -- 0.881
(small/medium) adj. means1 -- -- -- -- -- -- -- -- -- -- -- 0.705

1 adjusted mean = test for difference in intercept

1990-1992 2005-20072003-2004

length range using the associated length-weight 
relationship to calculate the estimated weight 
(Table 6).  This evaluation indicates that 
small/medium broad whitefish (50-430 mm) 
from the 2005-2007 period had the lowest 
weight for a given length in this size class.  Fish 
from 1990-1992 were intermediate, while those 
from 2003-2004 had the highest weight per 
given length.   
 
 
Table 6.  Broad whitefish from 2005-2007 had the 
lowest estimated weight at each evaluation length, 
while those from 2003-2004 had the greatest weights.

Evaluation
Length
(mm) 1990-1992 2003-2004 2005-2007

75 3.5 3.8 3.4
250 153.5 162.9 148.7
430 845.7 882.3 815.8

Estimated Weight (gm)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7 provides a summary of results from the 
analysis of covariance for broad whitefish 
length-weight comparisons. 
 
Least Cisco.  Least cisco caught in 2005-2007 
showed more similarities to those caught in 1990-
1992 than did broad whitefish.  Both sampling 
periods contained a large group of small least cisco 
(90-200 mm, 3½ -7½  inches); these were mostly a 
group of lake-resident stunted fish that never grow 
very large (Figure 25, see also Philo et al. 1993).  
This group of lake-resident fish is reflected in the 
age distribution, where least cisco from the 1990-
1992 and 2005-2007 time periods are older than 
fish from the 2003-2004 sampling despite being 
smaller.  Over 30% of the sampled least cisco 
were 10 years or older from sampling within the 
lake as compared to 19% from the 2003-2004 
sampling in the outlet region.   
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The age-length distribution of least cisco from 
2005-2007 sampling also showed similarities to 
that of 1990-1992 (Figure 30).  A group of slow-
growing, presumably lake-resident fish, was 
apparent in both periods, but essentially absent 
from sampling in the outlet region in 2003-2004. 
 
Least cisco in the Teshekpuk study region mature 
at age 6, thus the analysis of growth using the age-
length relationship used ages 0 to 6 for the analysis 
of covariance.  As described by Moulton et al. 
(2007), slopes of the lines describing least cisco 
growth in 1990-1992 and 2003-2004 were not 
different, however, the intercepts were 
significantly different (p<0.0001), indicating 
parallel lines.  Length at a given age was higher 
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Figure 30.  Comparison of age-length relationships 
of least cisco caught in the Teshekpuk Lake region 
during 1990-1992, 2003-2004, and 2005-2007.  
 
in 2003-2004 compared to 1990-1992, but, as in 
broad whitefish, this was caused by small least 
cisco residing within Teshekpuk Lake that show 
stunted growth (see Philo et al. 1993). 
   
 

1990-1992:
y = 0.065x + 1.8394

2003-2004:
y = 0.0714x + 1.9032

2005-2007:
y = 0.0586x + 1.9713

1.5

1.7

1.9

2.1

2.3

2.5

0 1 2 3 4 5 6 7

Age (years)

Lo
g 

(F
or

k 
Le

ng
th

)

1990-1992
2003-2004
2005-2007

 
Figure 31.  Age-length relationships indicated that 
least cisco caught during 1990-1992 were smaller at 
a given age than were those caught in either 2003-
2004 or 2005-2007. 
 
Results were similar for comparison of age-
length relationships between 1990-1992 and 
2005-2007.  Slopes of lines from both time 
periods were not significantly different, but 
intercepts were different (p<0.0001), with fish 
from 2005-2007 showing a greater length at 
similar ages (Figure 31).  Least cisco from 2003-
2004 and 2005-2007 periods were not 
significantly different. 
 
Comparison of least cisco length-weight 
relationships among years was complicated by 
the occurrence of an external copepod parasite, 
Coregonicola, which has a profound effect of 
the health, and subsequently length-weight 
relationship, of the host fish.  During 1990-
1992, this parasite infected 4.3% of the captured 
least cisco at Station T791.  The debilitating 
effect of the parasite is clear in the field (Figure 
32), as parasitized fish are noticeably thinner 
than non-parasitized fish of the same size.  The 
statistical difference was highly significant 
(p<0.00001), with the difference being in the 
intercept, indicating that the lines were parallel 
(Figure 33).  The parasite was rarely found on 
broad whitefish. 
 
Non-parasitized least cisco from the three tested  
sampling periods were divided into three length 
groups, 50-124 mm, 125-249 mm and greater than 
249 mm, to evaluate length-weight relationships. 
The length weight relationships for small (50-124 
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mm) fish from 1990-1992 were significantly 
different from medium fish, and medium fish were 
significantly different from large fish, thus fish 
from 1990-1992 could not be  
 

 
 
Figure 32.  The presence of the parasitic copepod 
Coregonicola (on bottom fish) has a profound effect 
on the health of parasitized least cisco. 
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Figure 33.  Differences in length-weight 
relationships for parasitized and non-parasitized 
least cisco were highly significant (p<0.00001).  
(slopes were not statistically different, intercepts 
were). 
 
pooled across sizes.  Conversely, small fish from 
2003-2004 were not significantly different from 
the medium fish of 2003-2004, and those were not 
significantly different from the large fish (greater 
than 249 mm).  Fish from 2005-2007 showed the 
same pattern, thus for the two recent periods, least 
cisco could be pooled across all sizes and each 
time period could be treated as one group.  When 

testing between time periods, there were no 
significant differences among small fish (50-124 
mm) from any of the three periods.   As a result, 
the medium and large fish from 1990-1992 were 
tested separately against similar-sized fish in 2003-
2004 and 2005-2007, and all these tests were 
showed significant differences, with the  
difference being for intercept.  In addition, the fish 
pooled over all sizes from 2003-2004 were 
significantly different than those from 2005-2007. 
 Table 8 provides a summary of the analysis of 
covariance results for least cisco length-weight 
comparisons.   
 
As with broad whitefish, an analysis of 
estimated weight at various evaluation lengths 
was used to illustrate the differences in these 
length-weight relationships.  For each of the 
year and size categories (except for small fish, 
which were not significantly different from each 
other), an estimated weight was calculated for 
evaluation lengths at the low, middle and upper 
end of each length range using the associated 
length-weight relationship to calculate the 
estimated weight (Figure 34).  This evaluation 
indicates that fish from the 1990-1992 period 
had the lowest weight for a given length across 
all sizes.  Fish from 2005-2007 were 
intermediate, while those from 2003-2004 had 
the highest weight per given length. 
 
Arctic Grayling.  Insufficient samples of Arctic 
grayling were obtained in 2005-2007 to analyze  
for differences in age-length or length-weight 
relationships.  Analyses of these relationships for 
1990-1992 and 2003-2004 are reported in 
Moulton et al. (2007).   
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Table 8.  Analysis of covariance results from testing for differences in length-weight relationships for least cisco between
the time periods 1990-1992 , 2003-2004 and 2005-2007.  (values are p values for test between different size groups and time
periods;significant differences identified in bold)

Length
Time Size Interval pooled

Period Group (mm) Test small medium large small medium large small medium large over 50
1990-1992 small 50-124 slope -- 0.213 -- 0.931 -- -- 0.111 -- -- --

adj. means1 -- 0.000 -- 0.507 -- -- 0.997 -- -- --

1990-1992 medium 125-249 slope -- -- 0.048 -- 0.623 -- -- 0.113 -- --
adj. means1 -- -- 0.010 -- 0.0000 -- -- 0.007 -- --

1990-1992 large over 249 slope -- -- -- -- -- 0.629 -- -- 0.788 --
adj. means1 -- -- -- -- -- 0.022 -- -- 0.0001 --

2003-2004 small 50-124 slope -- -- -- -- 0.699 -- 0.716 -- -- --
adj. means1 -- -- -- -- 0.485 -- 0.993 -- -- --

2003-2004 medium 125-249 slope -- -- -- -- -- 0.060 -- -- -- --
adj. means1 -- -- -- -- -- 0.823 -- -- -- --

