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Conversion Factors and Abbreviations and Acronyms

Sl to Inch/Pound

Multiply By To obtain
Length
centimeter (cm) 0.3937 inch (in.)
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) 0.6214 mile (mi)
Area
square meter (m?) 10.76 square foot (ft%)
Volume
liter (L) 0.2642 gallon (gal)
Mass
gram (g) 0.03527 ounce, avoirdupois (0z)
kilogram (kg) 2.205 pound avoirdupois (1b)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32.

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8.

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or
micrograms per liter (ug/L).

Abbreviations and Acronyms

Abbreviations Meaning
SL standard length
SE standard error
PIT passive integrated transponder
CPUE catch per unit effort
DO dissolved oxygen
USGS U.S. Geological Survey
AIC Akaike’s Information Criteria
AlCc Akaike’s Information Criteria adjusted for small sample size
QAICc quasi- Akaike’s Information Criteria
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Spring and Summer Spatial Distribution of Endangered
Juvenile Lost River and Shortnose Suckers in Relation to
Environmental Variables in Upper Klamath Lake, Oregon:
2007 Annual Report

By Summer M. Burdick!, Scott P. VanderKooi2, and Greer O. Anderson?

Executive Summary

Lost River sucker Deltistes luxatus and shortnose sucker Chasmistes brevirostris were listed as
endangered in 1988 for a variety of reasons including apparent recruitment failure. Upper Klamath Lake,
Oregon, and its tributaries are considered the most critical remaining habitat for these two species.
Age-0 suckers are often abundant in Upper Klamath Lake throughout the summer months, but catches
decline dramatically between late August and early September each year, and age-1 and older subadult
suckers are rare. These rapid declines in catch rates and a lack of substantial recruitment into adult
sucker populations in recent years suggests sucker populations experience high mortality between their
first summer and first spawn. A lack of optimal rearing habitat may exacerbate juvenile sucker mortality
or restrict juvenile growth or development.

In 2007, we continued research on juvenile sucker habitat use begun by the U.S. Geological
Survey (USGS) in 2001. Age-0 catch rates in 2006 were more than an order of magnitude greater than in
previous years, which prompted us to refocus our research from age-0 sucker to age-1 sucker
distributions and habitat use. We took a two-phased approach to our research in 2007 that included
preliminary spring sampling and intense summer sampling components. Spring sampling was a pilot
study designed to gather baseline data on the distribution of age-1 suckers as they emerge from winter in
shoreline environments throughout Upper Klamath Lake (Chapter 1). Whereas, summer sampling was
designed to quantitatively estimate the influence of environmental variables on age-0 and age-1 sucker
distribution throughout Upper Klamath Lake, while accounting for imperfect detection (Chapter 2). In
addition to these two components, we began a project to evaluate passive integrated transponder (PIT)
tag loss and the effects of PIT tags on mortality of age-1 Lost River suckers (Chapter 3).

'sburdick@usgs.gov, U.S. Geological Survey, Klamath Falls, OR
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The spring pilot study built the foundation for future research on post-wintering juvenile sucker
distribution and habitat use studies. Only 34 percent of nets set during spring sampling (April 2 to May
29) caught juvenile suckers and catch rates were low (0.038 to 0.405 suckers/hour) and widely
distributed throughout shoreline areas. Of 13 suckers sacrificed for identification, only one was
determined to be a Lost River sucker. All others were either shortnose suckers or Klamath large-scale
Catostomus snyderi suckers, but were not identified to species. Suckers caught during the spring
averaged 93 + 2 millimeter (mm) standard length (SL; mean + SE) and were all estimated to be a year
old. Spring catches did not vary in respect to nearness to tributary streams or rivers, substrate type, area
of the lake, or distance from shore. However, a higher percentage of nets caught at least one sucker
when they were set within 50 meters (m) of a wetland edge (60 percent) compared to nets set
200 m from a wetland (30 percent) or in other shoreline areas (29 percent). Our results also suggest that
in the spring age-1 suckers use habitats less than 2 m deep at a greater frequency than deeper
environments, a trend that was reversed in the summer.

Temporal trends in summer catch rates of age-0 suckers generally were similar to those in
previous years, with a peak during the week of August 5. In contrast, age-1 sucker catches were
relatively high until the week of July 16, but rapidly declined each week for the rest of the sampling
season. Age-0 suckers were caught at higher rates than age-1 suckers though the summer, but both age
groups were captured at a similar percentage of sites (age-0, 26.5 percent and age-1, 27.4 percent).
Age-0 catches were composed of slightly more Lost River suckers (53.2 percent) than shortnose suckers
(42.1 percent). In contrast, most age-1 suckers were shortnose suckers (72.7 percent).

Our summer sampling indicates that age-0 suckers within Upper Klamath Lake primarily are
habitat generalists, whereas age-1 sucker habitat use varied slightly with water depth. Age-0 suckers
were most likely to use shallow (1 to 3 m) water widely available in Upper Klamath Lake throughout the
summer; age-1 suckers were most likely to use deeper (4 to 5 m) water environments in the summer,
which are diminished at lower lake-surface elevations. This depth selection for age-1 suckers is similar
to that of adult suckers, which are known to concentrate at water depths 3 m or greater.

Despite extensive research on Lost River and shortnose suckers, relatively little information
exists on juvenile survival, movement, growth rates, and age to maturity. We therefore evaluated the
viability of using Passive Integrated Transponder (PIT) tag technology for researching these issues. We
determined that 12.5 mm PIT tags are a viable option for studying movement and mortality rates of Lost
River suckers of at least 75 mm SL. However, any estimates of natural mortality that are generated from
PIT tagging studies will need to be adjusted for tagging mortality, which was 9.8 percent in our
laboratory experiment and 17.5 percent in overnight field trials, and for tag loss, which was 2.1 percent
in the laboratory and 5.0 percent in field trials. Post-tagging necropsies indicated that mortality may be
reduced if effort is made to improve tagger skill through practice. Therefore, tagging mortality should be
reassessed within any natural mortality studies on juvenile suckers that use this technology. New,
smaller (8.0 mm) tags also should be assessed to determine their effect on mortality rates.



Chapter 1.—Spring Shoreline Distribution of Age-1 Suckers in Upper Klamath
Lake, Oregon

By Summer M. Burdick, U.S. Geological Survey, Greer O. Anderson, National Oceanic and Atmospheric
Administration, and Scott P. VanderKooi, U.S. Geological Survey

Introduction

Recruitment failure is cited as one of the major causes for the decline in endangered Lost River
sucker Deltistes luxatus and shortnose sucker Chasmistes brevirostris populations in Upper Klamath
Lake, Oregon (National Research Council, 2004). Dramatic declines in age-0 catch rates between late
August and early September each year combined with extremely low catches of age-1 or older suckers
in Upper Klamath Lake, Oregon (Hendrixson and others, 2007), suggest these species experience
unusually high mortality during their first autumn and winter. High autumn and winter mortality may be
exacerbated by a lack of optimal winter habitat, which may be needed for suckers to recover from low
fall energy reserves (Foott and Stone, 2005). One way to examine the value of lake environments for
reducing over-wintering mortality is to examine the spatial distribution of post-winter catch rates. In-
lake environments producing higher catch rates of surviving juvenile suckers are assumed to provide
better winter habitat.

A limited amount of available data suggests post-wintering (spring) and early summer
distributions of juvenile suckers are concentrated in tributary mouths and near springs. Between April
21 and May 11, 1992, Markle and Simon (1993) caught a relatively high number of age-1 and older
subadult suckers (76) in overnight trap nets set in tributaries at the northern end of Upper Klamath Lake.
However, they caught few in trap nets set offshore during the same time period (4) or in offshore otter
trawls conducted each spring since 1996 (fewer than 20 between 1996 and 2006; Simon and others,
2000a; Simon and others, 2000b; Simon and Markle, 2001, 2002, 2006; Terwilliger and others, 2008).
U.S. Geological Survey (USGS) employees also caught age-1 suckers near the mouth of the Williamson
River and at the springs along the eastern shore in early July between 2004 and 2006 (Hendrixson and
others, 2007; Burdick and others, 2008a). Age-1 and older suckers may be selecting springs and
tributaries because of their unique water chemistry, warmer winter temperatures, or winter productivity,
but none of these hypotheses has been tested.

In the spring of 2007, we conducted low intensity sampling to document post-wintering
shoreline distributions of age-1 and older suckers in Upper Klamath Lake. Higher than average catch
rates of young-of-the-year suckers in 2006 (Burdick and others, 2008a) suggested a greater possibility
of catching more age-1 suckers than in previous years. This general survey was intended to expand
basic knowledge about spring juvenile sucker distributions. Information gained from this portion of the
study provides a better understanding of post-wintering juvenile sucker distributions, which can be used
to make inferences about where these species over-winter, and will help guide more intensive studies in
the future.

Knowledge about distribution of age-0 and adult Lost River and shortnose sucker habitat helped
guide our spring sampling effort for age-1 suckers in 2007. Age-0 suckers use nearshore and offshore
lake environments (Hendrixson and others, 2007). Catch rates for age-0 suckers in trap nets are
approximately equally distributed between vegetated marshes and unvegetated lake environments
(Hendrixson and others, 2007). During their first summer, suckers use shallow water (Burdick and
others, 2008b) with small substrates including mud and sand (Buettner and Scoppettone, 1990;
Hendrixson and others, 2007), as well as lake environments with larger substrates including cobble and



gravel (Terwilliger and others, 2004; Hendrixson and others, 2007). Adult suckers, however, are most
frequently found in deeper (3 to 4 m) unvegetated areas (Banish and others, 2009). The age at which
suckers transition from using shallow and sometimes vegetated lake environments to deeper
unvegetated areas has yet to be determined. In this chapter, we describe the spatial and temporal
distribution of age-1 sucker catches in Upper Klamath Lake during the spring of 2007.

Methods

Collection of Samples

Eighteen sites around the perimeter of Upper Klamath Lake were chosen for spring sampling
(April 2 to May 29) using a combination of previous knowledge about spring age-1 sucker distribution
and professional judgment (fig. 1). Three sites were sampled each week with two trap nets set overnight
(mean soak time of 24.6 + SE 1.6 hours) at each site. Trap nets were constructed with 6.4 mm delta
mesh with a lead (1.2 m deep x 16 m long) and rectangular frame (1.2 x 1.8 m) mounted to four circular
hoops (1 m diameter, 1 m apart) and containing three internal fykes. Nets were set at 50 and 200 m from
shore, in line with each other, and perpendicular to the shoreline with leads facing inland. A total of 54
trap net sets were completed in three separate areas of the lake for a total sampling effort of 1,326.2
hours soak time. The three areas of the lake were: (1) north and west of Eagle Point and the mouth of
the Williamson River (North), (2) south and east of Eagle Point and the mouth of the Williamson River
and north of Squaw Point and Hagelstein Park (Central), (3) south of Hagelstein Park and Squaw Point
including Howard Bay (South; fig. 1). Trap net sets were distributed approximately equally among the
three areas (North = 16, Central = 18, South = 20).

Captured fish were identified to species and counted. Standard length (SL) was measured for all
suckers. When catches, weighed in cod end of net with a spring scale, exceeded 2 to 3 kg, a subsample
was taken for all species except juvenile suckers. Prior to subsampling, the presence and absence of
each non-sucker species was recorded in one of two size bins (small, <100 mm SL; large, > 100 mm
SL). Subsamples were taken by placing the entire sample in a large water-filled tub, thoroughly mixing
the contents of the tub, and removing about 30 percent of the original sample weight using a dip net. All
fish in the subsample were identified to species and counted. Subsample species composition was
assumed representative of total catch. The total number of each species in the catch was estimated by
extrapolation using the ratio of subsample weight to total weight.

Approximately 1 in 10 suckers were sacrificed and later frozen for identification to species.
Juvenile suckers were identified as either Lost River suckers, or a grouping of shortnose and Klamath
largescale Catostomus snyderi suckers, using vertebral counts as described by (Markle and others,
2005). Sacrificed suckers also were used in a related but separate pilot study on triglyceride content,
which required them to remain frozen. Therefore, gill raker counts needed to further separate shortnose
from Klamath largescale suckers were not conducted. Given that juvenile Klamath largescale suckers
are infrequent in catches throughout the lake (Hendrixson and others, 2007), we assumed that most fish
in this grouping were shortnose rather than Klamath largescale suckers. We further assumed that the
identified portion of sucker species was representative of the total catch.



GIS Analysis and Mapping Techniques

We used ArcMap 9.2 to associate our sample sites with site characteristics such as wetlands,
tributaries, and substrates. A substrate class was assigned to each site by using Hawth’s Analysis Tools
(Beyer, 2006) to link our sample locations to sonar substrate data from Eliers and Eliers (2007). We
simplified Eliers and Eliers (2007) substrate classes into two groups, small (mud, clay, or sand) and
large (gravel, cobble, rock and boulder) for our analysis. We additionally classified sites as being either
adjacent (< 200 m) or distant (> 200 m) from tributaries and wetland edges (USGS 7.5-minute
topographic maps). ArcGIS software also was used to examine temporal and spatial patterns in sucker
distribution.

Summary and Analysis of Data

We summarized and analyzed data collected in spring 2007 on the basis of a variety of questions
related to temporal and spatial abundance and distribution, and species composition. We calculated
catch per unit effort (CPUE; fish/hour) for juvenile suckers and summarized it based on location, date,
and substrate type. Specifically, we looked at the distribution of suckers in relation to site characteristics
such as location within the lake (North, Central, or South), distance from shore (50 or 200 m), proximity
to wetlands (> 200, 200, or 50 m), proximity to tributary streams or rivers (adjacent or distant), substrate
size (small or large), and water depth (<2, 2-3, 3—4, and >4 m). For all comparisons, we assumed
constant capture efficiency among all spring net sets. Test statistics were inappropriate for these data,
given small sample sizes and the frequency of nets that caught no suckers. Therefore, we took a
qualitative and exploratory approach in summarizing these data.

