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The Department of Fish and Wildlife (Department) has prepared the attached Status Review
for receipt by the Fish and Game Commission (Commission) at its June 4, 2014 meeting in
Fortuna. This Status Review regards the proposal to list Clear Lake hitch (Lavinia exilicauda
chi) as threatened pursuant to the California Endangered Species Act (CESA), specifically
Fish and Game Code section 2074.6. At a future meeting, the Commission will consider. the
Status Review report and other relevant information it receives to determine whether there is
sufficient information to indicate the petitioned action is warranted (Fish & G. Code § 2075.5).
| look forward to discussing this issue and our recommendation at that future Commission

“meeting.

You will recall that on January 31, 2013, the Department recommended to the Commission
that there was sufficient information in the petition to indicate that listing may be warranted.
On March 6, 2013, the Commission voted to accept the petition and initiate a review of the
status of the species in California. Upon publication of the Commission’s notice of _
determination, the Clear Lake hitch was designated a candidate species on March 22, 2013.

Foliowing the Commission's determination, the Department notified affected and interested
parties and solicited data and comments on the petitioned action per Fish & G. Code section
2074.4 (see also Cal. Code Regs, Title 14 § 670.1 (f)(2)). Subsequently, the Department
commenced its review of the status of the species as required by Fish & G. Code section
2074.6 and Cal. Code Regs, Title 14, section 670.1 (f)(2). The attached Status Review
represents the Department's final written review of the status of Clear Lake hitch. In preparing

-the evaluation and recommendation, the Department adhered to its legal obligation to base

- the document upon the best scientific information available at the time of preparation (Fish &

G. Code § 2074.6)

The Department has reviewed the scientific information as guided by CESA and concluded
that several factors represent a threat to the continued existence of the species. The
Department considers present or threatened modification or destruction of habitat, predation,
and competition to threaten the continued existence of the species (Cal. Code Regs, tit. 14,
§ 670.1 (i)(1)(A)). In addition, the anticipated impacts from climate change on native aquatic
species also may cause threats to the continued existence of the species.
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Executive Summary

EXECUTIVE SUMMARY

On September 25, 2012, the Fish and Game Commission (Commission) received the
petition from the Center for Biological Diversity to list Clear Lake Hitch (Lavinia
exilicauda chi) (CLH) as threatened under the California Endangered Species Act
(CESA) (Center for Biological Diversity 2012). The Commission accepted the Petition
on March 6, 2013 and that action initiated the status review that culminated in this
document.

The Clear Lake hitch (CLH) is a native minnow of the cyprinid family (Cyprinidae) that
can be found only in Clear Lake, Lake County, CA. They ascend tributaries between
February and June each year to spawn. Juvenile CLH migrate to the lake and remain
near shore as they grow to adults, at which time they migrate to open water where
physical adaptations allow for a limnetic lifestyle.

Historically, native fishes were abundant at Clear Lake. Accounts from Pomo tribe
members and early European settlers speak of runs of native fish so thick the creeks
were difficult to ford. Pomo tribes used CLH for food as well as trade for supplies
unavailable to them in their native lands. Tribal members speak of capturing and drying
thousands of fish per year to use as food and for trade.

Qualitative information indicates that both the number of spawning individuals and the
number of occupied spawning tributaries are greatly reduced from historical levels.
There is no quantitative scientific information over a long term, thus population trends
are based on a combination of qualitative surveys conducted over the past 60 years.

This qualitative survey information indicates the population of CLH has fluctuated over
the past century and the number of spawning tributaries used by CLH has fluctuated as
well. This information adds to uncertainties about possible cause and effect
relationships among and between CLH and threats to their continued existence.

The Department considers that there is sufficient scientific information to indicate that
several factors are threats to the continued existence of CLH. Present or threatened
modification or destruction of habitat is impacting the ability of CLH to spawn and rear
young. Spawning tributaries and rearing habitat have been degraded by the creation of
barriers to spawning areas, diversion of water for municipal and agricultural use,
removal and redistribution of substrate for mining, impaired water quality from the
introduction of excess nutrients and contaminants, and the removal of wetland habitat
around the shoreline. Predation and competition with non-native fishes is impacting the
ability of CLH to survive and reproduce. CLH are vulnerable to predation from a variety
of non-native fishes that have been introduced for recreational fisheries. Sport fishes
such as black bass, sunfish, and catfish are known to prey on all life stages of CLH.
Clear Lake hitch must compete directly with non-native fishes for access to spawning
area, rearing habitat, and food resources. Qualitative information indicates that a
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Executive Summary

primary driver for CLH population fluctuations may be competition with other non-native
limnetic foragers in the lake. In addition, the anticipated impacts from climate change
on native aquatic species also may cause threats to the continued existence of the
species.