2003-2004 pooled over 50 slope -- -- -- -- -- -- -- -- -- 0.204
adj. means1 -- -- -- -- -- -- -- -- -- 0.019

2005-2007 small 50-124 slope -- -- -- -- -- -- -- 0.226 -- --
adj. means1 -- -- -- -- -- -- -- 0.085 -- --

2005-2007 medium 125-249 slope -- -- -- -- -- -- -- -- 0.565 --
adj. means1 -- -- -- -- -- -- -- -- 0.656 --

1 adjusted mean = test for difference in intercept
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 Figure 34. Least cisco (non-parasitized) from 1990-
1992 had the lowest estimated weight at each 
evaluation length, while those from 2003-2004 had the 
greatest weights. 
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DISCUSSION 
 
Physical Environment of Teshekpuk Lake 
 
Higher water temperatures in Teshekpuk Lake 
during 2007 were a result of much warmer air 
temperatures, as demonstrated by weather data 
recorded at the Ikpikpuk River gage station 
(N69.76700, W154.66400) (Figure 35).  While 
this weather station is not immediately adjacent to 
the lake, it is representative of general conditions 
across the region.  Daily maximum air 
temperatures during the days preceding depth 
profile measurements in 2007 were 9-14oC 
warmer than in 2006.  A range of offshore water 
temperatures similar to those measured by this 
project in 2007 (10.1-10.5oC) were also measured 
by the USGS in Teshekpuk Lake in late July 2008 
(Ben Jones, Anchorage, unpublished data).  The 
warmer water temperatures at tributary and 
shoreline stations compared to offshore is 
expected since shallower water heats more 
quickly.  The well-mixed condition of the lake 
offshore, which was evident by the lack of thermal 
stratification, is typical of Arctic lakes during the 
summer and is due to wind.  Mean daily wind 
speeds during July rarely fell below 7 mph and the 
mean monthly wind speed for both years was 9 
mph (Figure 36).   
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Figure 35. Daily maximum air temperatures recorded 
at Ikpikpuk River gage station during July were much 
higher in 2007 than in 2006. 
 
The distribution of water temperatures has notable 
implications for fish.  In general, warmer water 

can lead to increased biological productivity (e.g. 
greater prey biomass) and higher growth rates 
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Figure 36. Daily wind speeds recorded at Ikpikpuk 
River gage station during July were similar in 2006 and 
2007. 
 
for some fish species, but it can also be detrimental 
by compromising metabolic processes for other 
species (Magnuson et al. 1979).  It has been 
widely accepted that the optimal thermal range for 
both adult and juvenile lake trout is 8-12oC 
(Stewart et al. 1983; Mac 1985; Christie and 
Regier 1988; Magnuson et al. 1990; Edsall and 
Cleland 2000) and significant physiological stress 
is expected above 15oC (Martin and Olver 1980; 
MacLean et al. 1990).  This is discussed further in 
Morris et al. 2010. 
 
The relatively minor changes in dissolved oxygen, 
specific conductance, and pH with depth further 
demonstrate the continuous circulation of water in 
Teshekpuk Lake.  Lower dissolved oxygen 
concentrations in 2007 were a direct result of 
water temperatures since warmer water cannot 
hold as much oxygen.  Even so, conditions 
remained optimal for fish with essentially 
saturated dissolved oxygen levels due to relatively 
constant wind and wave action that incorporates 
atmospheric oxygen into the aquatic environment. 
 Specific conductance varies due to a number of 
factors, including temperature, concentration and 
proportions of ions, and total dissolved solids 
(Thomas 1986).  While the interaction of all of 
these factors ultimately determines specific 
conductance, each individual factor was elevated 
in 2007, explaining the higher conductivity in the 
lake. Teshekpuk Lake can be generally classified 
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as strongly alkaline based on the pH levels 
measured in 2006 and 2007.  Although multiple 
complicated factors influence pH, the trend in 
Arctic lakes typically follows that of alkalinity 
(Hobbie 1980), which is a measure of the capacity 
for water to neutralize acid.  Alkalinity was 
slightly higher in 2007 and provides some 
explanation for the measured increase in pH.   
 
The higher level of turbidity along the lake 
shoreline compared to offshore waters was due to 
wind and wave action stirring up sediments and 
was visible during field work as a distinct band of 
turbid water around the perimeter of the lake.  This 
band likely provides cover for some fish and may 
be utilized as an important zone for feeding and 
migrations.  Two lake trout were captured with a 
gill net in this shallow, turbid zone and were likely 
there for feeding.  Other studies that focused on 
lake trout distribution have documented extended 
residence of lake trout in warmer, nearshore areas 
presumably for feeding (Olson et al. 1988; Sellers 
et al. 1998).  Considering recent knowledge that 
suggests lake trout have a higher temperature 
tolerance than published limits, prey distribution 
may be more influential in determining lake trout 
distribution than previously believed (Sellers et al. 
1998).  
 
Major constituents analyzed in water samples from 
Teshekpuk Lake are largely at concentrations 
within the range observed at other lakes in the 
northeast NPR-A (Kostohrys et al. 2000; BLM 
2004-2008 unpublished data).  In most natural 
water calcium is the dominant cation, followed by 
magnesium (Hem 1985).  In Teshekpuk Lake 
calcium is the major cation but sodium is at the 
second-highest concentration.  This is likely due to 
its proximity to the coast, as sodium is the 
dominant cation in many waterbodies closer to the 
Arctic Ocean (Hobbie 1980).  For reasons that are 
not clear, the concentration of iron and silicon in 
the 2006 TSB0601 sample are a level of 
magnitude higher than in any other sample.  
However, since iron and silica are dissolved from 
soils and sediments (Hem 1985) the composition 
of the bank at this shallow shoreline station could 
have considerable influence, especially since many 
soils of the Arctic Coastal Plain are comprised of 
iron-rich peats (Hobbie 1984).   

In general, quantifying the water chemistry of 
Teshekpuk Lake is most useful for establishing 
baseline levels and tracking over time.  Many of 
the constituents are essential elements to plants 
and animals at low levels (e.g. Ca, Fe, Mg, K, Si). 
 However, a significant increase in any element or 
compound can cause an ecological shift affecting 
fish.  For example, diatoms are unable to grow in 
waters where silicon is <0.5 mg/L (Hobbie 1980). 
 Above this concentration the algal community 
structure can be substantially different, affecting 
the invertebrate community and ultimately the 
prey available for fish.  Similarly, iron can limit 
the concentration of phosphorous and both of 
these elements control algal growth (Hobbie 
1984).  Human activities can be an important 
contributing source of water quality components 
such as salts, sulfate, dissolved solids, and metals 
due to atmospheric deposition or surface runoff 
(Glass 1999).   
 
Lakes with low nutrient inputs and low organic 
production, typically apparent by algal conditions, 
are termed oligotrophic.  The range of chlorophyll 
a quantities measured in phytoplankton samples 
from Teshekpuk Lake indicates exceedingly small 
amounts of algae in the water column and 
describes ultra-oligotrophic conditions found in 
other Arctic lakes (Hobbie 1980).  Levels of 
chlorophyll a at shoreline stations were higher than 
at offshore stations and the highest level was 
observed at the tributary station.  The shallower, 
warmer waters at these locations provide 
environmental conditions more conducive to 
primary productivity.  This same observation was 
noted for phytoplankton samples collected from 
the southwest portion of the lake and a nearby 
tributary in 2005.  In that case, the chlorophyll a 
concentration at the tributary (2.14 mg/m3) was 
more than three times higher than the 
concentration in the lake (0.62 mg/m3). 
 
There were notable differences between 
invertebrate sample results from the stations along 
the southern shore collected in 2006 and those 
from the northern shore collected in 2007.  
Samples collected from the southern stations were 
more diverse for all three types of gear.  Some 
qualitative observations in the field potentially 
provide a partial explanation for this trend 
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regarding macroinvertebrate (Ponar dredge and 
sweep net) samples.  Substrate in the northern part 
of the lake collected with the Ponar appeared to be 
primarily composed of sand and the shoreline 
composition was largely gravel.  In comparison, 
there appeared to be much more mud/silt and 
vegetation along the southern portion of the lake.  
There is no clear indicator of why no cladocerans 
were collected from the water column in the north. 
 