Results

We caught a total of 53 juvenile suckers during 9 weeks of trap netting in Upper Klamath Lake
in spring 2007. Of the 54 trap net sets during this time period, 35 percent contained juvenile suckers but
only 19 percent caught more than one sucker. In the nets that did catch suckers, CPUE ranged from
0.038 to 0.405. The highest mean daily catch rate occurred on May 29 (0.16 + 0.07) and the lowest
mean catch rate occurred on May 7, when no suckers were caught over a combined total of 146.5 hours
of soak time (fig. 2). The net with the single highest catch rate (0.405 fish/hour) was set
50 m off Squaw Point Marsh in Howard Bay on May 29 and had a catch rate 1.67 times greater than the
next most productive net set.

A total of 13 suckers were kept for identification to species. Of these, six were mortalities that
occurred during a tagging experiment (see Chapter 3), one was a mortality attributed to a lamprey, one
was found dead at the Running Y boat ramp on the southwest shore, and five were sacrificed to
characterize the species composition in our catches. Only one of these suckers was positively identified
as a Lost River Sucker. Nine others were identified as either shortnose or Klamath largescale suckers,
and the final three were unidentifiable using our methods. The Lost River sucker was captured on May
29 in Howard Bay 50 m off Squaw Point Marsh. The nine fish, identified as either shortnose or Klamath
largescale suckers, were captured near Cove Point (3), Howard Bay (3), Moore Park (1), Thompson
Creek (1), or the Running Y boat ramp (1).

Suckers caught during spring sampling ranged between 53 and 147 mm SL with a mean of
93 mm SL (« 2 SE; fig. 3). The longest sucker sacrificed for identification (104 mm SL) was the only
fish positively identified as a Lost River sucker. Fish identified as either shortnose or Klamath
largescale suckers ranged from 70 to 91 mm SL and averaged 81 £ 2 mm SL. Based on length
frequency histograms from all suckers caught in our spring sampling, it is possible that we were able to



capture both age-1 and age-2 juvenile suckers, with the two fish larger than 120 mm SL possibly being
age-2 fish. Without further evidence as to their ages, however, we assume that these fish were 1-year old
and were either born early in the previous year or had higher than average growth rates during their first
year. Given that juvenile suckers can reach up to 100 mm SL by the end of their first summer (Markle
and Cooperman, 2002), we believe our assumption about the age of these longer fish is reasonable.

There was little variation in the spatial distribution of catch rates for juvenile suckers throughout
the lake shore environments sampled in the spring. However, a few minor but notable trends did exist.
The percentage of nets to catch at least one sucker was greatest in the south (50 percent), followed by
the north (33 percent) and the central (22 percent) portions of the lake. Of the nets that did catch
suckers, the highest mean (+ SE) CPUE by area occurred in the south (0.12 £ 0.04, n = 10), followed by
the central (0.10 + 0.05; n =4), and north (0.09 + 0.02; n = 5) portions of the lake (fig. 4). The
percentages of nets to catch at least one sucker were similar between those set 50 m from shore (33
percent) and those set 200 m from shore (37 percent). Additionally, the mean (+ SE) CPUE for nets that
caught at least one sucker was only slightly greater in nets set at 50 m from shore (0.14 £ 0.04; n=9)
than nets set 200 m from shore (0.08 + 0.02; n=10; fig. 5).

Catches of juvenile suckers differed slightly when nets were set near wetlands as compared to
away from them. The percentage of nets that caught at least one sucker was similar between nets set
more than 200 m from a wetland (29 percent; n = 34) and those set 200 m from a wetland (30 percent;

n = 10). In comparison, the percentage of nets set within 50 m of a wetland that caught at least one
sucker (60 percent; n = 10) was at least twice as great. However, the mean CPUE (+ SE) in nets that
caught at least one sucker was similar at sites 50 m from wetlands (0.12 + 0.06; n = 6), sites 200 m from
wetlands (0.12 £0.04; n = 3), and sites more than 200 m from wetlands (0.10 = 0.02; n = 10; fig. 6).

Our catches did not vary greatly across environmental variables such as nearness to tributary
streams or rivers, or substrate type. The portion of nets to catch at least one sucker were only slightly
greater in nets set adjacent to tributary mouths (40 percent; n = 10) than at sites set away from
tributaries (34 percent; n = 44). When only nets that caught at least one sucker were examined, there
also was virtually no difference in the mean (= SE) CPUE between those set near tributary mouths
(0.10 = 0.03; n = 4) and those set away from tributary mouths (0.11 + 0.03; n = 15; fig. 7). A slightly
higher percentage of nets set over small substrate (37 percent; n = 40) caught at least one sucker than
nets set over large substrate (29 percent; n = 14). One notable difference was in nets that did catch
suckers. In these nets, mean (= SE) CPUE was more than twice as high in nets set over small substrate
(0.12 + 0.03) than in nets set over large substrate (0.06 &+ 0.02; fig. 8).

Water depth, however, may be a stronger determinant of sucker habitat. Despite our small
sample size, we saw a declining trend with water depth in the percentage of trap net sets that caught at
least one sucker. Nets set in less than 2 m of water had the highest percentage of positive catches (75
percent; n = 4) followed by those set in 2 to 3 m (43 percent; n = 33) and 3 to 4 m (13 percent; n = 15)
of water. Neither of two nets set in water deeper than 4 m caught suckers. This trend was reversed when
mean (+ SE) catch rates in nets that caught suckers were examined across depth categories. Mean (+ SE)
CPUE was highest when nets were set at 3 to 4 m deep (0.12 + 0.08), only slightly lower when set in
water 2 to 3 m deep (0.11 & 0.04) or less than 2 m deep (0.10 £ 0.03; fig. 9).

Our spring catches were fairly diverse but were dominated by three widely distributed species.
The order of highest to lowest total CPUE among species was blue chub Gila coerulea, followed by tui
chub G. bicolor, fathead minnow Pimephales promelas, Klamath Lake sculpin Cottus princeps, yellow
perch Perca flavescens, Upper Klamath marbled sculpin Cottus klamathensis klamathensis, sucker spp.,
lamprey Lampetra spp., unidentified sculpin species Cottus spp., pumpkinseed Lepomis gibbosus,
slender sculpin Cottus tenuis, and brown bullhead Ameiurus nebulosus. Blue chub had the widest spring
distribution and were captured in 91 percent of nets, followed by fathead minnows in 87 percent of nets,
Klamath sculpin in 80 percent of nets, and tui chub in 78 percent of nets. The percentages of nets that
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captured yellow perch (33 percent), marbled sculpin (33 percent), and lamprey (17 percent) were much
smaller. Pumpkinseed were captured in only two nets, and slender sculpin and brown bullhead were
captured in only one net each.

Overall species composition was similar through time, across areas of the lake, and near or
distant from shore, wetlands or tributaries. Total catch rates were highest on April 23 and May 14 and
lowest on May 21 and May 29 (fig. 10). Regardless of catch size, the composition of species was similar
among weeks (fig. 10). Total catch rates for all species combined were highest in the southern portion
and lowest in the northern portion of the lake, but species composition was similar in all three areas (fig.
11). Nets set 50 m from shore caught more fish than nets set 200 m from shore, regardless of distance
from wetlands (fig. 12). Nets set away from tributary mouths (> 200 m) caught slightly more fish than
nets set near tributaries, but species composition was similar at both types of sites (fig. 13).

There were some differences in total catch rates and species composition across depth categories
(<2,2-3,3-4, and > 4 m). Total catches were lowest in nets set in 3 to 4 m of water, and highest in nets
set in less than 2 m or more than 4 m of water (fig. 14). Catches in nets set in less than 2 m of water
were dominated by blue and tui chubs, whereas catches in nets set in more than 4 m of water were
dominated by fathead minnows. Tui chub catch rates were 2.7 times higher in less than 2 m of water
than in any other depth category. Fathead minnows in comparison were caught at rates 5.3 times higher
in more than 4 m of water. Of the six most common species, yellow perch was the only one not captured
in less than 2 m of water. Marbled sculpin catch rates steadily declined with depth, and no marbled
sculpin were captured in more than 4 m of water. In contrast, yellow perch catch rates were 9.9 times
higher in nets set in more than 4 m of water compared to all nets set in all other depth categories
combined.

When we compared nets that caught suckers to nets that did not catch suckers, species
composition was similar with one notable exception. Yellow perch were captured in 45 percent of nets
that did not catch suckers but in only 10 percent of nets that also caught suckers. Compared to suckers,
yellow perch were small and only 1 out of 62 yellow perch captured was more than 100 mm SL.

Spring Distribution of Age-1 Suckers

Despite our increased effort over previous studies (54 net sets for a total of 1,326.2 soak hours)
to examine post-wintering juvenile sucker distributions in Upper Klamath Lake, our catches of juvenile
suckers remained low. Other studies also reported low catch rates for juvenile suckers in April and May.
Markle and Simon (1993) set 27 overnight trap nets (904 soak hours) in the spring of 1992 during April
and May, and captured a total of 76 juvenile suckers in tributaries of Upper Klamath Lake, but only 4 in
the lake itself. Markle and Simon (1993) attributed small relative catches of suckers when compared to
total catch size to the sedentary nature of suckers compared to blue and tui chub. Differences in
catchablity among species are certainly a major factor in estimating abundance from catch rates, but
consistently low catches of young suckers in passive and active gears suggest the abundance of these
fish may truly be low in Upper Klamath Lake during the spring. From 1996 to 2007, researchers at
Oregon State University pulled otter trawls in offshore areas of Upper Klamath Lake between April and
May (Simon and Markle, 2008). In this long-term monitoring program, seasonal catch rates never
exceeded 0.15 suckers per 20-m tow, which indicates that spring abundance of age-1 suckers within
Upper Klamath Lake is commonly low.

A comparison between the sucker species composition in our spring 2007 catches and those in
the previous summer suggests shortnose suckers may have experienced better over-winter survival than
Lost River suckers. The sucker species composition in our spring 2007 sampling was 69.7 percent
shortnose or Klamath largescale, 23.1 percent unidentifiable, and only 7.7 percent Lost River. However,
in the previous summer age-0 sucker species composition in our nets was 50.1 percent shortnose or



Klamath largescale, 43.4 percent Lost River, and 6.2 percent unidentifiable suckers (Burdick and others,
2008a). Simon and Markle (2008) also reported a similar split between age-0 Lost River (56 percent)
and shortnose (44 percent) suckers caught in cast nets in 2006. Assuming our grouping of shortnose and
Klamath largescale suckers was made up predominantly of shortnose suckers, this dramatic proportional
change suggests differential survival between the two dominant sucker species. It should be noted,
however, that this conclusion is based on only 13 sacrificed suckers in the spring of 2007. Given such a
weak inference, speculation as to what may have caused differential mortality would be unwise. Future
research may further illuminate species specific differences in survival and abundance.

One of the more interesting contrasts in our spring data was that between sucker catch rates near
or distant from wetland edges. High catch rates in nets set at the mouth of Thomason Creek (TCK;
fig. 1) and in Howard Bay (HWB; fig. 1) strongly influenced this pattern, which may have been the
spurious result of analyzing sparse data. However, wetlands may provide protection from redband trout
Oncorhynchus mykiss newberrii, which are the most likely fish predator of age-1 suckers, due to their
large size and piscivorous diet. Redband trout are abundant in Upper Klamath Lake from late autumn to
spring. In June, however, most of these fish move into rivers, which may relieve predation pressure on
age-1 suckers later in the summer (W. Tenniswood, Oregon Department of Fish and Wildlife, oral
commun., 2008). Alternatively, wetland edges may be attractive to age-1 suckers during colder months
because they are associated with springs, which may be warmer than the lake water.

Our spring catch rates for juvenile suckers were unexpectedly similar between nets set near and
distant from tributary mouths. We expected our catch rates to be higher near tributary mouths based on a
1992 survey by Markle and Simon (1993), who reported catch rates of juvenile suckers 21 times higher
in tributaries than in Upper Klamath Lake itself. The difference between our results and those reported
by Markle and Simon (1993) may be due to where nets were set in relation to tributaries. Within
tributaries, Markle and Simon (1993) set nets at least 100 m upstream of the mouth, with the lead facing
downstream and the cod end upstream, targeting upstream spring migrants. By comparison, we detected
little to no difference in catches in our nets set in lake environments within 200 m of tributary mouths,
and those set distant (> 200 m) from tributaries. Although Markle and Simon’s (1993) results suggest
age-1 and older juvenile suckers are most likely to be found in tributaries to Upper Klamath Lake during
April and May, our results suggest this same age class does not necessarily use lake environments in
close proximity to these streams and rivers at a higher rate than other areas within the lake.

The most promising environmental variable for describing spring age-1 sucker habitat may be
water depth. In relation to increasing depth, our results show a declining trend in the percentage of nets
that caught at least one sucker, but an increasing trend in catch rates when nets that caught no suckers
were excluded from the analysis. This combination of trends may suggest that suckers use shallow water
with a greater frequency, but are more concentrated in deeper water in April and May. This spring
habitat use pattern provides an interesting contrast to that for deeper water summer habitat used by the
same age class of juvenile suckers (Chapter 2). Given the exploratory nature of our spring sampling, the
relation between sucker habitat and water depth can only be considered preliminary. However, these
data provide support for further study of depth effects on spring habitat use by age-1 suckers.

Species composition in our spring sampling was similar to that observed in summer sampling in
2004, 2005, and 2006, except that yellow perch were in lower relative abundance in our spring samples.
Given that catches of small (<100 mm SL) yellow perch peak annually around the second or third week
of August (Hendrixson and others, 2007; Burdick and others, 2008a), it is not surprising that they were
in lower relative abundance in our spring catches. Yellow perch exhibited a relation to depth opposite to
that of juvenile suckers and were caught less frequently when suckers were present. Due to the small
size of yellow perch captured in our nets, this observation probably is due to differences in habitat
preferences rather than competitive exclusion or some other inter-species interaction.