There is no scientific information indicating other factors, such as overexploitation,
disease, and other natural occurrences or human-related activities, are threats to the
continued existence of the species.

The Department has provided a list of management actions to improve the likelihood of
the continued existence of CLH, including the need for: a scientifically valid population
estimate or index; a thorough assessment of barriers to fish movement on primary
spawning streams; an analysis of spawning habitat in primary spawning streams and
recommendations for restoration actions; a review of reservoir operations at Highland
Springs, Adobe Creek, and Kelsey Creek detention dams to assess water release
operations that may be impacting CLH including development and implementation of
guidelines for minimizing impacts and, other specific actions that could improve the
status of CLH.

The Department provides this status review report to the commission based on the best
scientific information available pursuant to Fish and Game Code section 2074.6. Based
on the best scientific information available to the Department, the Department
recommends that the petitioned action to list CLH as threatened under CESA is
warranted at this time.



Introduction

INTRODUCTION

This Status Review report addresses the Clear Lake hitch (Lavinia exilicauda chi)
(CLH), which is the subject of a petition to list the species as threatened under the
California Endangered Species Act (CESA) (Fish & G. Code § 2050 et seq.).

Petition History

On September 25, 2012, the Fish and Game Commission (Commission) received a
petition from the Center for Biological Diversity (Petitioner) to list the CLH as a
threatened species under CESA.

On September 26, 2012 the Commission sent a memorandum to the California
Department of Fish and Wildlife (Department, CDFW, and CDFG) referring the petition
to the Department for its evaluation.

On October 12, 2012, as required by Fish and Game Code, section 2073.3, notice of
the petition was published in the California Notice Register (Cal. Reg. Notice Register
2012, Vol. 41-Z, p.1502).

On December 12, 2012 the Commission granted a 30-day extension on the submission
date for the Department’s Initial Review of Petition to List the CLH as threatened under
CESA.

On January 31, 2013, the Department provided the Commission with its Initial Review of
Petition to List the CLH as threatened under CESA. Pursuant to Fish and Game Code,
section 2073.5, subdivision (a) (2), the Department recommended that the petition
provided sufficient information to indicate the petitioned action may be warranted.

On March 6, 2013 at its scheduled public meeting in Mt. Shasta, California, the
Commission considered the petition, the Department’s petition evaluation and
recommendation, and comments received, and found that sufficient information existed
to indicate the petition may be warranted and accepted the petition for consideration.

Subsequently, on March 22, 2013 the Commission published its Notice of Findings for
CLH in the California Regulatory Notice Register, designating the CLH as a candidate
species (CA Reg. Notice Register 2013, Vol. 12-Z p. 488).

Department Review

Following the Commission’s action to designate CLH as a candidate species, the
Department notified affected and interested parties and solicited data and comments on
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Introduction

the petitioned action, pursuant to Fish and Game Code, section 2074.4 (see also Cal.
Code Regs., Title 14, § 670.1(f)(2)) (CDFW 2013). All comments received are included
in Appendix D to this report. The Department commenced its review of the status of the
species as required by Fish and Game Code section 2074.6.

The Department sought independent and competent peer review, on its draft Status
Review report, by scientists with acknowledged expertise relevant to the status of CLH.
Appendix E contains the specific input provided to the Department by the individual peer
reviewers, as well as a brief explanation on the evaluation and response to the input
and any amendments made to the draft Status Review report (Fish & G. Code § 2074.6;
Cal. Code Regs., Title 14, § 670.1(f)(2)).
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BIOLOGY

Species Description

Clear Lake hitch is a member of the cyprinid family, growing to 35 centimeters (cm)
standard length (SL), and with laterally compressed bodies, small heads and upward
pointing mouths (Moyle et al. 1995). They are separated from other California minnows
by their long anal fin consisting of 11 to 14 rays. The dorsal fin (10 to12 rays) originates
behind the origin of the pelvic fins. Juvenile CLH are silvery with a black spot at the
base of the tail. As CLH grow older the spot is lost and they appear yellow-brown to
silvery-white on the back. The body becomes deeper in color as the length increases
(Hopkirk 1973; Moyle 2002). CLH show little change in pigmentation during the
breeding season (Hopkirk 1973). The deep, compressed body, small upturned mouth,
and numerous long slender gill rakers (26 to 32) reflect the zooplankton-feeding
strategy of a limnetic (well-lit, surface waters away from shore) forager (Moyle 2002).
This lake adapted subspecies also has larger eyes and larger scales than other hitch
subspecies.