Along the southern portion of the lake, the most 
abundant macroinvertebrate food items available 
to fish were chironomids and amphipods on the 
lake bottom and snails, chironomids, and caddis 
flies in the shoreline or tributary vegetation beds.  
Along the northern portion of the lake, amphipods 
far outnumbered all other prey types on the lake 
bottom and fairy shrimp dominated the one area of 
shoreline vegetation that was sampled.  The diet 
composition of least cisco and broad whitefish 
collected in the north were similar and reflected 
what was available in the habitat, with amphipods 
and fairy shrimp making up over 95% of the 
stomach contents.  Broad whitefish consumed a 
greater range of prey items, over 70% of which 
were bivalve molluscs and isopods which were 
present at much lower densities in the habitat.  
Zooplankton (both cladocerans and copepods) can 
also provide a significant food resource for 
whitefish species (Jacobsen 1974; Strange 1985; 
Tikkanen et al. 1988).  However, since the 
analysis of stomach samples focused on 
macroinvertebrates, the relative importance of 
zooplankton for whitefish in Teshekpuk Lake 
remains unknown.   
 
Comparison of Growth between Time Periods 
 
The present data set collected between 1990 and 
2007 covers the period of warming that focused 
attention on the subject of climate change 
(Hinzman et al. 2005).  A number of biological 
responses by fish to warming temperatures can 
be hypothesized, mostly relating to growth and 
condition.  Warmer water temperatures should 
increase the duration of the growing season and 
likely the amount of available food, as prey 
species are likely to increase in abundance.  Data 
from this study indicate that least cisco appear to 
have responded more to climate changes than 

have broad whitefish. 
 
Age-length relationships from broad whitefish and 
least cisco for the periods 1990-1992, 2003-2004 
and 2005-2007 were examined to evaluate 
differences in growth rate between the time 
periods.  Moulton et al. (2007) described 
substantial differences in the sampled broad 
whitefish and least cisco populations that were 
likely a result of different habitats being sampled 
in two time periods, 1990-1992 vs. 2003-2004.    
The problem arose because the 1990-1992 
sampling was focused on sampling within 
Teshekpuk Lake proper while the 2003-2004 
sampling was in tributary systems along the 
Mayubiaq River outlet system.  Philo et al. (1993) 
documented groups of stunted, apparently lake-
resident, least cisco and broad whitefish, which 
confound the age-length relationships.  These 
individuals were not present in the habitats 
sampled during 2003-2004.  As a result, the 2005-
2007 studies focused on obtaining specimens from 
within the lake to better evaluate differences 
between time periods and habitats. 
 
For broad whitefish, there were no statistically 
significant differences between age-length 
relationships from the 1990-1992 and 2005-
2007 periods, however, the relationships for 
2003-2004 were statistically different from the 
other two periods.  These patterns are interpreted 
as indicating that the observed age-length 
differences are more related to habitat quality 
among the sampling areas rather than temporal 
changes in growth rate.   
 
Analysis of length-weight relationships for 
broad whitefish indicated that small to medium 
sized fish (50-430 mm) from all time periods 
were different from each other, with fish from 
2005-2007 being lighter for a given length than 
fish from the other two time periods.  Fish 
caught in the outlet region from 2003-2004 had 
the greatest weight for a given length, again 
indicating the higher quality rearing habitat in 
this region as compared to the main lake basin. 
 
Least cisco from 1990-1992 grew considerably 
slower than fish from either of the other two 
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time periods (2003-2004 and 2005-2007).  
Conversely, there was no statistical difference 
between growth rates in the two recent periods.  
This is interpreted as indicating that temporal 
effects over-shadowed habitat effects in least 
cisco growth, with fish caught recently showing 
faster growth rates. 
 
Analysis of length-weight relationships also 
indicated that least cisco from recent time 
periods were in better condition, e.g. showed a 
greater weight for a given length than fish from 
the earliest time period.  Fish from the outlet 
region (i.e. 2003-2004) showed higher body 
condition than fish from the main lake basin 
(samples from 1990-1992 and 2005-2007).   
 
Fish Habitat Use 
 
It is well established that heat is a scarce 
resource in the arctic and that, when possible, 
fish will seek out warmer habitats to feed and 
grow (Craig 1984, 1989).  This is especially true 
when fish are dispersing from wintering areas to 
begin feeding after the long period of winter 
fasting.  Warmer habitats will have higher 
primary productivity, which can lead to 
abundant prey populations.  In the Teshekpuk 
Lake study area, water temperatures at the 
sampled tributary stations were 2oC higher than 
those at the outlet stream stations on the 
Mayubiaq River during June of both 2003 and 
2004.  As a result, fish appeared to congregate in 
these warmer lateral habitats, leading to high 
catch rates of feeding broad whitefish, least 
cisco and Arctic grayling.  These high 
concentrations of fish apparently attracted 
predatory fish, such as northern pike and burbot. 
 
The warm lateral habitats typified by the 
tributary mouths along the Mayubiaq River 
contained extensive vegetation beds.  These beds 
supported high densities of chironomids and 
snails, in contrast to the main channel of the 
Mayubiaq River, which supported mostly 
amphipods.  Chironomids and snails proved to 
be the predominant prey for broad whitefish, 
which may explain the high catches of this 
species at these 3 locations. 

 
While warmer temperatures can increase the 
value of feeding habitats, summer temperatures 
can be too high.  Tundra streams and shallow 
lakes warm rapidly and can reach in excess of 
20oC (68oF) in late June through July (Moulton 
2005).  Morris (2003) notes that fish in tundra 
streams become stressed when handled at 
temperatures above 16.5oC (62oF) and at 18oC 
(64.5oF), broad whitefish died when being 
removed from the net. 
 
Fish Movements 
 
While over 2,160 fish tagged with anchor tags 
were released between 2003 and 2007, only 33 
were recaptured after being at liberty for more than 
1 day, and only 17 were at large longer than a 
week.  Part of the reason for the low recapture rate 
is the low recapture effort in the region – the study 
fyke nets were only fished for short periods during 
the summer and fish tagged were typically too 
small to be caught by mesh sizes used in the 
subsistence fisheries in the region.  Nevertheless, a 
few patterns were notable.  There were 10 long-
term recaptures (e.g. more than a week at large) 
from 1,537 tagged broad whitefish, all except 2 at 
the same station as the release.  The exceptions 
were two fish that showed a 32-mile movement 
from the lower Mayubiaq River into the southwest 
portion of Teshekpuk Lake.  These movements, 
while low in number, are consistent with 
movement patterns of radio-tagged broad 
whitefish described in Morris et al. (2006), where 
a fair number of broad whitefish were described 
moving from tagging stations in the Mayubiaq 
River outlet region into the region of coalesced 
lakes in southwestern Teshekpuk Lake for 
wintering.  
 
In contrast to the low recapture rate for broad 
whitefish, there were 7 long-term recaptures from 
546 tagged Arctic grayling, 5 of which moved 
between stations.  It is possible that broad 
whitefish move out of the immediate area along 
the Mayubiaq River after being tagged, while 
Arctic grayling tend to make more restricted 
movements, thus are more susceptible to 
recapture. 
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This extreme difference in recapture rates over 
the relatively short term of the study is 
indicative of the very different life histories of 
these two species in the region.  Broad whitefish 
tend to use a much larger portion of the region-
wide drainages than do Arctic grayling, most 
likely related to spawning migrations to the 
upper Ikpikpuk River for broad whitefish.  
Broad whitefish may also have a higher 
propensity to return to feeding areas that were 
successful in previous years while Arctic 
grayling will use a broader range of habitats, but 
generally within a smaller geographic area. 
Spring spawning events may also have affected 
the recapture location of Arctic grayling 
depending on the temporal proximity of 
recapture to the spawning event. 
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Water chemistry from stations in the  
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Appendix Table A-1.  Water chemistry parameters measured at each station sampled during the 
2006-2007 Teshekpuk Lake fish survey.