This pilot study built the foundation for future research on post-wintering distributions of
juvenile suckers. Trends observed in the spring of 2007 were based on relatively few net sets and
suckers caught, and may not be consistent with trends detected in future years of sampling. Future
research should focus on validating differential use of across environmental gradients by both
endangered lake sucker species, examining differences in over-winter survival and post-wintering
distributions between Lost River and shortnose suckers, and tracking the success of the 2006 cohort to
adulthood.
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Figure 1. Sampling areas, sampling sites, and mean catch per unit effort (CPUE; fish/nour) for age-1 suckers
caught in overnight trap net sets between April 2 and May 29, 2007, in Upper Klamath Lake, Oregon. Locations of
major wetlands adjacent to the lake and locations of major tributaries also are shown. Each week a total of six
overnight trap nets were set at three sites throughout the lake. One net at each site was set 50 m from shore and
the other at 200 m from shore.
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Figure 2. Mean daily catch per unit effort (CPUE; suckers/ hour) £ SE for age-1 suckers captured by trap nets
between April 2 and May 29, 2007, in Upper Klamath Lake, Oregon. Each week a total of six overnight trap nets
were set at three sites throughout the lake. One net at each site was set 50 m from shore and the other at 200 m
from shore. The numbers of nets that caught at least one sucker each week are given.
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Figure 3. Length frequency distribution for suckers caught in trap nets set in Upper Klamath Lake, Oregon,
between April 2 and May 29, 2007.
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percentiles, boxes encompass 25" and 75t percentiles, dots indicate outliers, solid lines show medians, and dotted
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Figure 5. Distribution of catch rates (catch per unit effort; suckers/hour) for trap nets set either 50 m or 200 m from
shore in Upper Klamath Lake, Oregon, that caught one or more suckers between April 2 and May 29, 2007
sampling. Whiskers show 5t and 95t percentiles, boxes encompass 25t and 75t percentiles, dots indicate
outliers, solid lines show medians, and dotted lines indicate means. The number of nets set at each distance from
shore that caught at least one sucker and were used to create these plots also are given.
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Figure 6. Distribution of catch rates (catch per unit effort; suckers/hour) for trap nets set either adjacent to a
wetland (< 250 m) or away from a wetland in Upper Klamath Lake, Oregon, that caught one or more suckers
between April 2 and May 29, 2007. Whiskers show 5t and 95! percentiles, boxes encompass 25t and 75t
percentiles, dots indicate outliers, solid lines show medians, and dotted lines indicate means. The number of nets
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Figure 7. Distribution of catch rates (CPUE; suckers/hour) for trap nets set either adjacent to a tributary mouth or
away from a tributary mouth in Upper Klamath Lake, Oregon, that caught one or more suckers, between April 2 and
May 29, 2007. Whiskers show 5th and 95th percentiles, boxes encompass 250 and 75t percentiles, dots indicate
outliers, solid lines show medians, and dotted lines indicate means. The number of nets set at each distance from
shore that caught at least one sucker and were used to create these plots also are given.
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Figure 8. Distribution of catch rates (catch per unit effort; suckers/hour) for trap nets set over small and large
substrate in Upper Klamath Lake, Oregon, that caught one or more suckers between April 2 and May 29, 2007.
Whiskers show 5t and 95t percentiles, boxes encompass 25t and 75t percentiles, dots indicate outliers, solid
lines show medians, and dotted lines indicate means. The number of nets set at each distance from shore that
caught at least one sucker and were used to create these plots also are given.
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Figure 9. Distribution of catch rates (catch per unit effort; suckers/hour) for trap nets set in three depth categories
in Upper Klamath Lake, Oregon, that caught one or more suckers between April 2 and May 29, 2007. Whiskers
show 5t and 95! percentiles, boxes encompass 25t and 75t percentiles, dots indicate outliers, solid lines show
medians, and dotted lines indicate means. The number of nets set at each distance from shore that caught at least
one sucker and were used to create these plots also are given.
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Figure 10. Total catch per unit effort (CPUE; fish/hour) by week for the six most common species captured in trap
nets in Upper Klamath Lake between April 2 and May 29, 2007. Each week a total of six overnight trap nets were
set at three sites throughout the lake. One net at each site was set 50 m from shore and the other at 200 m from
shore.
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Figure 11. Total catch per unit effort (CPUE; fish/hour) for the six most common species captured in trap nets in
Upper Klamath Lake between April 2 and May 29, 2007, by distance from shore (meters) for nets set near (<200
m) or distant (> 200 m) from a wetland. Each week a total of six overnight trap nets were set at thee sites
throughout the lake. One net at each site was set 50 m from shore and the other at 200 m from shore. The number
of net sets used for each stacked bar plot are given.
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Figure 12. Total catch per unit effort (CPUE; fish/hour) for the six most common species captured in trap nets in
Upper Klamath Lake between April 2 and May 29, 2007, by portion of the lake sampled (see fig. 1). The three
areas of the lake sampled were: (1) north and west of Eagle Point and the mouth of the Williamson River (North),
(2) south and east of Eagle Point and the mouth of the Williamson River and north of Squaw Point and Hagelstein
Park (Central), (3) south of Hagelstein Park and Squaw Point including Howard Bay (South; fig. 1). Trap net sets
were distributed approximately equally among the three areas (North = 16, Central = 18, South = 20). Each week a
total of six overnight trap nets were set at three sites throughout the lake. One net at each site was set 50 m from
shore and the other at 200 m from shore.
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Figure 13. Total catch per unit effort (CPUE; fish/hour) for the six most common species captured in trap nets in
Upper Klamath Lake between April 2 and May 29, 2007, for trap nets set near (<200 m) or distant (> 200 m) from
a tributary mouth. Each week a total of six overnight trap nets were set at three sites throughout the lake. One net
at each site was set 50 m from shore and the other at 200 m from shore. A total of 10 nets were set near tributaries
and 44 were set away from tributary mouths.
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Figure 14. Total catch per unit effort (CPUE; fish/nhour) for the six most common species captured in trap nets in
Upper Klamath Lake between April 2 and May 29, 2007, by water depth category (in meters). Each week a total of
six overnight trap nets were set at three sites throughout the lake. One net at each site was set 50 m from shore
and the other at 200 m from shore. The number of nets set in each depth category is given.
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Chapter 2.—Summer Distribution of Age-0 and Age-1 Suckers in Relation to
Environmental Variables in Upper Klamath Lake, Oregon

By Summer M. Burdick and Scott P. VanderKooi, U.S. Geological Survey

Introduction

Rapid declines in catch rates for juvenile endangered Lost River sucker Deltistes luxatus and
shortnose sucker Chasmistes brevirostris and a lack of substantial recruitment into adult sucker
populations in recent years suggests that these sucker populations experience high mortality between
their first summer and first spawn. Low relative catch rates in Upper Klamath Lake, Oregon, of age-1
compared to age-0 Lost River and shortnose suckers may be due to sampling the wrong environments,
poor detection probability, or the true rarity of this age class. Infrequent recruitment into the spawning
population suggests suckers experience high mortality between their first summer and first spawn
(National Research Council, 2004), which may be exacerbated by diminishing rearing habitat and
declining water quality. The causes and rates of mortality can not be adequately assessed, however,
without first examining age-dependent catchability and seasonal dynamics in distribution and habitat
use of age-0 and age-1 suckers. This is because most methods of assessing mortality depend on the
assumptions that all age classes of fish are equally likely to be captured and that a representative sample
of individuals from a homogenously distributed population can be obtained (Guy and Brown, 2007).

Although summer age-0 sucker habitat use and distribution is fairly well understood in Upper
Klamath Lake (VanderKooi and Buelow, 2003; Terwilliger and others, 2004; Hendrixson and others,
2007a; Hendrixson and others, 2007b; VanderKooi and others, 2007; Burdick and others, 2008a;
Burdick and others, 2008b), almost no information exists on the habitat use and distribution of age-1
suckers for the same time of year. Between 2001 and 2006, age-1 and older juvenile suckers were
sporadically caught in open water and environments dominated by Scirpus spp. (VanderKooi and
Buelow, 2003; Hendrixson and others, 2007a; Hendrixson and others, 2007b; VanderKooi and others,
2007). Catch rates between 2001 and 2006 tended to be slightly greater within 200 m of shore than in
nets set 400 or 600 m from shore (n = 24; U.S. Geological Survey, unpub. data, 2001-06). Nearshore
sampling from 2004 to 2006 indicated that age-1 and older juvenile suckers were approximately equally
dispersed in the north (56 percent, n=14) and south (44 percent, n=11) ends of the lake (U.S. Geological
Survey, unpub. data, 2001-06). Nearshore to offshore trap net transect surveys at five locations along
the eastern shore of Upper Klamath Lake between 2002 and 2006 indicated that age-1 suckers are
concentrated around Hagelstein Park and the mouth of the Williamson River in early July (VanderKooi
and Buelow, 2003; Hendrixson and others, 2007a; Hendrixson and others, 2007b; VanderKooi and
others, 2007). However, all these habitat use and distribution trends are based on very small sample
sizes and should be interpreted with extreme caution.

The effects of water quality on age-0 and age-1 sucker distribution are not well understood, but
may be a key component in understanding seasonal changes in habitat use. A positive correlation
between age-0 sucker catch rates and concentrations of dissolved oxygen (mg/L; DO) was measured in
several previous studies (Buettner and Scoppettone, 1990; Terwilliger and others, 2004). Martin and
Saiki (1999) determined that concentrations of DO are the most critical factor affecting juvenile Lost
River sucker survival in Upper Klamath Lake, which may help explain the association between high
concentrations of DO and juvenile sucker catch rates. Lethal pH levels and concentrations of DO for
juvenile Lost River and shortnose suckers (Saiki and others, 1999) occur locally in areas of Upper
Klamath Lake almost every year (Terwilliger and others, 2004; Wood and others, 2006), and sublethal
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levels (Loftus, 2001) are common throughout the lake in July and August (Wood and others, 2006). In
Upper Klamath Lake, pH and DO are positively correlated as a result of increased photosynthetic
activity by massive blooms of Aphanizomenon flos-aquae (Wood and others, 2006). Therefore,
environments with both low pH and high DO may be unavailable during bloom cycles, forcing juvenile
suckers to settle for one or the other. For example, Burdick and others (2008b) reported slightly higher
occupancy rates by age-0 suckers at sites with both high pH and DO, rather than at sites with low or
moderate pH and high DO.

Differential detection of a species among environments or age classes, often unaccounted for in
fisheries research, can lead to biased conclusions about habitat use (MacKenzie, 2005; MacKenzie and
others, 2006) or mortality rates. For example, studies that assessed capture efficiency for amphibians
and stream-dwelling salmonids determined that gear bias varied among sampling sites and sampling
occasions, and was dependent on environmental variables (Bailey and others, 2004; Peterson and others,
2004; Weir and others, 2005). The probability of detecting age-0 suckers in fyke nets set near shore in
less than 3 m of water is negatively correlated with depth and positively associated with catch rates in
mid to late summer (Burdick and others, 2008b). Failing to account for these variations in detection
would cause erroneously low estimates of occupancy in early summer and deeper water.

Our 2007 summer sampling protocol was designed to quantitatively estimate detection
probability, distribution, and habitat use of age-0 and age-1 suckers throughout the Upper Klamath
Lake. We estimated site-occupancy rates of juvenile suckers in the presence of imperfect detection by
sampling sites multiple times simultaneously and using an analysis method described by MacKenzie
and others (2006). Our approach allowed us to evaluate the importance of water depth, distance from
shore, substrate type, water quality, and month in relation to habitat use and detection probability of
age-0 and age-1 suckers. The effectiveness of this relatively new methodology was recently
demonstrated for age-0 suckers in nearshore environments in Upper Klamath Lake (Burdick and others,
2008b). The information we present in this chapter regarding summer distribution and habitat use for
age-0 and age-1 suckers will help improve sampling design for future research and assist in
management of water resources, endangered species, and restoration efforts.

Methods

Collection of Samples

We used a random stratified sampling design to examine age-0 and age-1 sucker summer (early
June to mid-September) habitat use in Upper Klamath Lake. We sampled six strata, which included
nearshore and offshore strata in each of three areas of Upper Klamath Lake: (1) north and west of Eagle
Point and the mouth of the Williamson River, (2) south and east of Eagle Point and the mouth of the
Williamson River and north of Squaw Point and Hagelstein Park, and (3) south of Hagelstein Park and
Squaw Point including Howard Bay (fig. 1). Sites available for sampling were conceptualized as 2,500-
m” cells covering the entire lake. Available nearshore sites consisted of two concentric 50 x 50-m
rectangular bands running along the entire shoreline. Offshore sites were considered hexagonal cells at
least 100 m from shore.

At each site, we collected three overnight simultaneous trap net samples, using rectangular nets
with mouth dimensions of 0.609 x 0.914 m, a 15-m lead, and three internal fykes. Nets were set with
mouth openings 120 degrees from each other to avoid interference among nets. At each site in water less
than 3 m deep, we confirmed substrate classifications, based on a report by Eilers and Eilers (2007), by
probing the bottom of the lake with a PVC pole. The set and pull times, orientation of the net mouth,
and lead and mouth depths were recorded for each net. Lead and mouth depths for all three nets at each
site were averaged for analysis.
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Captured fish were identified to species or lowest practical taxonomic group and counted.
Standard length (SL) was taken for all suckers. When catches exceeded 2 to 3 kg, a subsample was
taken for all species except juvenile suckers. Prior to subsampling, the presence and absence of each
species in the entire sample was recorded in three size bins (small, < 100 mm SL; medium, 100-200
mm SL; and large, > 200 mm SL), and all suckers were measured and removed from the sample.
Subsamples were taken by placing the entire sample in a large water-filled tub, thoroughly mixing the
contents of the tub, and removing about 30 percent of the original sample weight using a dip net. The
total number of each species in the total catch was estimated by extrapolation using the ratio of
subsample weight to total weight. Subsample species composition was assumed representative of total
catch. Catch per unit effort (CPUE; fish/hour) was calculated for each non-sucker species by dividing
the number caught in a net by the number of hours each net was set.

One out of three captured suckers 70 mm SL or less, and 1 out of 10 suckers 70 to 145 mm SL
were sacrificed and preserved in 95-percent denatured ethanol for identification to species. We
identified juvenile suckers to species in the laboratory with a method developed by Markle and others
(2005) using a combination of techniques including vertebrae enumeration, lip morphology, and gill
raker counts. The estimated number of each sucker species in a catch was obtained by multiplying the
species proportion in the subsample of sacrificed fish by the total number of juvenile suckers caught in
the sample. We classified suckers as age-0, age-1, or older based on weekly length frequency plots.
Otoliths for a subset of 10 suckers estimated to be age-1 based on length histograms were sent to
Oregon State University for ageing.