Taxonomy

Hopkirk (1973) described CLH as a lake-adapted subspecies based primarily on the
greater number of fine gill rakers. CLH are distinguished from other subspecies of hitch
by their deeper body, larger eyes, larger scales and more gill rakers (Hopkirk 1973).
Recent research on 10 microsatellite loci supports Hopkirk’s description of CLH as a
distinct subspecies (Aguilar and Jones 2009). However, mitochondrial DNA analysis
was not able to distinguish CLH as a distinct subspecies from other hitch in California
(Aguilar and Jones 2009). Yet, based upon the morphological and microsatellite
analysis there is sufficient evidence to warrant the designation of CLH as a distinct
subspecies of hitch (Hopkirk 1973; Moyle et al. 1995; Aguilar and Jones 2009).

CLH can hybridize with other Cyprinidae species and hybridization is known to occur
with the genetically similar California roach (Lavinia symmetricus) (Miller 1945b; Avise
and Ayala 1976; Moyle and Massingill 1981; Moyle et al. in review). However, there is
no documentation of these hybrids in Clear Lake or its tributaries. CLH were known to
hybridize in Clear Lake with the now extinct thicktail chub (Gila crassicauda) (Moyle et
al. in review).
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Range and Distribution

The entire CLH population is confined to Clear Lake, Lake County, California, and to
associated lakes and ponds within the Clear Lake watershed such as Thurston Lake
and Lampson Pond (Figure 1). Populations previously identified in the Blue Lakes, west
of Clear Lake, have apparently been extirpated (Macedo 1994).
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Figure 1. Map depicting Clear Lake and tributaries.
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Biology

Life History

Physical adaptations to lake conditions allow CLH greater than 50 mm SL to feed
largely on water fleas (Daphnia spp.) (Geary 1978; Geary and Moyle 1980; Moyle
2002). Stomach analysis indicates that CLH feed primarily in the day rather than at
night (Geary 1978). Juveniles less than 50 mm SL are found in shallow, littoral zone
(near-shore) waters and feed primarily on the larvae and pupae of Chironomidae;
planktonic crustaceans including the genera Bosmina and Daphnia; and historically on
the eggs, larvae, and adults of Clear Lake gnat (Chaoborus astictopus) (Lindquist et al.
1943; Geary 1978; Geary and Moyle 1980). Growth in CLH is faster and total size
greater than that of other hitch sub-species (Nicola 1974). By three months CLH have
reached an average of 44 mm SL and will continue to grow to between 80 and 120 mm
by the end of their first year (Geary and Moyle 1980). Females mature in their second
or third year, whereas males tend to mature in their first or second year (Kimsey 1960).
Scale analysis indicates CLH live up to 6 years but it is likely that some individuals live
longer (Moyle 2002). Females grow faster and are larger at maturity than males
(Hopkirk 1973; Geary 1978; Ringelberg and McGinnis 2009). The larger size of CLH in
comparison to hitch from other locations translates to greater fecundity. Accordingly,
spawning females in Clear Lake average 36,000 eggs each year (Geary and Moyle
1980) compared to an average of 26,000 eggs for hitch in Beardsley Reservoir (Nicola
1974).

Clear Lake tributaries are numerous and located around the lake basin (Figure 1). Most
streams have headwaters located at higher elevations in surrounding foothills; others
have headwaters in lower elevations of the basin, and nearly all are low gradient in their
lower reaches as they enter the lake. Some streams are more substantial than others
and may have flowing water year round. However, most are seasonal, becoming
disconnected with isolated pools by late spring, and are dry during summer months.
Those that retain water year round often have long stream sections that are ephemeral.
CLH spawn in these low-gradient tributary streams to Clear Lake and have spawning
migrations that resemble salmonid runs. Spawning migrations usually occur in
response to heavy spring rains, from mid-February through May and occasionally into
June (Murphy 1948b; Kimsey 1960; Swift 1965; Chi Council for Clear Lake Hitch
(CCCLH) 2013 (unpublished data)). During wet years, CLH spawning migrations may
also opportunistically extend into the upper reaches of various small tributaries,
drainage ditches, and even flooded meadows (Moyle et al. in review). CLH have also
been observed spawning along the shores of Clear Lake, over clean gravel in water 1to
10 cm deep where wave action cleans the gravel of silt (Kimsey 1960). The success of
these spawning events is not clearly understood and may be limited due to losses from
egg desiccation and predation on eggs and larvae (Kimsey 1960; Rowan, J. personal
communication, October 10, 2013, unreferenced).