Station Date
Approximate  

Depth (ft)
Temp 
(oC)

Dissolved 
Oxygen 
(mg/L)

Dissolved 
Oxygen       

(% Saturation)

Specific 
Conductance 

(μS/cm)
pH        

(std units)
Turbidity 

(NTU)
TSBWQ1 7/22/2006 1.0 6.9 12.12 99.7 213.4 8.13 --

7/22/2006 2.0 6.9 12.11 99.5 213.2 8.13 --
7/22/2006 3.0 6.8 12.17 99.9 214.4 8.11 --
7/22/2006 4.0 6.8 12.13 99.4 214.4 8.11 --
7/22/2006 5.0 6.8 12.16 99.7 214.7 8.10 --
7/22/2006 6.0 6.8 12.14 99.5 214.6 8.15 --
7/22/2006 7.0 6.7 12.16 99.6 215.9 8.12 --
7/22/2006 8.0 6.7 12.24 100.2 216.5 8.12 --
7/22/2006 9.0 6.7 12.21 99.9 215.5 8.13 --
7/22/2006 10.0 6.7 12.23 100.0 216.1 8.13 --
7/22/2006 11.0 6.7 12.19 99.6 215.1 8.13 --
7/22/2006 12.0 6.6 12.24 99.9 214.8 8.13 --
7/22/2006 13.0 6.6 12.23 99.7 215.4 8.13 --
7/24/2006 1.0 -- -- -- -- -- 2.6

TSBWQ2 7/22/2006 1.0 6.9 11.92 98.0 198.9 8.09 --
7/22/2006 2.0 6.9 11.91 97.9 198.8 8.08 --
7/22/2006 3.0 6.9 11.94 98.0 198.9 8.09 --
7/22/2006 4.0 6.9 11.92 97.9 199.1 8.07 --
7/22/2006 5.0 6.8 11.95 98.2 199.3 8.09 --
7/22/2006 6.0 6.8 11.95 97.9 200.2 8.09 --
7/22/2006 7.0 6.8 11.95 97.9 200.3 8.10 --
7/22/2006 8.0 6.7 11.98 98.0 200.6 8.09 --
7/22/2006 9.0 6.7 11.96 97.8 201.1 8.11 --
7/22/2006 10.0 6.6 11.94 97.5 201.5 8.11 --
7/22/2006 11.0 6.6 11.95 97.5 201.8 8.11 --
7/22/2006 12.0 6.6 11.94 97.4 201.5 8.11 --
7/24/2006 1.0 -- -- -- -- -- 1.7

TSBWQ3 7/23/2006 1.0 7.7 11.83 99.9 196.5 8.19 --
7/23/2006 2.0 7.7 11.81 99.7 196.5 8.16 --
7/23/2006 3.0 7.7 11.82 99.7 196.7 8.15 --
7/23/2006 4.0 7.7 11.84 99.9 196.7 8.14 --
7/23/2006 5.0 7.6 11.84 99.7 198.5 8.15 --
7/23/2006 6.0 7.6 11.83 99.5 201.3 8.14 --
7/23/2006 7.0 7.4 11.9 99.8 205.7 8.15 --
7/23/2006 8.0 7.4 11.87 99.5 206.0 8.15 --
7/23/2006 9.0 7.4 11.89 99.6 206.0 8.15 --
7/23/2006 10.0 7.4 11.91 99.7 205.9 8.15 --
7/23/2006 11.0 7.4 11.89 99.5 205.7 8.15 --
7/24/2006 1.0 -- -- -- -- -- 3.0

TSB0601 7/16/2006 1.0-1.5 13.4 -- -- 219.7 7.50 13.3
7/17/2006 1.0-1.5 12.7 10.32 -- 257.5 7.47 2.3
7/18/2006 1.0-1.5 11.2 10.01 -- 236.3 7.54 25.7
7/19/2006 1.0-1.5 13.2 10.78 -- 251.7 7.63 7.5
7/20/2006 1.0-1.5 9.4 9.98 -- 276.3 7.57 39.9

7/19/2006 1.0-1.5 12.2 10.79 -- 234.3 7.68 3.1
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Appendix Table A-1.  Water chemistry parameters measured at each station sampled during the 
2006-2007 Teshekpuk Lake fish survey.

Station Date
Approximate  

Depth (ft)
Temp 
(oC)

Dissolved 
Oxygen 
(mg/L)

Dissolved 
Oxygen       

(% Saturation)

Specific 
Conductance 

(μS/cm)
pH        

(std units)
Turbidity 

(NTU)
TSB0602 7/20/2006 1.0-1.5 10.6 10.41 -- 245.5 7.78 1.6

7/21/2006 1.0-1.5 9.8 11.98 -- 250.8 7.76 1.3
7/22/2006 1.0-1.5 7.9 9.96 -- 261.4 7.72 1.5

TSB0602 7/23/2006 1.0-1.5 9.1 10.38 -- 254.2 7.54 --

TSB0603 7/23/2006 1.5 11.6 11.93 -- 282.2 7.66 --

TNBWQ1 7/28/2007 1.0 10.2 11.45 102.1 231.7 8.24 --
7/28/2007 2.0 10.2 11.45 102.1 232.0 8.16 --
7/28/2007 3.0 10.2 11.44 102.0 232.1 8.26 --
7/28/2007 4.0 10.2 11.45 102.1 232.0 8.26 --
7/28/2007 5.0 10.2 11.43 101.9 232.1 8.27 --
7/28/2007 6.0 10.2 11.42 101.8 232.2 8.27 --
7/28/2007 7.0 10.2 11.42 101.8 232.1 8.27 --
7/28/2007 8.0 10.2 11.42 101.8 232.2 8.27 --
7/28/2007 9.0 10.2 11.41 101.8 232.2 8.27 --
7/28/2007 10.0 10.2 11.39 101.6 232.4 8.27 --
7/28/2007 11.0 10.2 11.39 101.5 232.2 8.27 --
7/28/2007 12.0 10.2 11.38 101.5 232.2 8.28 --
7/30/2007 1.0 -- -- -- -- -- 1.4

TNBWQ2 7/28/2007 1.1 10.2 11.45 102.1 233.7 8.26 --
7/28/2007 2.0 10.2 11.43 101.9 233.8 8.26 --
7/28/2007 3.1 10.2 11.44 102.0 233.8 8.26 --
7/28/2007 4.0 10.2 11.46 102.1 234.3 8.27 --
7/28/2007 5.1 10.2 11.43 101.9 233.8 8.27 --
7/28/2007 6.0 10.2 11.45 102.0 233.8 8.28 --
7/28/2007 7.1 10.2 11.43 101.8 233.8 8.27 --
7/28/2007 8.1 10.2 11.43 101.8 233.8 8.28 --
7/28/2007 9.0 10.2 11.42 101.7 233.8 8.28 --
7/28/2007 9.7 10.2 11.44 101.9 233.9 8.27 --
7/28/2007 10.9 10.2 11.42 101.7 234.0 8.28 --
7/28/2007 12.0 10.1 11.41 101.6 233.8 8.28 --
7/28/2007 12.9 10.1 11.41 101.5 233.7 8.29 --
7/28/2007 14.2 10.1 11.4 101.4 234.0 8.29 --
7/28/2007 15.0 10.1 11.4 101.4 233.7 8.29 --
7/28/2007 15.8 10.1 11.39 101.4 233.8 8.29 --
7/28/2007 16.1 10.1 11.4 101.4 233.9 8.28 --
7/28/2007 17.0 10.1 11.39 101.3 233.6 8.29 --
7/28/2007 17.7 10.1 11.39 101.4 233.7 8.29 --
7/30/2007 1.0 -- -- -- -- -- 1.4

TNBWQ3 7/28/2007 1.2 10.5 11.32 101.5 239.4 8.28 --
7/28/2007 3.1 10.5 11.33 101.6 239.7 8.25 --
7/28/2007 3.6 10.5 11.33 101.6 239.7 8.27 --
7/28/2007 5.1 10.5 11.32 101.5 239.9 8.26 --
7/28/2007 7.0 10.5 11.32 101.5 239.7 8.27 --
7/28/2007 6.3 10.5 11.32 101.5 239.8 8.26 --
7/28/2007 6.7 10.5 11.3 101.3 239.8 8.27 --

A-3



Appendix Table A-1.  Water chemistry parameters measured at each station sampled during the 
2006-2007 Teshekpuk Lake fish survey.