We used ArcMap 9.2 to associate our sample sites with water-quality stations and mapped
substrates. Each sample site was associated with 1 of 17 USGS water-quality monitoring stations
located throughout Upper Klamath Lake. The most representative water-quality station, not necessarily
the nearest, was selected based on typical summer flow patterns (Wood and others, 2006). At each
water-quality station, DO, pH, and temperature (°C) were recorded hourly by the Oregon Water Science
Center. Hawth’s Analysis Tools (Beyer, 2006) was used to associate each site with substrate as mapped
by Eilers and Eilers (2007). Mud, clay, and sand substrates were classified as small, whereas gravel,
cobble, rock and boulder substrates were classified as large in our analysis.

Analysis of Data

Development of Models

We estimated habitat use separately for age-0 and age-1 suckers with a suite of occupancy
models (MacKenzie and others, 2006) in which we accounted for detection probability concurrently
with the probability of habitat use. With three nets at each site, there are i=8 possible outcomes and
corresponding capture histories (4;). Capture histories are denoted as a series of 0’s and 1’s, where 1
indicates that a sucker was captured in a net and a 0 indicates the opposite. A probability function can be
written for each capture history by allowing i to indicate the probability that a site is occupied by a
sucker of age a at the time of sampling, and p to indicate the probability of detecting at least one sucker
of age a given the presence of suckers of this age group at a site. Therefore, if at least one sucker in age
class a is captured, then the probability statement can be written as follows:

Pr(hy) =yp™ (1=p)",
where n, is the number of nets at a site that caught suckers in age class a and n,is the number of

nets that did not catch suckers of that age class. The probability of not capturing any suckers in an age
class can be written as:

Pr(h) =y (1-p)" +(1-y)
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We estimated p and y separately for age-0 and age-1 suckers using a maximum likelihood
approach in program MARK (White and Burnham, 1999). Based on observed data, Program MARK
maximizes the likelihood function:

Lip.w | h) =1f[Pr(h,->,

which is the product of probabilities of all observed encounter histories (4;).

We used a logit link function to model the effect of covariates on the odds of detection and
occupancy. The logit function is defined as:

0.
ln(l_’g ] =By + pixy +..+ Bx,

where f; determines the size of the effect of covariates x;, and 6, is the parameter of interest

(p or y).

This method required a number of reasonable assumptions to be made. First, we assumed non-
suckers were never erroneously identified as suckers, and that ages were correctly determined. We also
assumed detection and presence of age-0 or age-1 suckers was independent among sites and samples.
For example, if an age-0 sucker was detected in one net, we assumed at least two more age-0 suckers
were available to be captured in the other two nets at the same site.

To model the factors associated with age-0 and age-1 sucker detection probability (p) and habitat
use (), we developed a set of a priori candidate models based on a literature review and our previous
observations. Each candidate model was a mathematical description of a working hypothesis that
explained age-0 or age-1 sucker distributions in Upper Klamath Lake. We fit models having only
parameters for either p or y first. We then fit models in which p and y were parameterized. If a variable
was hypothesized to affect detection probability or use of an environment, a model was included to
incorporate both effects. The biological interpretation for all covariates included as part of the logit
submodels are given in table 1.

All models were applied to both age groups, with the exception of a model including a covariate
for the presence or absence of fish predators, which was not suitable for age-1 suckers that have few to
no fish predators in Upper Klamath Lake. In our most basic candidate models, age-0 or age-1 suckers
were considered to be uniformly distributed and equally detectable across all sites. Parameters included
in our models described physical environmental characteristics (substrate size, area of lake sampled, and
water depth), fish communities (presence of predators and species richness), or water-quality factors
(pH, DO, and temperature). Because we did not stratify our sampling by the presence or absence of
vegetation, and vegetated environments are relatively rare in Upper Klamath Lake (only 13 percent of
sampled sites had any vegetation at all), the presence or absence of vegetation was not included as a
variable. We hypothesized that habitat usage would be maximized at some intermediate value of either
depth or temperature. We expressed these hypotheses with second-order polynomials in the logit
submodels. To ensure that numerical-optimization algorithms could find the correct parameter
estimates, all covariate data were scaled to a value between -1 and 1 in program MARK by subtracting
the mean of the covariate from the individual value and dividing by the standard deviation (Cooch and
White, 2008).
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Mean water-quality measurements for DO, pH, and temperature for the week leading up to and
including the day of sampling were used as parameters to describe y in our models. Water temperature
averaged over the duration of the net set was used as a parameter to explain variation in p. We also
included stress index covariates for DO and pH based on an equation presented by Loftus (2001). Based
on available data, Loftus (2001) determined the concentrations or levels of water-quality parameters
likely to initiate physiologically adaptive responses (low-stress thresholds), and at which adverse
sublethal effects are likely to occur (high-stress thresholds). The Loftus (2001) stress indices place the
effect of water-quality metrics between high- and low-stress thresholds on a scale between 0 and 1.
Low-stress thresholds were reached at concentrations of DO of 6 mg/L or pH of 9.00. High-stress
thresholds were reached at concentrations of DO of 4 mg/L or pH of 9.75.

Selection of Models

Candidate models were ranked using Akaike’s Information Criteria (AIC) adjusted for small
sample size (AICc; Burnham and Anderson, 2002). Use of AIC provides a method of ranking models
based on their log, likelihood with a penalty for the number of parameters to encourage parsimony.
When the ratio between the sample size () and the number of parameters is less than or equal to 40,
Burnham and Anderson (2002) recommend a small sample size adjustment be added to the AIC
ranking. Because this adjustment approaches 0 as n becomes large, it is appropriate regardless of sample
size; thus we applied the adjustment.

We examined the fit of our most parameterized age-0 and age-1 models, to which all other
models in each set were compared, with a bootstrapped estimate of a variance inflation factor (é) We
generated bootstrapped estimates of ¢ in Program PRESANCE with 1,000 iterations each for the most
parameterized model in each model set. An estimated ¢ greater than 1 indicated that either unmodeled

heterogeneity or a lack of independence among sites and was used to adjust the variance and AICc
rankings. Variance-adjusted rankings are referred to as quasi-AIC ranks (QAICc) in the results section.

Delta QAICc and QAICc normalized weights (wi) were calculated in program MARK for each
model, and used to interpret relative model ranks and calculate average parameter estimates.

Normalized weights are calculated by dividing each model weight (exp(#n by the sum of all

model weights in a group of models (Cooch and White, 2008). A confidence set of models was defined
as models having a w, no less than 10 percent of the w;, for the most parsimonious model (Burnham and

Anderson, 2002). For comparison between two models, we calculated evidence ratios as the ratio
between the two model weights.

Parameter Estimation

To incorporate model uncertainty, we model averaged over all models for each age class to
estimate probability of detection (p), habitat use (y), 8, from the logit submodels, and the variances

associated with these estimates (Burnham and Anderson, 2002; MacKenzie and others, 2006). To
estimate p and ¥ given environmental conditions of interest, we back-transformed estimates of f3s,

and used the delta method to calculate confidence intervals (Cooch and White, 2008). For models
containing polynomial habitat-use submodels, we calculated habitat-use probability curves. To find the
point at which these curves were maximized, we took the derivative, set it equal to 0, and solved for the
parameter estimate.
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Models that rank high using AIC identify which parameters are important for explaining
variation in habitat use, but do not indicate the direction or magnitude of parameter effects. Odds ratios
indicate that the direction and magnitude of parameter effects and allow us to understand how
environmental and community variables affect habitat use and detection. To examine the effects of
model parameters on habitat use and detection, we calculated odds ratios and their confidence limits for
all pand y logit submodel variables contained in at least one monomial model in each confidence set

of models (MacKenzie and others, 2006). Odds ratios for a single unit of change were calculated as e” ,
and standard errors for odds ratios were estimated as:

SE(IBi ) = \/(%)VEII‘(ﬁi ) :

We limited our reporting of confidence bands to the interval between 0 and 1 because higher and
lower values have no biological meaning.

We used two approaches to examine species interactions. Species richness, calculated as the
total number of non-sucker species caught at a site, was included as a covariate in a logit submodel for
w for each age group. The presence of predators was used as a covariate to model heterogeneity in i for
age-0 suckers. Potential predators were considered to be individual fish from of any of the following
species more than 100 mm SL: yellow perch, pumpkinseed, brown bullhead, and rainbow trout.

Results of Data Collection and Analysis

We set three overnight net sets at each of 354 sites in six strata including nearshore and offshore
strata in the northern, central, and southern areas of the lake (fig. 1). Three nets failed, two due to
loosely tied cod ends and one due to disturbance. Site depths averaged 2.76 m and ranged from 0.42 m
to 11.05 m. Median depths at sample sites were similar between nearshore and offshore environments
(Mann-Whitney test; p = 0.03). The majority of sites were set over mud (74 percent), followed by
boulder substrates (15 percent). Less than 3 percent of sites had sand, clay, gravel, cobble, or rock
substrate. All together, 79 percent of sites had small substrate and 21 percent had large substrates as
defined in the methods section of this chapter.

Average water-quality characteristics over 7 days or the duration of net sets were mostly within
the range of conditions considered non-stressful to suckers (Loftus, 2001). The 7-day mean
concentration of DO ranged from 2.1 to 12.9 mg/L with a median of 8.5 mg/L. Conversely,
concentrations of DO averaged over the duration of a net set indicated much greater short-term swings,
and ranged from 0.4 to 14.1 mg/L. Dissolved oxygen averaged over 7 days or over the duration of a net
set decreased below the high-stress threshold (4 mg/L) for suckers at only 7 percent of sites but
decreased below the low-stress threshold for suckers (6 mg/L) at 20 percent and 23 percent of sites,
respectively. The 7-day mean levels of pH ranged from 4.7 to 10.3 and had a median of 9.5. The 7-day
mean levels of pH exceeded the low-stress threshold for suckers (9.00) at 79 percent of sites and the
high-stress threshold (9.75) at 20 percent of sites. The low-stress threshold for temperature (25 °C) was
never exceeded by the 7-day mean temperature calculations and was exceeded by the mean temperature
calculated for the duration of the net sets on only two occasions. Mean temperature calculated for the
net set duration ranged from 16.4 and 25.8 °C and had a median of 20.5 °C. Both measures of
temperature peaked between July 16 and August 2 (fig. 2).
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With the exception of two suckers less than 45 mm SL captured on June 12 and June 28, age-0
suckers began recruiting to our nets during the week of July 9 between 34 and 44 mm SL. Age-1
suckers were captured in our nets in all 14 weeks of sampling and ranged in size from 74 to 110 mm SL
the week of June 11, and 130 to 150 mm SL the last week of sampling (September 10). Age-0 sucker
catches peaked the week of August 5 (fig. 3), whereas age-1 sucker catches were relatively high until
the week of July 16, but rapidly declined each week for the rest of the sampling season (fig. 3). We
captured age-0 suckers in 49.4 percent of nets at 26.5 percent of sites and age-1 suckers in 37.2 percent
of nets at 27.4 percent of sites. The percentage of nets to catch at least one age-0 sucker was greatest
during the week of August 5 (fig. 3), and the percentage of nets to catch at least one age-1 sucker was
greatest during the week of July 2 (fig. 3).

Most of the 363 sacrificed age-0 suckers were identified as Lost River suckers (53.2 percent).
The second largest portion of sacrificed age-0 suckers was identified as shortnose suckers (42.1
percent). Only 0.6 percent of sacrificed age-0 suckers were identified as Klamath largescale suckers and
4.1 percent were unidentifiable with our methodology. In contrast, most of the 22 sacrificed age-1
suckers were identified as shortnose (72.7 percent). Lost River, Klamath largescale, and suckers that
were unidentifiable with our methodology each made up only 9.1 percent of all sacrificed age-1 suckers.
We measured a shift in the ratio of shortnose suckers to Lost River suckers in our sacrificed age-0
sucker samples through time. From the week of July 9 to September 3, this ratio increased from 1:3 to
2.67:1. In the final week of sampling (September 10), this ratio dipped only slightly to 2.38:1.

Deformed opercles and anchorworms Lernaea spp. were commonly observed on sacrificed age-
0 suckers but no deformities and very few anchorworms were found on sacrificed age-1 suckers. A total
of 27 percent of sacrificed age-0 Lost River suckers had at least one severely deformed opercle and 36
percent of these had both opercles deformed. In contrast, only 3 percent of sacrificed age-0 shortnose
suckers had at least one severely deformed opercle, and 20 percent of these had two deformed opercles.
Anchorworms were found on a high percentage of sacrificed age-0 Lost River suckers (45 percent) and
shortnose suckers (38 percent). Anchorworms, however, were not abundant when they were present.
The number of anchorworms per sucker ranged from one to nine, but 95 percent of sacrificed age-0
suckers with anchorworms had fewer than three.

An examination of CPUE by water depth revealed different patterns for age-0 and age-1 suckers,
but patterns generally were similar between Lost River and shortnose suckers of the same age group
(fig. 4). Mean catch rates of age-0 suckers combined over all species were greatest in nets set in 1 to 2 m
of water and lowest in nets set at depths of 4 m or greater. Catch rates were highest for age-0 suckers in
1 to 2 m of water for shortnose suckers and in 2 to 3 m of water for Lost River suckers. For age-1
suckers, mean CPUE gradually increased with depth to a peak in the 4 to 5 m category. Due to
insufficient numbers of sacrificed age-1 suckers that were identified to species, a species-specific
analysis of CPUE by depth was not possible.