CLH spawn at water temperatures of 14° to 18°C in the lower reaches of tributaries.
Egg deposition occurs along margins and mid-channel of streams in very shallow riffles
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over clean, fine-to-medium sized gravel (Murphy 1948b; Kimsey 1960, Taylor, T.,
personal communication, February 10, 2014, unreferenced). Eggs are fertilized by one
to five males as they are released from the females (Murphy 1948b; Moyle 2002). Eggs
are non-adhesive and sink to the bottom after fertilization, where they become lodged
among the interstices in the gravel. The eggs immediately begin to absorb water and
swell to more than double their original size. This rapid expansion provides a protective
cushion of water between the outer membrane and the developing embryo (Swift 1965)
and may help to secure eggs in gravel interstices. The embryos hatch after
approximately 7 days, and the larvae become free-swimming after another 7 days (Swift
1965). Larvae must then move downstream to the lake before stream flow disconnects
with the lake (Moyle 2002).

Within Clear Lake, larvae remain near shore and are thought to depend upon stands of
tules (Schoenoplectus acutus) and submerged weeds for cover until they assume a
limnetic lifestyle (CDFG 2012). Juvenile CLH require rearing habitat with water
temperatures of 15° C or greater for survival (Moyle 2002; Franson 2012 and 2013).
Juveniles are found in littoral shallow-water habitats and move into deeper offshore
areas after approximately 80 days, when they are between 40 and 50 mm SL (Geary
1978; CDFG 2012). Adult CLH are usually found in the limnetic zone of Clear Lake.
The limnetic feeding behavior of adult fish is supported by stomach analysis of CLH
where very little content of benthic midges was found, even though the fish were
collected in the profundal (deep-water) habitat during the survey (Cook et al. 1964).
Additional data collected by the Department during the early 1980s indicate CLH are
present in the littoral zone from April to July and are scarce in this habitat during other
months (Week 1982).

Adult CLH are vulnerable to predation during their spawning migration by many species
including mergansers (Mergus spp.), herons (Ardea spp.), bald eagles (Haliaeetus
leucocephalus), other birds, river otter (Lontra canadensis), northern raccoon (Procyon
lotor), and striped skunk (Mephitis mephitis) (Bairrington 1999). In addition, CLH have
been recovered from the stomachs of black bass (Micropterus spp.) caught in the lake
(Bairrington 1999).

Habitat that May be Essential to the Continued Existence of the Species

Fish and Game Code section 2074.6 requires that a Status Review report include
preliminary identification of the habitat that may be essential for the continued existence
of the species. At various life stages CLH use stream and lacustrine (lake) habitat
present in the watershed (Figure 1). Adult fish spawn in some tributaries of the lake
during the spring and juvenile fish emerge from the tributaries and utilize near shore
habitat to continue growth and seek refuge from predators. As juveniles mature into
adults they move to the main body of the lake and assume a limnetic lifestyle until
returning to spawn in the tributaries or shoreline the following spring. The use of
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tributaries varies from year to year based on habitat conditions present during the
spawning period.
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Species Status and Population Trends

SPECIES STATUS AND POPULATION TRENDS

Assessing the status of CLH should include statistically valid population estimates
conducted over time, to provide population data and trends. CLH studies to date have
consisted primarily of qualitative sampling and are not suitable for deriving population
estimates; however, these study results can provide insight into the current status of the
species.