Station Date
Approximate  

Depth (ft)
Temp 
(oC)

Dissolved 
Oxygen 
(mg/L)

Dissolved 
Oxygen       

(% Saturation)

Specific 
Conductance 

(μS/cm)
pH        

(std units)
Turbidity 

(NTU)
TNBWQ3 7/28/2007 8.0 10.5 11.31 101.4 239.8 8.27 --

7/28/2007 9.1 10.4 11.29 101.2 240.0 8.28 --
7/28/2007 10.4 10.4 11.29 101.2 240.0 8.25 --
7/28/2007 11.1 10.4 11.29 101.2 240.0 8.28 --
7/28/2007 11.6 10.4 11.3 101.2 239.8 8.28 --
7/28/2007 12.9 10.4 11.29 101.2 239.8 8.27 --
7/28/2007 13.9 10.4 11.28 101.1 240.0 8.27 --
7/28/2007 15.3 10.4 11.26 100.9 239.8 8.28 --
7/28/2007 16.3 10.4 11.27 100.9 240.3 8.26 --
7/28/2007 16.9 10.4 11.26 100.8 240.1 8.28 --
7/28/2007 18.4 10.4 11.22 100.5 240.1 8.23 --
7/30/2007 1.0 -- -- -- -- -- 1.8

TNBWQ4 7/28/2007 2.3 10.5 11.42 102.6 234.5 8.26 --
7/28/2007 2.7 10.5 11.42 102.6 234.3 8.27 --
7/28/2007 4.2 10.5 11.42 102.7 234.2 8.28 --
7/28/2007 4.2 10.5 11.43 102.7 234.3 8.29 --
7/28/2007 5.1 10.5 11.43 102.7 234.1 8.29 --
7/28/2007 6.0 10.5 11.43 102.7 234.1 8.30 --
7/28/2007 7.0 10.5 11.45 102.8 234.2 8.29 --
7/28/2007 8.1 10.5 11.44 102.8 234.0 8.29 --
7/28/2007 8.9 10.5 11.44 102.8 233.8 8.29 --
7/28/2007 8.7 10.5 11.45 102.8 233.8 8.30 --
7/28/2007 10.0 10.5 11.45 102.9 233.8 8.30 --
7/30/2007 1.0 -- -- -- -- -- 1.6

T791 7/20/2007 1.0-1.5 11.4 10.74 -- 319.5 8.51 94.1
7/21/2007 1.0-1.5 10.3 10.64 -- 299.8 -- 53.1
7/22/2007 1.0-1.5 9.3 -- -- 295.8 8.46 51.8
7/23/2007 1.0-1.5 9.4 -- -- 285.2 -- 52.7
7/24/2007 1.0-1.5 9.3 -- -- 274.4 8.18 55.2
7/25/2007 1.0-1.5 10.3 -- -- 275.7 7.98 104.0
7/26/2007 1.0-1.5 10.7 -- -- 274.6 7.98 47.0
7/27/2007 1.0-1.5 11.1 -- -- 276.6 7.96 25.9
7/28/2007 1.0-1.5 12.1 11.1 103.4 257.6 8.37 25.2
7/29/2007 1.0-1.5 12.9 -- -- 283.9 8.17 8.7
7/30/2007 1.0-1.5 12.5 -- -- 275.9 7.94 10.1

TNG0705 7/24/2007 1.0-1.5 8.9 -- -- 241.9 8.18 3.07

TNG0707 7/30/2007 1.0-1.5 11.7 -- -- 304.8 8.09 18.7
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Appendix Table A-2.  Water constituents measured at each station sampled during the 2006-2007 
Teshekpuk Lake fish survey.

Station Sample Date
Depth1 

(ft)

 CaCO3 

Alkalinity  
(mg/L)

TDS            
Total Dissolved 
Solids (mg/L)

Cl   
Chloride 
(mg/L)

SO4    

Sulfate 
(mg/L)

Ca   
Calcium 
(mg/L)

Fe2        

Iron 
(mg/L)

Mg   
Magnesium 

(mg/L)

K2    

Potassium 
(mg/L)

Si2    

Silicon 
(mg/L)

Na    
Sodium 
(mg/L)

TSB0601 7/22/2006 S 65.5 118 24.4 1.88 23.6 4.06 4.85 1.77 4.320 13.0

TSB0602 7/23/2006 S 70.6 100 13.6 <MRL 25.7 0.425 3.43 <MRL <MRL 7.42

TSBWQ1A 7/24/2006 S 63.2 101 23.8 1.59 23.0 0.243 4.12 1.25 <MRL 12.8

TSBWQ1B 7/24/2006 13.0 66.5 108 24.2 1.62 22.9 0.419 4.16 1.42 <MRL 12.9

TSBWQ2A 7/24/2006 S 67.0 123 24.8 1.66 25.3 0.131 4.58 <MRL <MRL 13.9

TSBWQ2B 7/24/2006 11.0 59.6 109 24.9 1.67 23.1 0.109 4.23 <MRL <MRL 13.4

TSBWQ3A 7/23/2006 S 63.4 109 22.7 1.53 21.5 0.163 3.92 1.05 <MRL 12.3

TSBWQ3B 7/23/2006 11.0 67.4 90.0 23.8 1.60 22.1 0.255 4.03 1.21 <MRL 12.6

TNBWQ1A 7/30/2007 S 67.2 120 30.2 2.39 24.5 <MRL 4.56 1.52 <MRL 14.4

TNBWQ1B 7/30/2007 11.5 70.4 133 30.4 2.40 24.4 <MRL 4.54 <MRL <MRL 14.3

TNBWQ2A 7/29/2007 S 72.2 141 31.2 2.49 25.2 <MRL 4.68 <MRL <MRL 15.0

TNBWQ2B 7/29/2007 17.0 58.0 135 30.7 2.45 24.6 <MRL 4.58 1.33 <MRL 14.5

TNBWQ3A 7/29/2007 S 73.7 141 31.2 2.52 24.8 <MRL 4.62 1.29 <MRL 14.6

TNBWQ3B 7/29/2007 18.0 72.0 140 31.2 2.49 24.9 <MRL 4.67 1.38 <MRL 14.8

TNBWQ4A 7/30/2007 S 68.6 134 30.5 2.44 24.3 <MRL 4.55 1.07 <MRL 14.3

TNBWQ4B 7/30/2007 9.0 67.6 140 30.6 2.44 24.4 <MRL 4.54 1.26 <MRL 14.5

T791 7/30/2007 S 73.0 150 35.1 2.83 25.8 0.0812 4.92 <MRL <MRL 16.7
1S=surface, sub-surface samples collected one foot off of lake bottom
2MRL=Method Reporting Limit
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Appendix Table A-3.  Chlorophyll a  concentration in phytoplankton samples during the 2006-2007
Teshekpuk Lake fish survey.

Station
Sample 

Date
Sample 
Number

Water volume 
filtered (L)

Chlorophyll a 
(mg/m3)

Station Mean   
Chlorophyll a (mg/m3)

Standard 
Deviation

TSBWQ1 7/22/2006 1 2.0 0.849 0.814 0.030
7/22/2006 2 2.0 0.798
7/22/2006 3 2.0 0.797

TSBWQ2 7/22/2006 1 2.0 1.078 1.038 0.068
7/22/2006 2 2.0 0.959
7/22/2006 3 2.0 1.078

TSBWQ3 7/23/2006 1 2.0 0.798 0.815 0.030
7/23/2006 2 2.0 0.798
7/23/2006 3 2.0 0.849

TSB0601 7/19/2006 1 2.0 1.647 1.816 0.294
7/19/2006 2 2.0 1.647
7/19/2006 3 2.0 2.156

TSB0602 7/22/2006 1 2.0 1.418 2.232 1.218
7/22/2006 2 2.0 1.647
7/22/2006 3 2.0 3.633

TNBWQ1 7/30/2007 1 2.0 0.687 0.665 0.032
7/30/2007 2 2.0 0.628
7/30/2007 3 2.0 0.679

TNBWQ2 7/29/2007 1 2.0 0.679 0.682 0.005
7/29/2007 2 2.0 0.679
7/29/2007 3 2.0 0.687

TNBWQ3 7/29/2007 1 2.0 0.679 0.701 0.032
7/29/2007 2 2.0 0.738
7/29/2007 3 2.0 0.687

TNBWQ4 7/30/2007 1 2.0 0.687 0.682 0.005
7/30/2007 2 2.0 0.679
7/30/2007 3 2.0 0.679

T791 7/30/2007 1 2.0 1.026 1.009 0.030
7/30/2007 2 2.0 1.026
7/30/2007 3 2.0 0.975
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Appendix Table B-1.  Number of fish caught by day at each gill net station sampled
in the Teshekpuk Lake study region, 2006-2007.