Non-sucker fish species were caught at high rates and had wide spatial distributions. The number
of species caught at a site ranged from 0 to 10 with a mean of 6.2. Calculated CPUE for all non-sucker
species in each trap net ranged from 0 to 404 fish/hour, but was less than 24 fish/hour in 95 percent of
nets. Seasonal peaks in catch rates of non-sucker species were not as pronounced as they were for
juvenile suckers (fig. 5). Mean weekly CPUE for fathead minnow and tui chub were greatest during the
week of July 23, 2 weeks before age-0 sucker catch rates peaked (fig. 3). However, peak catch rates for
Upper Klamath marbled sculpin and blue chub occurred after the peak in age-0 sucker catches. Of all
non-sucker species caught, 98 percent were less than 200 mm SL and 75 percent were less than 100 mm
SL.
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Juvenile blue chub, juvenile tui chub, fathead minnow, and Klamath Lake sculpin Cottus
princeps were each captured in 75 percent or more of all nets set and at 91 percent or more of all sites
(fig. 5). Upper Klamath marbled sculpin, which were captured at 78 percent of sites (54 percent or nets),
and yellow perch, captured at 67 percent of sites (47 percent of nets) also were widely distributed.
Brown bullhead, pumpkinseed, lamprey Lampetra spp., and slender sculpin C. tennuis were captured
much less frequently and were only present in our nets at 16 to 34 percent of sites. The least common
species in our catches were largemouth bass Micropterus salmoides, Klamath speckled dace Rhinichthys
osculus klamathensis, and Klamath redband trout, which were captured at 1 percent or fewer sites.

Results of Occupancy Analysis

Age-0 Sucker Habitat Use

Our global model had 25 parameters and fit the age-0 dataset very well (¢ = 0.98; table 2).
Given that ¢ was less than 1, we did not adjust the variance in our age-0 models. All other candidate
models had lower AIC values and therefore were considered better than the full model when parsimony
was taken into account (table 2).

AIC model rankings indicate that age-0 sucker habitat use was most affected by water
temperature (table 2). The top two models contained a parameter for temperature in the habitat use logit
submodel and jointly carried 99.9 percent of the model weights. Fit statistics indicated that temperature
was at least 18 orders of magnitude better at explaining heterogeneity in habitat use than any other
parameter. Model averaged estimates of water temperature effects indicate that age-0 sucker habitat use
is maximized at 23.3 °C (fig. 6). We estimate the probability of an age-0 sucker occupying a habitat at
this temperature to be 0.66, but confidence intervals include 0 and 1. Therefore, this result should be
interpreted as insignificant.

A simple polynomial depth model (model 0-6; table 2) ranked poorly compared to temperature
models but was supported by an evidence ratio of 632:1 when compared to the null model. This simple
depth effect (model 0-6) was supported by an evidence ratio of 44:1 over a depth-by-month interaction
effect (model 0-12). Age-0 sucker habitat use was maximized at a depth of 2.4 m over the course of the
sampling season (fig. 7). The probability that a randomly selected site with this depth was occupied by
an age-0 sucker during the summer of 2007 was 0.31. Confidence intervals on this estimate, however,
spanned 0 and 1 over all depths and this result should be interpreted as insignificant.

The probability of occupancy for age-0 suckers varied by month but not by distance from shore.
The effect of a month on occupancy (model 0-13) is supported by an evidence ratio of 47:1 over a
model with only a distance from shore effect (model 0-22), and 98:1 over a model with a distance from
shore-by-month interaction (model 35; table 2). The estimated portion of used sites ranged from a low
of 0 in nearshore area in September, to a high of 73.1 percent (CI = 15—-100 percent) in offshore area in
July (fig. 8).
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Compared to temperature, concentrations of DO and pH poorly explained heterogeneity in
habitat use. When considered in conjunction with a homogeneous detection probability, the stress index
for pH (model 0-11) was supported with an evidence ratio of 40:1 over the no-effects model (model 0-
23). However, a model containing a 7-day average pH (model 0-29) fit the data less well than the no-
effects model. The 7-day average DO concentration (model 0-16) explained the variation in the age-0
sucker habitat use 4.3 times better than the no-effects model (model 0-23), and 1.7 times better than the
stress index for DO (model 0-18). Estimated odds ratios indicate that age-0 suckers were 2.6 (CI1 = 1.3
to 5.9) times more likely to use a site with a pH stress index of 1 (pH > 9.75) than of 0 (pH <9.00) and
1.9 (CI = 1.0-3.9) times more likely to use habitats that have a DO stress index of 1 (DO <4 mg/L) than
of 0 (DO > 6 mg/L).

The presence and relative abundance of non-sucker species was a fair predictor of age-0 sucker
presence at sites throughout Upper Klamath Lake. An association between predators and the presence of
age-0 suckers (model 0-3) was supported with an evidence ratio of 194,950:1 over the no-effects model
(model 0-23) and was 2.5 times better at explaining the variation in habitat use than species richness
(model 0-4). Odds ratios indicate that age-0 suckers were 3.7 (CI = 2.2 to 6.1) times more likely to be
present at a site where at least one potential predator was detected. Additionally age-0 suckers were 1.5
(CI=1.2 to 1.8) times more likely to be present for every additional non-sucker species detected at a
site.

An overall north-to-south migration of age-0 suckers between June and September was not
supported by our models. A month-by-area interaction effect was included in several of the habitat use
logit submodels to examine the possibility of directed movement among areas. All models that included
this effect ranked very low, indicating a directed movement was unlikely. For example, the no-effects
model (model 0-23) fit the data 37,974 times better than model 0-39, which incorporated a month-by-
area interaction in the habitat use submodel and no additional parameters in the detection submodel
(table 2). Additionally, fit statistics indicated that the top model in the age-0 data set was 28 orders of
magnitude better at explaining the data than model 0-39.

Age-0 Sucker Detection Probability

AIC model rankings indicate that detection probability was not strongly affected by water
temperature (table 2). The top ranked model contained a parameter for temperature in the detection logit
submodel, but was only 1.8 times better at explaining variation in the data than the second-ranked
model, which had no submodel parameters for detection. A temperature effect on detection probability
was only slightly supported by an evidence ratio of 1:1.5 between the no-effects model (model 0-23)
and model 0-21, which has a parameter for temperature in the detection logit submodel. Odds ratios
indicated that age-0 suckers were only 1.2 (CI = 1.0-1.4) times more likely to be detected given their
presence at a site for every 1°C decrease in temperature averaged over the duration of a net set.

Our results indicate that distance from shore had little to no effect on age-0 sucker detection
probability. A distance from shore effect on detection probability was supported by model 0-19, which
explained the variation in the data 1.9 times better than the no-effects model (0-23; table 2). Odds ratios
indicated that age-0 suckers were 1.5 (CI = 0.8-2.7) times more likely to be detected in offshore
environments than nearshore environments given their presence at a site. Given that the confidence
interval for this estimate overlaps 1, it should be interpreted as non-significant.
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Age-1 Sucker Habitat Use

The age-1 sucker data fit the most parameterized model well, but was slightly over dispersed
(¢ = 1.24). Therefore, we adjusted the variance in each age-1 sucker model by ¢. All other candidate
models had lower QAICc values and as a result were considered better than the full model when
parsimony and over dispersion were taken into account (table 3). There were 11 models in our
confidence set with normalized weights (w,) ranging from 0.026 to 0.157. The confidence set of models

indicated that the primary factors affecting age-1 habitat use were month, distance from shore, and
depth. Substrate also was represented in the confidence set of models, but ranked lower than other
models, indicating it may have a minor role in determining age-1 habitat use.

An interaction between month and distance from shore is not strongly supported given that the
most parsimonious age-1 sucker model had both month and distance from shore effects on habitat use,
and fit the data set 1.5 times better than a model including the interaction between these two parameters.
Nevertheless, there is a slight trend in odds ratios over time that suggest age-1 suckers used a higher
portion of nearshore than offshore areas in June and July, but more offshore than nearshore areas in
August and September (fig. 9). The estimated portion of nearshore lake environments used by age-1
suckers ranged from a high of 84.0 percent (CI = 8.7—100.0 percent) in June to a low of 15.0 percent
(CI'=0.0-100.0 percent) in September. The portion of offshore lake environments used by age-1
suckers ranged from a high of 70.5 percent (CI = 0.0-100.0 percent) in offshore environments in July to
a low of 35.1 percent (CI = 0.0-100.0 percent) in September (fig. 10).

Water depth was an important factor in explaining age-1 sucker habitat use, and depth
preferences for this age group did not change by month. Models containing a second-order polynomial
for depth in the habitat use logit submodel carried a total of 36.6 percent of all model weights compared
to models with a depth-by-month interaction, which carried 24.6 percent of model weights. In addition,
models in which month and water depth were considered additive effects out-performed models with
month-by-depth interaction terms when all other parameters were similar (table 3). The probability of
age-1 sucker occupancy was maximized (max = 0.59) at 4.5 m (fig. 11). However, confidence intervals
encompassed 0 and 1 at all depths, suggesting these results should be interpreted as preliminary trends
that need to be validated with future research.

Age-1 sucker habitat use was somewhat associated with the presence of larger substrates.
Models with a substrate parameter in the habitat use logit submodel carried a total of 9.6 percent of the
model weights. A model with only a substrate effect on occupancy (model 1-7) out performed the
no-effects model (1-27) with an evidence ratio of 91:1. Odds ratios indicated that age-1 suckers were 2.8
(CI=1.0-8.0) times more likely to use habitat with large substrate (gravel, cobble, boulder, and rock)
than small substrate (sand, mud, and clay) over the course of the sampling season. However, substrate
effects may be confounded with depth, given that most large substrate in Upper Klamath Lake is located
along the western shore, where the lake is the deepest.
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AIC model ranks indicate that water-quality parameters, as they were applied, were relatively
poor predictors of age-1 sucker habitat use when compared to other physical habitat parameters.
However, models with parameters for temperature and DO concentration fit the data better than the no-
effects model (1-27). For example, we calculated an evidence ratio of 1:33 for the top model (1-1)
compared to model 1-18, which used a second-order polynomial to describe temperature effects on
habitat use (table 3). However, the evidence ratio between model 1-18 and the no-effect model (1-27) is
8:1. Model 1-19, which used the DO stress index to explain habitat use, had an evidence ratio of 1:39
when compared to the most parsimonious model (1-1), but 4:1 when compared to the 7-day mean DO
(1-25; table 3). The odds ratio indicates that age-1 suckers are 3.5 (CI = 1.2-10.2) times more likely to
use environments with a DO stress index of 0 (DO > 6 mg/L) than with a DO stress index of 1
(DO <4 mg/L).

We did not detect directed movement of age-1 suckers between June and September among the
areas of the lake we examined in our analysis. A month-by-area interaction effect was included in
several of the habitat use logit submodels to examine the possibility of directed movement among areas.
All models that included this effect ranked very low, indicating a directed movement was unlikely. The
no-effects model (1-27) fit the data 28,809:1 times better than model 1-38, which incorporated a month-
by-area interaction in the habitat use submodel and no additional parameters in the detection submodel.

Age-1 Sucker Detection Probability

The probability of detecting an age-1 sucker in trap nets was related to distance from shore,
substrate, and cover. Models containing a distance from shore effect on detection probability all had
lower QAICc values (better ranks) than models with no distance from shore effect on detection when all
other parameters were the same. The same was true for substrate and cover effects on detection, but was
not always true for models with a depth effect on detection. Odds ratios indicated that age-1 suckers
were 3.0 (CI = 1.2-7.7) times more likely to be caught when present in a nearshore site than when
present in an offshore site, and 2.3 (CI = 1.1-4.7) times more likely to be detected at sites with large
substrate than small substrate.

Distribution of Suckers and Relation to Environmental Variables

Our approach to data analysis allowed us to separate true absences of suckers from false
absences caused by incomplete detection, which can be a substantial problem in fisheries (Bayley and
Peterson, 2001; Peterson and others, 2004). This method gave us greater confidence that our results
were unbiased and accurately represents habitat usage by age-0 and age-1 suckers. Additionally, we
were able to rank the importance of environmental variables and estimate the magnitude of influence
these variables had on habitat usage. By testing similar model sets for both age-0 and age-1 suckers, we
were able to compare and contrast habitat use between these two age classes of suckers.

Major violations of assumptions were unlikely to have occurred in our study. The assumptions
that no fish were falsely identified as suckers or assigned a false age classification were supported by
subsamples that were preserved and later identified to species. In subsamples, 100 percent of fish
identified as suckers in the field were verified as members of the Catostomidae family in the laboratory.
Additionally, ages were confirmed for 10 suckers suspected to be a 1-year old using otoliths
(M. Terwilliger, Oregon State University, unpub. data, 2007). Our use of passive sampling gear ensured
that detections were independent among sites sampled on the same day. Forty-two sampling locations
were visited twice and considered separate sites in our analysis. This could cause a violation of the
independent sample sites assumption, especially if juvenile suckers had a tendency to remain in one
location. However, estimated ¢ values of 0.98 for age-0 data and 1.24 for age-1 data suggest that the
site independence assumption was violated rarely, if at all.
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Our results indicate that age-0 suckers within Upper Klamath Lake primarily are habitat
generalists, whereas age-1 sucker habitat use varied slightly with water depth, distance from shore, and
type of substrate. Low model selection uncertainty in the age-0 sucker model set strengthens
conclusions about the broad range of environments used by this age class of suckers within Upper
Klamath Lake. However, results for age-1 suckers should be interpreted with caution due to high model
selection uncertainty for this age class. Some of the uncertainty in our results may be attributed to our
inability to identify all suckers to species with our chosen method, which prevented a species-specific
analysis.

Age-0 sucker habitat use increased from June to July and decreased from August to September
following the trend in catch rates (figs. 3 and 8). In comparison, age-1 suckers used less overall
available lake area (fig. 9) and were less abundant in our catches each month from June to September
(fig. 3). The increase in habitat use by age-0 suckers probably is an artifact of recruitment to our gear.
The decline in the portion of overall area used throughout the later one-half of the summer by age-0
suckers, and throughout the whole sampling season for age-1 suckers, may be the result of emigration
from the lake, mortality, or a tendency to cluster into fewer available lake environments as the lake level
declines. However, a directed emigration out of the lake for either age group was not supported by
models designed to test this hypothesis. For both age groups, decline in abundance due to mortality or
emigration rather than clustering in fewer available lake environments is supported by a general
decrease in our catch rates beginning in early August for age-0 suckers and early July for age-1 suckers.
These results are corroborated by Burdick and others (2008b), who determined that when more age-0
suckers are present, there is an increase in occupied areas of the lake instead of increased fish densities
in selected areas.

AIC rankings indicate that temperature was correlated with age-0 sucker habitat, but standard
errors for parameter estimates were large and confidence intervals encompassed 0 and 1 over the entire
range of temperatures measured. This lack of precision suggests that water temperature, while better
than other parameters, poorly explained heterogeneity in age-0 sucker habitat use. Water temperature
values used in our analysis were 7-day means estimated from remote stations, and may have been too
imprecise to model the relation with occupancy. Another possibility is that seasonal trends in abundance
of age-0 suckers may have been loosely correlated with water temperature, and may have affected the
portion of lake environments occupied. Some support for this prospect may be garnered from the
comparison of the seasonal peak in mean weekly age-0 sucker CPUE during the week of July 30 (fig. 3)
to the seasonal peak in mean weekly water temperatures 1 week later (fig. 4). A higher abundance of
age-0 suckers in our catches in July and August (fig. 3) also corresponds with higher occupancy
probabilities for this age class (fig. 8).

Age-0 suckers were slightly more likely to use offshore rather than nearshore environments in
June and September than in July or August. On the contrary, age-1 suckers were slightly more likely to
be found in nearshore than offshore environments in June and July, but in more offshore than nearshore
sites in August and September. The slightly higher probability for age-0 suckers to occupy offshore
environments in June may be due to earlier recruitment of Lost River suckers, which are thought to use
habitats farther from shore than shortnose suckers (D. Markle, Oregon State University, oral commun.,
2007). Another explanation is that age-0 suckers move offshore in mid-summer, following an
ontogenetic shift in diet (Markle and Clauson, 2006). However, by that rationale, offshore environments
would have been occupied at higher rates starting in July, not in September. For both age classes, the
slight tendency to move offshore later in the summer may be an artifact of this age class selecting
habitat based on another correlated variable, such as depth. Large standard errors for occupancy
probabilities (figs. 8 and 9), however, cause uncertainty about differential use of near and offshore
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environments. Furthermore, models in which sites were grouped into either nearshore or offshore
categories ranked low for age-0 suckers, causing additional uncertainty about the relation between
distance from shore and habitat use by this age class.

A lack of support for models with a month-by-depth interaction for both age groups indicates
that there was not a substantial change in the optimal depth used by either age class in 2007. This is in
contrast with Burdick and others (2008b), who showed age-0 suckers used shallow water environments
in mid to late July and late August to early September, but exhibited no depth preference during early to
mid August in 2004 and 2005. The difference in seasonal depth use presented in these two studies could
be due to inter-annual variation, differences in sampling protocol, or different analytical methods. It is
unlikely that the depth-by-month interaction went undetected in 2007 due to a lack of statistical power
because sample sizes were large in both studies (2007, n = 354; 2004—05, n = 427). Burdick and others
(2008b) used a linear model to examine depth rather than the polynomial model used in this study. In
this analysis, we examined an additive depth-and-month model and a depth-by-month interaction model,
which allowed us to make stronger inferences about how the combination of these variables affected
habitat use. The difference between models used in these two studies may partly explain the contrasting
results. We believe the analysis presented in this report is an improvement on the previous analysis
presented by Burdick and others (2008b).

This study provides some evidence that age-0 suckers were more likely to use shallow water
environments, whereas age-1 suckers were more likely to use deeper environments during summer
months (fig. 7). Large standard errors for occupancy probabilities cause uncertainty about optimal depth
ranges used by both age classes. However, high catch rates of age-0 suckers in nets set in water 1 to 2 m
deep and of age-1 suckers in nets set at depths of 4 to 5 m corroborate the findings of the occupancy
analysis (fig. 4). Furthermore, depth models ranked low for age-0 suckers, causing additional
uncertainty about the relation between depth and occupancy for this age class. Nevertheless, our results
are consistent with those of other studies that reported age-0 suckers using shallower environments
within sampling ranges (Buettner and Scoppettone, 1990; Burdick and others, 2008b). The range of
depths sampled in our present study was wider than in previous studies and indicated that occupancy
was maximized at 2.4 m deep for age-0 suckers, whereas Buettner and Scoppettone (1990) reported age-
0 suckers primarily were found in water less than 0.5 m deep.

The optimal summer depth indicated by our models for age-1 suckers (4.4 m) was consistent
with measured summer depth selection by adult Lost River and shortnose suckers, which primarily use
areas greater than 3 m deep (Banish and others, 2009). Age-1 suckers used slightly deeper environments
between June and September than in April and May (Chapter 1). Possible explanations for this seasonal
shift in depth selection include increased food availability in deeper water in summer than in spring,
interactions with other species, or changes in water chemistry or temperature. However, none of these
explanations have been investigated and little evidence exists to support them.

The availability of habitats in depth ranges most used by juvenile suckers depends on the lake
surface elevation, which changes in response to annual precipitation, irrigation diversions, and
downstream releases over the Link River Dam. The Bureau of Reclamation Klamath Project regulates
irrigation allocations and downstream releases to maintain a lake-surface elevation within the target
range of 4,137.5 ft (1,261.1 m), and 4,142.2 ft (1,262.5 m). The availability of habitats with at least a
30-percent chance of being occupied by age-1 suckers between June and September based on depth (2.4
to 6.5 m) declines rapidly with lake-surface elevation (fig. 10). On the contrary, age-0 suckers use
shallow environments that are widely available at all lake elevations under present and proposed
management plans.
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Our analysis indicates that age-1 suckers were slightly more likely to be found in the presence of
larger substrates, but did not imply an effect of substrate size on age-0 sucker habitat use. These results
do not necessarily contradict the suggestion by Burdick and others (2008b)or Buettner and Scoppettone
(1990) that age-0 suckers are associated with small substrates such as sand and mud. As is true in the
present study for age-0 suckers, the trends reported in these previous two studies did not carry the
support of statistical significance or another quantitative metric. Therefore, a failure to detect an effect
of substrate size on age-0 sucker habitat use in our analysis given a similar underlying truth is possible.
Most of substrate in the large size class is composed of boulders (Eilers and Eilers, 2007), and the
association of age-1 suckers with large substrate may be due to the cover provided in the interstitial
spaces. Another possibility is that the effects of water depth are confounded with substrate size given
that most large substrates are located along the western shore in or near deeper water.

We were unable to detect effects of pH levels or concentrations of DO on site occupancy, likely
because data were insufficient or the range of parameters was too small to produce an effect. Water-
quality conditions at our sample sites generally were within the acceptable range for juvenile suckers,
and extremes were rare. Relatively narrow ranges in pH levels and concentrations of DO may have
limited our ability to detect significant effects of these parameters on age-0 and age-1 sucker habitat use.
Our spatial and temporal resolution also may have been too coarse to detect changes in habitat use in
response to local changes in water quality. Burdick and others (2008b) similarly reported a lack of
response in occupancy rates to water-quality conditions by age-0 suckers in 2004 and 2005. However,
others have reported lower catch rates of juvenile suckers when concentrations of DO were low
(Buettner and Scoppettone, 1990; Terwilliger and others, 2004). The difference between occupancy
studies and other studies that looked at catch rates may suggest that low concentrations of DO reduce
the number of fish in an area, but do not exclude them completely.

The presence of age-0 suckers was correlated with high species richness and the presence of
potential predators, whereas age-1 sucker presence was not correlated with species richness. This
pattern was unexpected and the underling mechanism is unclear. The most probable cause is age-0
suckers use environments similar to those used by many other species of fish in the lake. However, a
more in-depth study on inter-species interactions may reveal a more direct mechanism and should be
considered in future studies.

The underlying mechanisms causing heterogeneous detection associated with particular
parameters were somewhat unclear. For example, age-0 suckers were more likely to be detected in
cooler water or offshore, and age-1 suckers were more likely to be detected nearshore or in
environments with larger substrates. These results may indicate more movement or higher densities of
suckers under these conditions. Regardless of the cause, modeling heterogeneity in detection allowed us
to generate unbiased estimates of occupancy.
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Summary

Age-0 suckers in Upper Klamath Lake are primarily habitat generalists, whereas age-1 suckers
are found less frequently and use environments with characteristics similar to environments used by
adult suckers. Age-0 sucker presence is best predicted by water temperatures common during July and
August and by water depths found commonly throughout Upper Klamath Lake (2—3 m). This result is
corroborated by previous occupancy models on age-0 suckers that reported only slight trends in age-0
sucker habitat use with respect to environmental variables . Age-1 suckers have a slight tendency to
select in-lake environments with water depths of 4-5 m, with large substrate such as boulder, and may
be moving between nearshore and offshore areas throughout the summer. All these observed patterns
are inconclusive, however, given that they are drawn from weak trends in data collected in a single year.
All analyses were conducted on suckers as a whole. Some of the uncertainty in our results may be due to
differential habitat use among sucker species. Therefore, future research should focus on differentiating
habitat use by sucker species and clarifying the trends in age-1 sucker habitat use.
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Table 1. List of variables used in habitat use and detection probability logit submodels.

[Biological inferences of each variable to either habitat use or detection probability are given. Abbreviations given are used
in AIC tables (tables 3 and 4) for simplification]

Predictor variable

Abbreviation

Biological inference to habitat use (occupancy)

Biological inference to detection
probability

Presence of predators

Species richness

Substrate (in two classes small and
large)

Depth

Area

Soak Time

Distance from shore

Temperature averaged over the 6 days
prior to sampling and the day of
sampling.

Temperature averaged over the duration

of the net set

pH averaged over the 6 days prior to
sampling and the day of sampling.

pH averaged over the 6 days prior to
sampling and the day of sampling and
scaled to a value between 0 and 1 based

on Loftus and others (2001) stress index

Dissolved oxygen concentration
averaged over the 6 days prior to
sampling and the day of sampling.

Dissolved oxygen concentration
averaged over the 6 days prior to
sampling and the day of sampling and
scaled to a value between 0 and 1 based
on Loftus and others (2001) stress index

Month

Month by area interaction

Month by depth interaction

Month by distance from shore

PREDPRES

SRTOTAL

SUBSTRATE

DEPTH

AREA

SOAKTIME

NEAR-OFF

TDAYMEANT

NETSETTEMP

7DAYMEANPH

PHSI

TDAYMEANDO

DOSI

MONTH

MONTH*AREA

MONTH*DEPTH

MONTH*NEAR-
OFF

The portion of used habitat use varies with the
presence or absence of predators (yellow perch,
pumpkinseed, brown bullhead, or rainbow trout

over 100 mm SL). Only modeled for age-0
suckers.
The portion of habitat used varies with the total
number of non-sucker species present.

The portion of habitat used varies by substrate
(in two classes small and large)

The portion of habitat used varies with depth. A
polynomial was used so that habitat use may be
maximized at some intermediate depth.

The portion of habitat used varies by area (north,
central, or south)

The portion of habitat used is different in
nearshore areas than offshore areas.

The portion of habitat used varies with mean
temperature calculated for the week proceeding
sampling

The portion of habitat used varies with mean pH
calculated for the week proceeding sampling

The portion of habitat used varies by the amount
of stress induced by pH

The portion of habitat used varies with mean
dissolved oxygen calculated for the week
proceeding sampling

The portion of habitat used varies by the amount
of stress induced by low DO

The portion of used habitats varies by month
from June to September

The portion of habitat used varies by a month by
area interaction. This may occur if there was a
directed migration from one area to another
between June and September

The portion of habitat used at different depths
varies among months

The portion of habitat used in near or offshore
strata varies among months

Density of suckers varies by
substrate size, and therefore affects
detection probability

Detection probability is influenced
by depth.

Detection probability is influenced
by the number of hours a net is
fished
Swimming behavior or density are
different in nearshore areas than
offshore areas and cause differential
detection between the two

Mean daily temperature affects the
behavior of juvenile suckers and
therefore influences detection
probability
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Table 2. Occupancy models fit to age-0 sucker presence-absence data.

[The letter p proceeds detection probability parameters and y proceeds habitat use parameters used in logit submodels. A dot
(.) indicates no submodel parameters were used. The null model (0-23) has no submodel parameters for either detection or

habitat use. The goodness of fit was tested for the global model (0-40), which has the most parameters. The biological

inferences made from each model parameter are given in table 1. Akaike Information Criteria with a small sample size
adjustment (AICc) and AICc weights are given. AICc weights indicate the probability that a model is the best one in the set
of models. Confidence models highlighted with bold text indicate the most important parameters for estimating habitat use

and detection probability]