Station TNG0701

Species Jul 20 07 Jul 22 07
Broad whitefish 3
Least cisco 2 1
Lake trout 2

Effort (hrs) 2.43 4.42

Station TNG0703

Species Jul 23 07
Least cisco 4

Effort (hrs) 3.75

Station TNG0705

Species Jul 24 07
Least cisco 6

Effort (hrs) 3.67

Station TNG0706

Species Jul 24 07
Broad whitefish 1
Least cisco 2

Effort (hrs) 6.42

Station TNG0707

Species Jul 30 07 Jul 30 07
Broad whitefish 3 7
Arctic grayling 1
Humpback whitefish 5 10
Pink salmon 1

Effort (hrs) 2.08 2.42
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Appendix Table B-2.  Number of fish caught by day at each fyke net station sampled
in the Teshekpuk Lake study region, 2006-2007.

Station TSB0501
Station

Species Jul 23 06 Jul 24 06 Total
Broad whitefish 2 1 3
Least cisco 40 17 57
Arctic grayling 13 11 24
Ninespine stickleback 9 47 56

Effort (hrs) 25.7 18.0 43.7

Station TSB0502
Station

Species DS US DS US DS US DS US DS US Total
Broad whitefish 7 23 45 17 26 17 60 14 35 3 247
Least cisco 8 81 5 114 14 98 12 29 17 15 393
Arctic grayling 1 2 17 4 9 13 6 20 7 79
Ninespine stickleback 76 56 3 23 35 68 21 92 15 389

Effort (hrs) 22.5 23.3 28.2 29.3 26.1 25.9 21.0 24.1 18.7 19.9 238.92
DS = fish moving downstram, US = fish moving upstream

Station TSB0602
Station

Species Jul 19 06 Jul 20 06 Jul 21 06 Jul 22 06 Jul 23 06 Total
Broad whitefish 20 13 3 6 3 45
Least cisco 59 39 6 13 16 133
Arctic grayling 32 33 18 13 5 101

Effort (hrs) 23.8 26.3 21.3 24.8 26.4 122.5

Station T791
Station

Species Jul 21 07 Jul 22 07 Jul 23 07 Jul 24 07 Jul 25 07 Jul 27 07 Jul 28 07 Jul 29 07 Jul 30 07 Total
Broad whitefish 20 23 6 5 8 14 9 4 89
Humpback whitefish 1 1 4 1 1 6 4 18
Least cisco 337 188 155 98 136 290 195 332 86 1817
Bering cisco 1 1
Arctic grayling 3 4 5 7 2 5 2 4 1 33
Burbot 3 1 1 1 2 2 4 14
Ninespine stickleback 7 500 15 14 1 1 538
Threespine stickleback 1 1 2

Effort (hrs) 22.5 24.1 24.2 23.6 23.9 21.8 24.5 25.9 21.8 212.3

Jul 20 06
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Appendix Table C-1.  Stomach contents of least cisco (LCIS), broad whitefish (BDWF), and humpback whitefish (HBWF) collected in 2007.

Species: LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS LCIS
Date: July 20 July 20 July 23 July 23 July 23 July 23 July 24 July 24 July 24 July 24 July 24 July 24 July 25 July 25

Fork Length (mm): 163 159 159 164 187 199 255 110 144 210 179 200 214 223
Taxa1 Station: TNG0701 TNG0701 TNG0703 TNG0703 TNG0703 TNG0703 TNG0705 T791 T791 T791 TNG0706 TNG0706 T791 T791

Amphipods
  Pontoporeia  sp.  11 30 353 13 47 330
Chironomids
  Chironomus  sp.  1
  Protanypus  sp.  14
Opossum shrimps
  Mysis relicta  29 18 28 97 120 86
Isopods
  Unidentified (immature)  1 1
Total organisms 0 11 14 29 30 353 14 18 28 97 48 331 120 86
Total taxa 0 1 1 1 1 1 2 1 1 1 2 2 1 1

Species: BDWF BDWF BDWF BDWF BDWF BDWF BDWF BDWF BDWF BDWF BDWF BDWF BDWF
Date: July 22 July 22 July 24 July 30 July 30 July 30 July 30 July 30 July 30 July 30 July 30 July 30 July 30

Fork Length (mm): 483 529 439 473 535 472 597 403 384 339 421 516 540
Taxa Station: TNG0701 TNG0701 TNG0706 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707

Amphipods
  Pontoporeia  sp.  1 11 20 15
Bivalve molluscs
  Pisidium  sp.  139 21 23 3
Chironomids
  Protanypus  sp.  5 91
Isopods
  Unidentified (immature)  1 218 1
Caddisflies
  Mierasema  sp.  4 1
Worms  
  Unidentified (incomplete)  1
Moths & Butterflies
  Unidentified (incomplete)  1
Ants/Bees/Wasps
  Apsilops hirtifrons  1
Total organisms 140 41 116 219 0 0 0 20 2 15 3 0 1
Total taxa 2 4 4 2 0 0 0 1 2 1 1 0 1
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Appendix Table C-1.  Stomach contents of least cisco (LCIS), broad whitefish (BDWF), and humpback whitefish (HBWF) collected in 2007.

Species: HBWF HBWF HBWF HBWF HBWF HBWF HBWF HBWF HBWF
Date: July 30 July 30 July 30 July 30 July 30 July 30 July 30 July 30 July 30

Fork Length (mm): 403 406 433 410 325 413 395 381 330
Taxa Station: TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707 TNG0707

Amphipods
  Pontoporeia  sp.  21 2 82 19
Chironomids
  Chironomus  sp.  1
Opossum shrimps
  Mysis relicta  1 27
Isopods
  Unidentified (immature)  3 1
Total organisms 21 3 0 82 0 0 23 0 28
Total taxa 1 2 0 1 0 0 3 0 2
1Amphipods = Order Amphipoda, Family Haustoriidae 
Bivalve Molluscs = Order Veneroida, Family Pisidiidae
Chironomids = Order Diptera, Family Chironomidae
Opossum Shrimps = Order Mysidacea, Family Mysidae
Isopods = Order Isopoda
Caddisflies = Order Trichoptera, Family Brachycentridae 
Worms = Phylum Annelida
Moths & Butterflies = Order Lepidoptera
Ants/Bees/Wasps = Order Hymenoptera
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Appendix Table D-1.  Tagged fish recaptured during 2006-2007 Teshekpuk Lake study.

Release Release Release Recap Recap Recap Days at
Species Tag No. Station Date Length Station Date Length Large
Broad whitefish NSB-0047 MTRIB1 6/26/2003 407 TSB0502 7/20/2006 445 1120

NSB-1668 TLSB2 8/27/2005 470 TSB0502 7/16/2006 467 323
NSB-2038 TLSB2 8/29/2005 428 TSB0602 7/21/2006 434 326
NSB-2078 TLSB2 8/29/2005 470 TSB0502 7/20/2006 470 325
NSB-2109 TSB0502 7/16/2006 502 TSB0502 7/17/2006 504 1

Arctic grayling NSB-2120 TSB0502 7/16/2006 336 TSB0502 7/20/2006 336 4
NSB-2155 TSB0502 7/17/2006 385 TSB0502 7/20/2006 385 3
NSB-2155 TSB0502 7/20/2006 385 TSB0602 7/22/2006 382 2
NSB-2243 TSB0602 7/20/2006 380 TSB0602 7/21/2006 354 1
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Appendix Table E-1.  Lengths of Bering cisco caught in fish sampling at Teshekpuk Lake, 2006-2007.