Model
Model AICc Weights Number AlCc Num. Par
P(NETSETTEMP) |/ (7TDAYMEANT+7DAYMEANT?) 0.647 0-1 665.44 5
p()l (TDAYMEANT+7DAYMEANT?) 0.353 0-2 666.66 4
p(.)y (PREDPRES) 9.590E-18 0-3 742.95 3
p(.)yY (SRTOTAL) 5.329E-18 0-4 744.12 3
p()¥ ((DEPTH+DEPTH?)+MONTH) 3.167E-20 0-5 754.37 8
p() ¥ (DEPTH+ DEPTH?) 1.878E-20 0-6 755.42 4
P(DEPTH) I/ ((DEPTH+DEPTH?)+MONTH) 1. 148E-20 0-7 756.40 9
P(DEPTH) i/ (DEPTH+DEPTH?) 6.964E-21 0-8 757.40 5
P(MONTH) ¥/ ((DEPTH+DEPTH?)+MONTH) 1 403E-21 0-9 760.61 1
P(MONTH) i/ ((DEPTH+DEPTH?)+MONTH + (DEPTH+DEPTH?)*MONTH) 1.342E-21 0-10 760.70 15
p(.)y (PHSI) 1.198E-21 0-11 760.92 3
p(.)l/ ((DEPTH+DEPTH?+MONTH + (DEPTH+DEPTH?)*MONTH) 4.231E-22 0-12 763.00 16
p()¥ (MONTH) 2.220E-22 0-13 764.29 5
P(DEPTH) I/ ((DEPTH+DEPTH?)+MONTH + (DEPTH+DEPTH?)*MONTH) 1 463E-22 0-14 765.13 17
p(.)y (MONTH + NEAR-OFF) 1.328E-22 0-15 765.32 7
p() Y (TDAYMEANDO) 1.282E-22 0-16 765.39 3
P(NEAR-OFF) I/ (MONTH + NEAR-OFF) 1.249E-22 017 765.45 8
p(.) (DOSI) 7.442E-23 0-18 766.48 3
P(NEAR-OFF) ¥/ (.) 5.743E-23 0-19 767.00 3
P(NEAR-OFF) i (NEAR-OFF) 4.799E-23 0-20 767.36 4
P(NETSETTEMP) ¥/ (.) 4.690E-23 0-21 767.40 3
p(.) ' (NEAR-OFF) 4.681E-23 0-22 767.41 3
pOW () 2.970E-23 0-23 768.32 2
p(DEPTH) ¥ (.) 2.604E-23 0-24 768.58 3
p()¥ (MONTH + AREA) 2.105E-23 0-25 769.01 8
P(SUBSTRATE) ¥/ (.) 1.916E-23 0-26 769.19 3
p(.) Y (SUBSTRATE) 1.236E-23 0-27 770.07 3
P(SOAKTIME) ¥ (.) 1.230E-23 0-28 770.08 3
p() Y (TDAYMEANPH) 1.092E-23 0-29 770.32 3
P(MONTH) i (MONTH) 1.036E-23 0-30 770.42 8
p()¥ (AREA) 7.455E-24 0-31 771.08 4
P(SUBSTRATE) I/ (SUBSTRATE) 7.102E-24 0-32 771.18 4
P(MONTH) i (MONTH +NEAR-OFF) 5.972E-24 0-33 771.53 10
P(MONTH) ¥ (.) 2.979E-24 0-34 772.92 5
p(.) W/ (NEAR-OFF + MONTH + MONTH*NEAR-OFF) 2 255E-24 0-35 773.47 15
P(NEAR-OFF) i/ (NEAR-OFF + MONTH + MONTH*NEAR-OFF) 2 126E-24 0-36 773.59 16
P(MONTH) i (MONTH +AREA ) } 1.085E-25 0-37 779.54 13
P(MONTH) ¥/ (NEAR-OFF + MONTH + MONTH*NEAR-OFF) 8.705E-26 0-38 779.98 18
p() ¥ (MONTH + AREA + MONTH*AREA) 7.821E-28 0-39 789.41 20
P(MONTH) ¥/ (MONTH+AREA+MONTH*AREA) 2 712E-30 0-40 800.74 o5
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Table 3. Occupancy models fit to age-1 sucker presence-absence data. The letter p proceeds detection probability
parameters and g proceeds habitat use parameters used in logit submodels.

[A dot (.) indicates no submodel parameters were used. The null model (1-27) has not submodel parameters for either
detection or habitat use. The goodness of fit was tested for the global model (1-39), which has the most parameters. The
biological inferences made from each model parameter are given in table 1. Variance inflated Akaike Information Criteria
with a small sample size adjustment (QAICc) and QAICc weights are given. QAICc weights are the probability that a model
is the best one in the set of models. Confidence models highlighted with bold text contain the most important parameters for
estimating habitat use and detection probability]

QAICc Model Number of

Model Weights Number QAICc Parameters
P(NEAR-OFF) 1/ (MONTH + NEAR-OFF) 0.157 141 614.4743 8
p(DEPTH) |/ (DEPTH+DEPTH?+MONTH) 0.131 12 614.8284 8
p(DEPTH) |/ (DEPTH+DEPTH?+MONTH + (DEPTH+DEPTH?MONTH) 0111 1-3 615.1616 17
p() Y (DEPTH+DEPTH’+MONTH) 0.093 1-4 615.5151 8
P(SUBSTRATE) i/ (.) 0.074 1-5 615.9804 3
P(SUBSTRATE) |/ (SUBSTRATE) 0.070 1-6 616.0905 4
p() i (SUBSTRATE) 0.056 1-7 616.5237 3
p(.) Y/ (DEPTH+DEPTH"2) 0.054 1-8 616.6005 4
p(DEPTH) |/ (DEPTH+DEPTH"2) 0.034 1-9 617.5243 5
p(.) i/ (DEPTH+DEPTH*+MONTH + (DEPTH+DEPTH?)MONTH) 0.032 1-10 617.6434 16
P(NEAR-OFF) i/ (.) 0.026 1-11 618.0929

p(.) (MONTH + NEAR-OFF) 0.015 1-12 619.1393
P(MONTH) I/ (DEPTH+DEPTH’+MONTH) 0.015 1413 619.1412 1
p()Y (MONTH) 0.014 1-14 619.3447 5
P(NEAR-OFF) I (NEAR-OFF) 0.009 1-15 620.1343 4
P(MONTH) i/ (DEPTH+DEPTH*+MONTH + (DEPTH+DEPTH?)+MONTH) 0.008 1-16 620.3051 19
P(MONTH) ¥ (.) 0.005 1-17 621.3421 5
p()W (TDAYMEANT+7DAYMEANT?) 0.005 1-18 621.4804 4
p() (7TDAYDOSI) 0.004 1-19 622.0664 3
p() ¥ (NEAR-OFF) 0.003 1-20 622.1902 3
P(SOAKTIME) ¥ (.) 0.003 1-21 622.7265 3
p(.) Y (MONTH+AREA) 0.002 1-22 622.9218 8
P(MONTH) I (MONTH +NEAR-OFF) 0.002 1-23 623.1704 10
P(NETSETTEMP) ¥ (7TDAYMEANT+7DAYMEANT?) 0.002 1-24 623.2043 5
p()¥ (TDAYMEANDO) 0.001 1-25 623.8044 3
P(MONTH) ¥ (MONTH) 0.001 1-26 624.041 8
POy () 6.145E-04 1-27 625.5542 2
p(.) Y (AREA) 4.491E-04 1-28 626.1814 4
p(.) Y (TDAYMEANPH) 4.344E-04 1-29 626.2479 3
p(DEPTH) ¥ () 3.226E-04 1-30 626.8434 3
P(NETSETTEMP) ¥/ (.) 2.747E-04 1-31 627.1646 3
p() Y (SRTOTAL) 2.642E-04 1-32 627.2429 3
p()Y (7TDAYPHSI) 2.477E-04 1-33 627.3714 3
P(NEAR-OFF) I/ (MONTH + NEAR-OFF+ MONTH*NEAR-OFF) 1.510E-04 1-34 628.3615 16
p(.) (MONTH + NEAR-OFF+ MONTH*NEAR-OFF) 5.878E-05 1-35 630.2482 15
P(MONTH) 1 (MONTH + AREA) 3.222E-05 1-36 631.4507 13
P(MONTH) I (MONTH + NEAR-OFF+ MONTH*NEAR-OFF) 4.632E-06 1-37 635.3299 18
p(.)Y¥ (MONTH + AREA + MONTH*AREA) 2.133E-08 1-38 646.0908 20
P(MONTH) I/ (MONTH + AREA + MONTH*AREA) 1.524E-10 1-39 655.9745 o5
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Figure 1. Map of areas in Upper Klamath Lake sampled for juvenile suckers in 2007. Sampling was stratified to
include nearshore (< 100 m) and offshore (> 100 m) strata in three areas of the lake. We defined the three areas
as: north and west of Eagle Point and the mouth of the Williamson River (North), south and east of Eagle Point and
the mouth of the Williamson River and north of Squaw Point and Hagelstein Park (Central), and south of Hagelstein
Park and Squaw Point including Howard Bay (South). An equal number of randomly selected sites were sampled in
each stratum.
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Figure 2. Mean of water temperature means used in models by week. Solid circles represent the 7-day mean
temperatures calculated for the six days proceeding sampling and the day of sampling. The open circles represent
the mean temperature calculated for the duration of a net set. Standard errors bars are given.
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Figure 3. Mean catch per unit effort (CPUE; suckers/hour) £ SE by age and week for juvenile Lost River and
shortnose suckers captured in Upper Klamath Lake, Oregon, from early June to mid-September 2007. The number
of samples collected each week (n) and the percentage of nets to catch at least one sucker also are given. The
scale of the y-axis is different in the two graphs.

40



0.08

0.08

0.04

0.00

0.04

Mean CPUE (suckers/hour)

0.02 1

0.02 1

0.01 A

0.00

Figure 4. Mean catch per unit effort (CPUE; sucker/hour) + SE for age-0 and age-1 suckers by water depth (m), in
Upper Klamath Lake, Oregon, caught from early June to mid-September 2007. CPUE for both species combined
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Figure 6. Probability that a site was used by an age-0 sucker given water temperature (°C) calculated for the

6 days proceeding sampling and the day of sampling. In-lake environments with a mean temperature of 23.3 °C
had the highest probability of occupancy (0.66). Confidence intervals encompassed both 0 and 1 at all
temperatures, suggesting this result should be interpreted as insignificant.
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Figure 7. Probability of site occupancy by age-0 and age-1 suckers by (A) water depth, (B) proportion of total sites
at each depth sampled nearshore, and (C) offshore. Because sample sites were chosen using stratified random
design, sampled depths represent available depths in both nearshore and offshore environments. There was no
statistical difference in median depths sampled in nearshore and offshore sites (Mann-Whitney U test p = 0.03).
Habitat use was maximized at 2.4 m deep for age-0 suckers and 4.4 m deep for age-1 suckers. Confidence bands
for selection curves encompassed both 0 and 1 at the entire range of depths sampled.
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100 m from shore.
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Figure 10. Probability of age-1 sucker site occupancy based on depth throughout Upper Klamath Lake, Oregon, in
2007 at six lake levels: near full pool 4,143 ft (1,262.8 m); 4,141 ft (1,262.2); 4,140 ft (1,262.0); 4,139 ft (1,261.6 m);
4,138 ft (1,261.3), and the new proposed minimum lake level of 4,137 ft (1,260.9 m).
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Chapter 3.—Tag Loss and the Effects of Passive Integrated Transponder (PIT)
Tagging on Mortality of Age-1 Lost River Suckers

By Summer M. Burdick, U.S. Geological Survey

Introduction

Despite extensive research on Lost River sucker Deltistes luxatus and shortnose sucker
Chasmistes brevirostris in Upper Klamath Lake, Oregon, relatively little information exists on juvenile
survival, movement, growth rates, and age to maturity. Because of rapidly declining catch rates over
time, juvenile Lost River and shortnose sucker survival rates are thought to be extremely low
(VanderKooi and Buelow, 2003; Hendrixson and others, 2007; VanderKooi and others, 2007; Simon
and Markle, 2008). Traditional methods (for example, catch curves and cohort analysis) of estimating
survival, however, depend on the critical yet difficult to meet assumptions of constant catchability
among age classes and gear types. Migration of age-0 suckers from north to south along the eastern
shore of Upper Klamath Lake has been inferred by comparing temporal and spatial trends in catch rates
along the eastern shore of Upper Klamath Lake (Gutermuth and others, 2000; Simon and Markle, 2006;
Hendrixson and others, 2007; VanderKooi and others, 2007). Age to maturity and growth rates of Lost
River and shortnose suckers were estimated from otoliths and opercula (Buettner and Scoppettone,
1990; B.J. Adams, U.S. Geological Survey, written commun., 2006). Ages, however, have not been
validated for either species. Given that annuli in calcified structures form at different rates depending on
species, validation of aging techniques for each species is critical (Beamish and McFarlane, 1983).

Tagging studies offer a quantitative way to estimate survival rates, migration rates and patterns,
age to maturity, and growth rates. For example, survival can be estimated while accounting for
differences in detection probabilities among age classes and gear types using mark-recapture techniques.
Marking fish can refine our understanding of migration patterns and allow direct estimates of movement
rates. Mark-recapture techniques also allow growth rates and age to maturity to be measured directly.

For a tag to be useful in mark-recapture studies, it should not alter survival and should have a
high retention rate (Pine and others, 2003). This is because mark-recapture (for example, Cormack-
Jolly-Seber) and tag recovery (for example, Brownie models) techniques rely on the assumptions that
the population of tagged individuals has a similar mortality rate as the population as a whole and that
tags are not lost or overlooked (Williams and others, 2002). Tagging induced mortality and tag loss can
cause a negative bias in survival estimates if unaccounted for (Brownie and others, 1985; Pine and
others, 2003), thus making accurate estimates of these rates difficult.

Few tagging methods exist that allow small fish to be uniquely marked, which is a requirement
of all but the most rudimentary mark-recapture models (Pine and others, 2003). Small fish tend to have
higher rates of tagging induced mortality and lower rates of recapture than larger fish, thus creating
unique challenges for biologists. One option that meets tagging requirements is the passive integrated
transponder (PIT) tag. These tags have unique identification numbers, high retention rates, infinite life,
and are relatively inexpensive. In addition, PIT tags can be read remotely, increasing the number of
recapture tag encounters while reducing handling stress (Zydlewski and others, 2006).
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Passive integrated transponder tag loss rates (Gries and Letcher, 2002) and the effects of PIT
tagging on survival (Prentice and others, 1990; Ombredane and others, 1998; Gries and Letcher, 2002;
Bateman and Gresswell, 2006) and growth (Prentice and others, 1990; Ombredane and others, 1998;
Bateman and Gresswell, 2006) have been extensively studied for juvenile salmonids Oncorhynchus spp.
Tag induced mortality and tag retention rates, however, likely vary among species. Similar published
estimates of survival and tag loss for catostomids are limited to a single study of bluehead chub
Catostomus discobolus (164 to 278 mm total length; Ward and David, 2006), despite the fact that
catostomids of similar or smaller or size are routinely given PIT tags in studies designed to examine
movement or survival (Douglas and Marsh, 1998; Ward and David, 2006). Ward and others (2008)
determined gut fullness to be a significant factor in post PIT-tagging survival for two species of
endangered Gila. In this chapter, we describe the results of our investigation of tag-loss rates and effects
of surgical implantation of the survival of juvenile suckers. These results should help to determine the
usefulness of PIT tags for future studies of juvenile Lost River and shortnose suckers.

Methods

We used a two-phased approach to examine short-term PIT tag loss and the effects of PIT
tagging on juvenile sucker survival. We began by implanting tags in first generation hatchery-reared
Lost River suckers, which were kept in a controlled environment during experimentation. We then
tagged wild age-1 Lost River and shortnose suckers caught and held in Upper Klamath Lake. This
approach allowed us to assess the effects of PIT tagging on survival in two different environments.