Fork
Length

Station Gear1 Date Direction (mm)
T791 FN 7/27/2007 lake set 160

1 FN = fyke net, GN = gill net
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Appendix Table E-2.  Length frequencies of broad whitefish caught in fish sampling at Teshekpuk Lake, 2006.

Fork
Length Jul 16 Jul 16 Jul 17 Jul 17 Jul 18 Jul 18 Jul 19 Jul 19 Jul 20 Jul 20
(mm) Jul 23 Jul 24 DS US DS US DS US DS US DS US Jul 19 Jul 20 Jul 21 Jul 22 Jul 23

0
10
20
30
40
50
60 1
70 1 1
80 1
90 1
100 1
110 3 1 1
120 1 1
130 1 1 3 1 3
140 2 1
150 1 1
160 1 1
170
180
190
200
210
220 1
230
240 1 2 1
250 1
260 1 1
270 1
280
290
300
310 1
320 1
330 1 1 1 3 1 1
340 2 1 1 2 1
350 1 1 2 2
360 1 2 3 2 2 1
370 5 1 4 1 1 2 1
380 3 1 5 2 1
390 5 1 2 1 1 1
400 4 3 1 3 1 2 1
410 1 2 10 1 1 6 1 3 1
420 3 1 1 1 3
430 1 5 3 12 3 1 1 2 1
440 2 2 1 2 1 6 3 1 1 1
450 1 3 2 2 2 4 4 1 3
460 1 1 1 1 3 1 1 1
470 1 4 2 2 2 3 1
480 1 1 1 2 2 1
490 2 1 1 2 1 1 1
500 1 5 1 1 1
510 1 2
520 2 1
530 1
540
550
560
570
580
590
600

Total: 2 1 7 22 45 17 26 17 57 13 35 3 20 13 3 6 2
Effort (hr): 25.7 18.0 22.5 23.3 28.2 29.3 26.1 25.9 21.0 24.1 18.7 19.9 23.8 26.3 21.3 24.8 26.4

TSB0501 TSB0502 TSB0602
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Appendix Table E-3.  Length frequencies of broad whitefish caught at Teshekpuk Lake in 2007.

Fork Fyke Net Sets Gillnet Sets
Length GILL02 GILL03 GILL04
(mm) Jul 21 Jul 22 Jul 23 Jul 24 Jul 25 Jul 27 Jul 28 Jul 29 Jul 30 Jul 20 Jul 22 Jul 23 Jul 24 Jul 24 Jul 30 Jul 30

0
10
20
30
40
50
60
70
80
90 1
100 2 2
110 1 1 1 2
120 2 1 1 2
130 3 1
140 1 1 1 1 1
150 2 2 1 1 1 1
160 1 1
170 1 2 1 1
180 1
190
200
210
220
230
240 1 1
250
260 1
270 1
280 1
290 1
300 1
310 1 1
320
330 1 1
340 1
350 1
360
370 1 1
380 1 1 1
390 1
400 1 1 1
410 3 1
420 1 1 1 1
430 3 1 1 2 1 1
440 4 1
450 2 1 1
460 1 1
470 2
480 1 1 1 1
490
500
510 1
520 1
530 1
540 1
550
560
570
580
590 1
600

Total: 20 23 6 5 8 14 9 4 0 0 2 0 0 1 3 7
Effort (hr) 22.48 24.10 24.17 23.58 23.92 21.83 24.50 25.92 21.75 2.43 4.42 3.75 3.67 6.42 2.08 2.42

GILL01 GILL05Station 791
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Appendix Table E-4.  Lengths of burbot caught in fish sampling at Teshekpuk Lake, 2006-2007.

Fork
Length

Station Gear1 Date Direction (mm)
T791 FN 7/21/2007 lake set 298
T791 FN 7/21/2007 lake set 650
T791 FN 7/21/2007 lake set 597
T791 FN 7/23/2007 lake set 795
T791 FN 7/24/2007 lake set 582
T791 FN 7/25/2007 lake set 585
T791 FN 7/27/2007 lake set 667
T791 FN 7/27/2007 lake set 564
T791 FN 7/28/2007 lake set 732
T791 FN 7/28/2007 lake set 584
T791 FN 7/29/2007 lake set 305
T791 FN 7/29/2007 lake set 405
T791 FN 7/29/2007 lake set 615
T791 FN 7/29/2007 lake set 225

1 FN = fyke net, GN = gill net
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Appendix Table E-5.  Length frequencies of arctic grayling caught in fish sampling at Teshekpuk Lake, 2006.

Fork
Length Jul 16 Jul 16 Jul 17 Jul 17 Jul 18 Jul 18 Jul 19 Jul 19 Jul 20 Jul 20
(mm) Jul 23 Jul 24 DS US DS US DS US DS US DS US Jul 19 Jul 20 Jul 21 Jul 22 Jul 23

0
10
20
30
40
50
60 2 1
70 1 3 1
80 2 1 1 1
90 2 4 1 1 1
100 1 1 6 1 1
110 2 1
120 2 1 1 4
130 1 1 1 1 1
140 1 2 1 1
150 2
160 1 1
170 1 2 1 3
180 2
190 1 1
200 1 1 2
210 1 1
220 1
230 1 1 1 1
240 3 1 1 2
250 1 1 1 1 1
260 1 1
270 2 1 1 2 1
280 2 1 2 1
290 2
300 1 1 1 1
310 1 1
320 1 1 1
330 2 1 1 2 1 1
340 1 1 2 1
350 1 2 2 3 2
360 1 1 1 1 5 3
370 1 2 1 2 3 2 1
380 1 1 1 3 5 1 2
390 1 1
400 1 3 2 1
410 1 1 1
420 1 1 1 1
430 1 3 1
440 1 1
450 1
460 1 2
470
480
490
500

Total: 13 11 1 2 0 17 4 9 13 6 20 7 32 33 19 13 5
Effort (hr): 25.7 18.0 22.5 23.3 28.2 29.3 26.1 25.9 21.0 24.1 18.7 19.9 23.8 26.3 21.3 24.8 26.4

TSB0501 TSB0502 TSB0602
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Appendix Table E-6.  Length frequencies of arctic grayling caught in fish sampling at Teshekpuk Lake, 2007.

Fork Fyke Net Sets Gillnet Sets
Length GILL02 GILL03 GILL04
(mm) Jul 21 Jul 22 Jul 23 Jul 24 Jul 25 Jul 27 Jul 28 Jul 29 Jul 30 Jul 20 Jul 22 Jul 23 Jul 24 Jul 24 Jul 30 Jul 30

0
10
20
30
40
50
60 1
70
80
90
100
110
120 1
130 2
140 1 1 2 1
150 1 1 1
160 1 1 1
170 1 1
180 2
190 2
200 1
210
220
230
240
250 1 1 1
260 1
270
280
290
300
310 1
320 1
330
340
350 1 1
360 1
370 1 1
380
390
400 1
410
420
430
440
450
460
470
480
490
500

Total: 3 4 5 7 2 5 2 4 1 0 0 0 0 0 1 0
Effort (hr) 22.48 24.10 24.17 23.58 23.92 21.83 24.50 25.92 21.75 2.43 4.42 3.75 3.67 6.42 2.08 2.42

Station T791 GILL01 GILL05
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Appendix Table E-7.  Length frequencies of humpback whitefish caught at Teshekpuk Lake in 2007.

Fork Fyke Net Sets Gillnet Sets
Length GILL02 GILL03 GILL04
(mm) Jul 21 Jul 22 Jul 23 Jul 24 Jul 25 Jul 27 Jul 28 Jul 29 Jul 30 Jul 20 Jul 22 Jul 23 Jul 24 Jul 24 Jul 30 Jul 30

0
10
20
30
40
50
60
70
80 1
90

100
110
120
130
140
150
160 1
170
180 1 1
190 2
200 1 2 1 1
210 1 1
220 1
230
240
250
260 1
270 1
280 1
290
300
310
320 1
330 1
340
350
360
370
380 1
390 1
400 2
410 1 1
420
430 1 1
440
450
460
470
480
490
500

Total: 1 0 0 1 4 1 1 6 4 0 0 0 0 0 5 4
Effort (hr) 22.48 24.10 24.17 23.58 23.92 21.83 24.50 25.92 21.75 2.43 4.42 3.75 3.67 6.42 2.08 2.42

Station T791 GILL01 GILL05

E-8



Appendix Table E-8.  Length frequencies of least cisco caught in fish sampling at Teshekpuk Lake, 2006.