Laboratory Methods

Study fish were offspring of three adult Lost River suckers of each sex collected from springs
along the eastern shore of Upper Klamath Lake on April 18, 2006. To fertilize eggs, an equal volume of
milt from each male and eggs from each female were collected and pooled for a ratio of about 1 mL of
milt for every 1,000 eggs (R. Stone, U.S. Fish and Wildlife Service, written commun., 2008). Adult
suckers were released at the same location where they were captured immediately after artificially
spawning. Fertilized eggs were transferred to the California-Nevada Fish Health Center in Anderson,
California, where they were incubated in monolayers suspended on top of fine netting within multiple
40 L aquaria supplied with 0.2 L/min flow of aerated 12°C water (R. Stone, U.S. Fish and Wildlife
Service, written commun., 2008). Larval suckers were feed Nannochloropsis algae and rotifers and were
reared for 161 days before the tagging experiment began (S. Foott, U.S. Fish and Wildlife Service,
written commun., 2008).

We examined the effects of PIT tagging on survival of age-0 suckers following a method
described by Bateman and Gresswell (2006), using a completely randomized design and three treatment
groups. We randomly assigned one of three treatments to nine tanks, such that there were three tanks for
each treatment (tagged, positive control, and control). Juvenile suckers (153) were randomly selected as
experiment subjects and divided evenly between tanks (17 suckers/tank). All study fish, regardless of
treatment, were transferred to a 0.02 mg/L solution of tricaine methanesulfonate (MS-222) in batches of
three. Fish remained in MS-222 solution until they were anesthetized, indicated by cessation of
movement. Fish were weighed to the nearest 0.1 g and standard length (SL) was measured to the nearest
mm.

An experienced tagger injected one full duplex, 12.45 x 2.02 mm, 0.106 g, 134.2 kHz,
cylindrical passive integrated transponder (PIT) tag into the body cavities of each sucker in the tagged
group lateral to the midline of the ventral surface posterior to the pectoral fins using a 3.18 cm
hypodermic needle. An empty needle of the same dimensions was similarly inserted into the body cavity
of fish in the positive control group. Between each injection the needle was sanitized with Nolvasan.
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Wounds were not closed with sutures on either positive control or tagged fish. Suckers assigned to the
control group were held for 3 to 5 seconds after weighing to simulate handling stress experienced by
tagged and positive control fish. All fish were allowed to recover in a bucket of fresh water prior to
being transferred to 38 L holding tanks.

Regardless of treatment group, suckers were cared for and handled identically throughout the
study. Dissolved oxygen (DO) concentration, pH, and ammonia, were monitored each week day with a
Hach Portable LDO HQ20 meter. A hand delivered subsistence ration of 0.046 g of Otohime Weaning
feed per fish was administered to each tank during each week day. Tanks were monitored daily for
mortalities and all dead fish were removed and examined to determine cause of death. At about 10-day
intervals, fish were removed from tanks in batches of five individuals and anesthetized in a solution of
0.02 mg of MS-222 per liter of water. These fish were weighed to the nearest 0.1 g and standard length
was measured to the nearest millimeter. Tagged fish were checked for tag retention and tag number was
recorded. The weight of the PIT tag was subtracted from weight measurements of tagged fish.

We measured the cross-sectional area and volume of 10 randomly selected suckers from each
control tank so that we could estimate the relative size of fish compared to the PIT tags. A thin piece of
string was wrapped around each fish at the anterior edge of the dorsal fin three times, which was the
widest part of the fish. The length of string was measured and divided by three to calculate

circumference (C). The cross-sectional area of each fish was approximated using the equation
2
Area = —
4

Volume was measured to the nearest mL by displacing water in a cylindrical measuring flask.

Field Methods

Healthy suckers about 70 mm SL or longer collected during spring sampling (Chapter 1) were
injected with PIT tags identical to those used in the laboratory experiment. Suckers that were not
emaciated, had no external macroparasites, were free of deformities, and had no lesions or other wounds
were considered healthy. Prior to tagging, suckers were anesthetized in a 0.02 to 0.03 mg/L solution of
MS-222, which was prepared with lake water. All suckers were allowed to remain in the solution until
they did not respond to stimulus (probing with net or stick). The duration of the anesthetic bath, total
handling time, and standard length were recorded for each fish. A different tagger than the one
participating in the laboratory experiment injected the tags into sucker body cavities using the same
protocol as in the laboratory. The tagger in the field experiment was trained but lacked substantial
experience with the tag injection method. Between each injection, needles were sterilized with
Nolvasan. Wounds were not closed with sutures and no antibiotics were administered.

Tagged suckers were allowed to recover in a bucket of lake water prior to being transferred to
0.21-m’ net pens. No more than 11 suckers were held in a single net pen and one time. Net pens were
suspended overnight about 0.5 m off the substrate at the locations where fish were originally captured.
Upon retrieval of the pens the number of sucker mortalities and tags lost were recorded, before live
suckers were released at their location of capture. Dead suckers were necropsied in the lab to determine
if the tag had caused mortality.
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Analysis of Data

We calculated the percentage of tag retention for laboratory and field tagged fish separately as
100 multiplied by the number of fish that retained PIT tags divided by the total number of tagged fish
surviving to the end of each experiment. Mortality was similarly calculated as 100 times the number of
fish that died divided by the total number of fish in each experiment. To examine the effects of total
handling time, standard length, and temperature on survival, we summarized data for survivors and non-
survivors in each experiment.

Results of Tagging Experiments

Laboratory Experiment

For the laboratory experiment, a total of 51 Lost River suckers were included in each of three
groups. At the beginning of the study, Lost River suckers in our laboratory experiment ranged from 61
to 85 mm SL and weighed between 2.9 and 7.5 g. Tag weight (0.106 g) was only 2.30 percent of mean
sucker weight. Cross-sectional area of tags was 2.71 percent of the average cross-sectional area of
suckers used in our laboratory experiment. Tag volume was only 0.86 percent of average Lost River
sucker volume measured on the last day of the laboratory experiment. With these small-tag-to-body size
ratios we did not observe any loss of equilibrium in tagged fish.

Overall tag loss and tagging mortality in the laboratory experiment was low. Only one fish
expelled its tag, for a total tag loss rate of 2.13 percent. This tag was lost on the last day (day 34) of the
experiment. Mortality of control and positive control fish was 0.0 percent when one fish that jumped out
of the tank was excluded from analysis. A total of five tagged suckers from two of three treatment tanks
died during the experiment, which was equivalent to a mean tagging mortality rate among treatment
tanks of 9.8 percent & 2.0 (mean + SE). Of the tagged suckers that died during the experiment, four (80
percent) perished within the first two days, and one died during handling on day 21. Tagged fish that
died during the laboratory experiment were shorter (66.6 = 1.7 mm SL) and lighter (3.9 + 0.3 g) than
tagged survivors (71.9 + 0.7 mm SL; 5.2 + 0.1 g) on average (mean £SE). However, there was some
overlap in the range of lengths and weights between suckers that died (62 to 71 mm SL; 3.0 to 4.7 g)
and those that survived (62 to 84 mm SL; 3.5 to 7.5 g). The percentage of suckers that died during
tagging was twice as high for fish less than 70 mm SL (14 percent) than those 70 mm SL or larger (7
percent).

External surgery wounds healed quickly but post-experiment necropsies revealed light to heavy
internal bruising on about 40 percent of surviving tagged suckers. Most surgery wounds healed by day
21, and all but one were completely healed by the end of the experiment. Absence of bruising or light
bruising appeared to be associated with tags placed closest to the ventral surface. In all four tagged
suckers that died shortly after surgery, tags damaged the heart, whereas in survivors tags were several
mm posterior to the heart. In the tagged fish that died on day 21 during handling, the tag was in a more
posterior position, did not rupture the heart, and no bruising was observed.

Field Experiment

The juvenile suckers used in the field experiment were captured in 13 separate nets on
6 different days between April 23 and May 29 (see Chapter 1). A total of 40 juvenile suckers ranging
from 75 to 147 mm SL and averaging 97.2 + 2.1 mm SL (mean + SE) were tagged. Overall tagging
mortality was higher in the field (17.5 percent) than in the laboratory (9.8 percent) and was directly
related to tag placement. Necropsies showed that tag placement in all suckers that died in the field
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experiment penetrated or displaced the heart. Therefore, despite the fact that all seven mortalities of
field tagged suckers occurred on 2 days toward the end of the experiment (May 14 and May 29), when
mean (+ SE) water temperatures (°C) generally were warmer throughout the lake (May 16, 16.9 + 0.2
and May 29, 15.5 + 0.2) than they were at the beginning of the experiment (April 25, 10.5 + 0.1;
Klamath Tribes, unpub. data, 2007), warm temperatures did not appear to be the cause of death.
Handling time, measured from when nets were pulled to when fish were released into net pens, ranged
from 10 to 82 minutes, and also did not appear to affect survival. Mean handling time was similar
between suckers that died (35 + 4 minutes) and ones that survived (39 = 10 minutes). Mean length also
was similar between survivors (95.5 £ 4.5 mm SL) and non-survivors (97.5 £2.4 mm SL), and within
the field experiment did not appear to be related to survival. Only two suckers, both tagged in Howard
Bay on May 29, expelled their tags during overnight retention in net pens, making the overall tag loss
rate 5.0 percent.

Tag Loss and the Effects of Tagging on Mortality of Age-1 Lost River Suckers

The 2.1 percent PIT tag loss rate that we measured in the laboratory and the 5.0 percent loss rate
measured in the field were similar to what has been reported for age-0 salmonids (0.2 percent to 3.4
percent; Prentice and others, 1990; Ombredane and others, 1998; Gries and Letcher, 2002; Bateman and
Gresswell, 2006), but higher than the 0.0 percent tag loss reported for bluehead chub (164-278 mm TL)
or Perca spp. (Baras and others, 2000; Ward and David, 2006). The duration of both our laboratory and
field experiments prohibit us from concluding anything about long-term tag retention rates. Given that a
fish expelled a tag 34 days into the laboratory experiment, chronic long-term tag loss is possible, and
should be examined in future studies.

External PIT tagging wounds healed within 21 days of surgery in the laboratory and did not
appear to interfere with normal activities. Prentice and others (1990) noted even quicker healing time
(14 days) in juvenile salmonids for wounds caused by implanting PIT tags using similar methods to
ours. We did not observe loss of equilibrium in Lost River suckers due to tagging as has been observed
for perch Perca spp. when implanted with tags greater than 1.5 percent of their body weight (Baras and
others, 2000). For comparison, age-0 steelhead Oncorhynchus mykiss were given tags up to 12.5 percent
of their body weight without loss of equilibrium (Bateman and Gresswell, 2006).

A PIT tagging effect on mortality, similar to the one we observed for suckers, has not been
reported for juvenile salmonids tagged in laboratory settings using similar methods (Prentice and others,
1990; Peterson and others, 1994). However, when PIT tags were inserted through a small incision rather
than using a hypodermic needle, mortality rates for juvenile salmonids ranged from 5.7 percent to 21.2
percent (Roussel and others, 2000; Gries and Letcher, 2002; Bateman and Gresswell, 2006) and tagged
fish had a higher mortality rate than untagged fish (Bateman and Gresswell, 2006). In our laboratory
experiment, the highest sucker mortality rates occurred within 48 hours of tagging. A similar
phenomenon was observed by Bateman and Gresswell (2006) who reported mortality for steelhead was
highest within 3 days of tagging.

The mortality rate we observed for juvenile suckers tagged in the field (5.0 percent) was similar
to the short-term (2 to 6 days) PIT tagging mortality rate (5.5 percent, n=18) observed for 164 to 278
mm total length bluehead chub (Ward and David, 2006). PIT tags implanted by hypodermic needle,
however, do not appear to affect survival of juvenile salmonids in the wild (Peterson and others, 1994;
Ombredane, 1998). Lost River suckers and blue chub tend to inhabit warmer water than salmonids,
however, which is known to favor microbial outbreaks (Baras and others, 2000) and may explain the
higher rate of mortality for these species. However, differences in mortality may be related to
morphometric or physiological differences among species.
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Higher mortality rates in field tagged suckers (17.5 percent) over lab tagged suckers (9.8
percent) were most likely due to tagger skill and tag placement rather than environmental factors
experienced by the fish. Tags were located in a more anterior position and punctured or displaced the
heart in all but one of the tagged fish that died in either experiment. Taggers in both the laboratory and
field experiments were trained prior to each experiment, but the laboratory tagger was more
experienced. Conditions experienced in the field such as wind, rocking of the boat, or unlevel operating
surfaces may have also contributed to imprecise tag placement. Our findings contrast with those of
Bateman and Gresswall (2006), who reported that tagger experience did not explain differences in
mortality rates among PIT tagged age-0 steelhead.

Proper tag placement is more likely to be accomplished in larger rather than smaller suckers. In
the laboratory, suckers smaller than 70 mm SL appeared to be more vulnerable to tagging mortality than
larger fish. However, size did not appear to affect mortality of fish in the field, which were 75 mm SL or
larger. Therefore, we recommend limiting use of 12.45 mm PIT tags to Lost River suckers 75 mm SL or
greater. Shorter tags (as small as 8§ mm) that are now commercially available may allow smaller suckers
to be tagged, but their use still needs to be evaluated.

Summary

Results from this study showed that 12.45 mm PIT tags are a viable option for studying
movement and mortality rates and estimating age to maturity, for Lost River suckers at least 75 mm SL.
Estimates of mortality generated from PIT tagging will, however, need to be adjusted to account for
tagging mortality and tag loss rates. Mortality may be reduced if effort is made to improve tagger skill
through practice. Because tagging mortality may be variable it should be assessed within any mortality
studies on juvenile suckers that use this technology.

Future research should focus on reducing short-term tagging mortality and tag loss, determining
the effects of PIT tagging on growth, and determining long-term effects of PIT tagging on survival.
New, smaller PIT tags (8.00 mm) should be evaluated to determine if they can reduce tagging mortality,
especially on suckers less than 75 mm SL. Long-term effects of tagging on growth and mortality could
cause negative bias in growth and mortality estimates for wild populations of PIT tagged suckers, and
should be evaluated.
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