Fork
Length Jul 16 Jul 16 Jul 17 Jul 17 Jul 18 Jul 18 Jul 19 Jul 19 Jul 20 Jul 20
(mm) Jul 23 Jul 24 DS US DS US DS US DS US DS US Jul 19 Jul 20 Jul 21 Jul 22 Jul 23

0
10
20 1
30
40
50 1 1 1 1 1 1
60 1 1
70 1 1 1
80 1 1 1 1 1 1 2
90 2 3 2 2 4 1

100 5 1 1 3 4 5
110 7 1 3 4 1 1 1 7 7 1
120 2 1 1 1 3 1 7 5
130 1 1 3 2 3 1 6 2 1 1 3
140 3 4 1 11 4 15 1 1 8 2 1
150 6 2 7 9 3 5 3 1 5 5 1 1 2
160 3 3 8 11 2 10 2 4 1 1 5 2 2
170 2 1 12 11 3 10 2 1 4 1 1 2
180 2 1 4 1 6 9 1 1 1 4 2
190 3 1 2 7 1 5 1 1 1 2
200 1 3 1 5 7 2 1 1 2 2
210 1 2 1 1 1 1 1
220 2 2 1 1 1 1
230 1 1 2 4 3 1 2 1
240 2 4 2 2 3 1
250 5 1 1 1
260 1 6 1 1 1
270 1 1 2 1 4 2 1 1
280 9 3 2 1 1 1 1
290 1 9 1 2 1 1 1 1
300 5 5 2 2
310 1 1 1 4 1
320 2 1 1 1 1 1
330 2 3 1 2
340 1 1 1 1 1
350 1 2
360 1
370 1
380 1 1
390 1
400
410 1
420
430 1
440
450
460
470
480
490
500

Total: 40 17 8 81 5 114 14 98 12 30 16 15 57 38 6 13 16
Effort (hr 25.7 18.0 22.5 23.3 28.2 29.3 26.1 25.9 21.0 24.1 18.7 19.9 23.8 26.3 21.3 24.8 26.4

TSB0501 TSB0502 TSB0602
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Appendix Table E-9.  Length frequencies of least cisco caught at Teshekpuk Lake in 2007.

Fork Fyke Net Sets Gillnet Sets
Length GILL02 GILL03 GILL04
(mm) Jul 21 Jul 22 Jul 23 Jul 24 Jul 25 Jul 27 Jul 28 Jul 29 Jul 30 Jul 20 Jul 22 Jul 23 Jul 24 Jul 24 Jul 30 Jul 30

0
10
20
30
40 1
50 2 2 2 1
60 2 1 5 5 3 3 4
70 9 7 9 2 5 10 3 5
80 12 11 15 3 9 19 15 15 10
90 11 17 12 7 11 17 16 29 6

100 26 22 11 6 14 13 11 38 8
110 41 22 22 7 11 19 15 38 2 1
120 33 18 11 2 11 25 15 42 12 1
130 31 9 4 1 4 18 14 31 6 2
140 26 7 6 7 9 18 12 28 2 2
150 26 15 10 8 10 38 15 21 6 1 1
160 32 18 10 3 10 42 21 23 6 1 1
170 25 9 1 3 10 29 19 20 4 1
180 28 9 9 5 1 20 13 3 3 1
190 10 4 4 5 5 11 6 14 2 1
200 8 5 5 3 6 9 3 5 7 1
210 2 4 3 3 5 7 5 1 2
220 1 3 4 1 3 5 2 3 5
230 3 1 1 2 3 1 1 3
240 1 1 2 1 4 3
250 2 1 1 2 2 1
260 1 1 1
270 2 3
280 1 2 1 1 1
290 1 1 2 1 1 1 1 2
300 1 3 2 1 1 1
310 1 1
320 1 1 1 1 1
330 1 1
340 1
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500

Total: 337 188 155 79 136 310 195 332 86 2 1 4 6 2 0 0
Effort (hr) 22.48 24.10 24.17 23.58 23.92 21.83 24.50 25.92 21.75 2.43 4.42 3.75 3.67 6.42 2.08 2.42

Station T791 GILL01 GILL05
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Appendix Table E-10.  Lengths of lake trout caught in fish sampling at Teshekpuk Lake, 2006-2007.

Fork
Length

Station Gear1 Date Direction (mm)
TNG0701 GN 7/20/2007 lake set 715
TNG0701 GN 7/20/2007 lake set 775

1 FN = fyke net, GN = gill net

Note:  additional lake trout were caught by set line in a companion study to be reported separately
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Appendix Table E-11.  Lengths of pink salmon caught in fish sampling at Teshekpuk Lake, 2006-2007.

Fork
Length

Station Gear1 Date Direction (mm)
TNG0707 GN 7/30/2007 lake set 508

1 FN = fyke net, GN = gill net
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Appendix Table E-12.  Lengths of threespine stickleback caught in fish sampling at Teshekpuk Lake, 2006-2007.

Fork
Length

Station Gear1 Date Direction (mm)
T791 FN 7/24/2007 lake set 77
T791 FN 7/25/2007 lake set 85

1 FN = fyke net, GN = gill net
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APPENDIX F   
 

Bathymetry data from surveys in the  
Teshekpuk Lake study area 
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Figure F-1.  Depth transects measured at Teshekpuk Lake in 2006 (southern portion of basin) and 
2007 (northern portion of basin). 
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APPENDIX  G 
 

   Invertebrate data from  Ponar dredge, sweep net and  
zooplankton sampling in the Teshekpuk Lake study area 

 
 
 
 
 
 
 
 
 
 
 



Appendix Table G-1.  Taxa identified in invertebrate samples collected in or near Teshekpuk Lake, 2006-2007.

TSBWQ1 TSBWQ2 TSBWQ3 TSB0601 TSB0602 TNBWQ1 TNBWQ2 TNBWQ3 TNBWQ4 T791

Petite Ponar
Amphipods 179 229 564 236 421 1057
Bivalve Molluscs 14 7 29 21 7
Chironomids 29 293 235 64 21 7
Opossum Shrimps 7
Isopods 7 7
Snails 14
Water Mites 7
Total organisms 43 493 471 107 21 585 236 428 1064 7
Total taxa 3 4 3 3 1 2 1 2 2 1

Sweep Net
Amphipods 1
Bivalve Molluscs 3
Chironomids 95 12
Opossum Shrimps 15
Isopods 2
Snails 24 188
Water Mites 1 2
Caddisflies 7 128
Stoneflies 8
Worms 1
Total organisms 131 338 18
Total taxa 6 5 3

Zooplankton Net
Bosmina sp. 4
Daphnia sp. 6
Holopedium sp. 5
Chydorids 19 1
Calanoid Copepods 218 282 10 56 1 273 298 676 411 427
Calanoid Copepod nauplii 73 56 2 6 15 18 24 19 10
Cyclopoid Copepods 4 14 19 30 38 50 30
Total organisms 306 338 16 95 2 307 346 738 480 467
Total taxa 5 2 3 4 2 3 3 3 3 3

STATION

Taxa1 July 2006 July 2007

G
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1Amphipods = Order Amphipoda, Families Haustoriidae and Pontoporeiidae
Bivalve Molluscs = Order Veneroida, Family Pisidiidae
Chironomids = Order Diptera, Family Chironomidae
Opossum Shrimps = Order Mysidacea, Family Mysidae
Isopods = Order Isopoda, Family Chaetiliidae
Snails = Class Gastropoda, Families Physidae, Planorbidae, and Valvatidae 
Water Mites = Order Trombidiformes
Caddisflies = Order Trichoptera, Families Brachycentridae and Limniphilidae
Stoneflies = Order Plecoptera, Family Nemouridae
Worms = Class Clitellata, Subclass Oligochaeta
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