The population trends for this Status Review report focus on three sets of data available
to the Department for analysis. Commercial catch records, submitted to the Department
by operators on Clear Lake, contain incidental catch information on CLH dating back to
1961. Operators were required to keep records of CLH caught incidentally while
operations focused on other species in the lake. The Lake County Vector Control
District (LCVCD) has been conducting sampling efforts along the shoreline of Clear
Lake since 1987. Although sampling efforts are not specific to CLH, incidental data on
CLH captured during each sampling were recorded. The CCCLH spawning observation
data have been collected by volunteers since 2005. Spawning observation data
provides an estimate of the number of CLH in any given spawning tributary during the
observation period. Results are summarized by the CCCLH each year following the
completion of the spawning season. Information on population trends prior to 1961 is
focused on small sampling efforts, published articles, and traditional ecological
knowledge from tribal members. Although not quantifiable these data provide an idea of
the status and distribution of CLH prior to larger qualitative sampling efforts.

Environmental conditions required for successful spawning and biological impacts to the
survivorship of CLH are highly variable from year to year and often result in multiple
years with reduced numbers of fish observed spawning or reduced recruitment into the
population. The information presented in Figure 2 comes from three qualitative
sampling efforts conducted at Clear Lake and an extrapolation of data provided in
Bairrington (1999). Trend data in commercial catch records were represented for a
given year by totaling the number of CLH captured per year and dividing by the number
of days commercial operations occurred. Commercial catch data are comprised
primarily of adult CLH. The CLH spawning trend data were calculated by totaling the
number of CLH observed and dividing by the number of observation periods. LCVCD
data on CLH captures represent the total number of CLH captured per year. LCVCD
data are considered to be comprised primarily of juvenile CLH. The data represented in
Table 6 of Bairrington (1999) were calculated by using 20,000 as a total catch baseline
for percent of total catch for CLH. This graph does not reflect population numbers but
rather trends in the abundance of CLH in any given year. As a proxy for changes in an
established population size, biologists often use qualitative information as an indicator
of population trends.
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The trends of all data show a highly variable population that responds both positively
and negatively to environmental parameters and varies significantly from year to year.
It is likely that a combination of environmental factors is impacting the CLH population.
The fluctuating abundance trend has continued throughout the duration of the
qualitative sampling efforts and indicates CLH populations have at times been
extremely low and at other times relatively high.
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Figure 2. Clear Lake hitch population trends over the past 52 years as measured by three methods of qualitative
sampling and one data extrapolation.
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In 2013 the Department conducted a mark-and-recapture study to gain a better
understanding of the CLH spawning population in Cole and Kelsey creeks.
Unfortunately, too few individuals were marked and recaptured to give a statistically
valid population estimate (Ewing 2013). Electrofishing surveys in June 2012 identified
thousands of young of year CLH in near shore habitats along the southwestern
shoreline of Clear Lake (CDFG 2012). Volunteers with the CCCLH conducted direct
observations of CLH in spawning tributaries of Clear Lake in 2013, and spawning
observations identified less than 500 CLH present (CCCLH 2013). Of those fish, 300 to
400 CLH were found below the Kelsey Creek detention dam. No single day count
totaled more than 70 fish in any spawning tributary in 2013 (CCCLH 2013).

CCCLH qualitative spawning observations between 2005 and 2013 indicated peak
single day CLH spawning counts of 1,000 to 5,000 fish (CCCLH 2013), and daily
observation averages ranged from 3.5 to 183.1 fish (Figure 2). However, these
observations make no distinction between previously counted fish, and it may be more
prudent to look at fixed location single day counts from this time period. Additionally,
numbers of spawning fish moving at night and during high turbidity events cannot be
accounted for by these observations. The highest number of CLH observations
recorded was approximately 5,000 during 2005; concurring with beach seine data that
demonstrate a higher than average number of CLH caught in 2005 as well (CCCLH
2013; LCVCD 2013). The increased number of CLH in 2005 is the likely reason for the
increase in spawning observations between 2007 and 2009. Appendix A contains
summary graphs and figures, prepared by CCCLH, for observations made between
2005 and 2013.

There is sufficient information from these spawning observations to suggest the number
of spawning tributaries being used by CLH decreased in 2013 compared to the average
from 2005 to 2012 (Figure 3) (CCCLH 2013). However, the data limitations do not allow
for quantitation of observation time on each creek (survey effort) compared with the
number of fish observed to aid in understanding the extent of use in each tributary. The
years with reduced numbers of tributaries with spawning observations also coincide with
dry years when stream flows were reduced. In dry years it is likely only tributary
streams with larger watersheds maintain sufficient flow for spawning. Years with the
highest number of tributaries being used for spawning coincide with years when stream
flows were at or above normal for the spawning period. A comparison between Figure 2
and Figure 3 shows some correlation between the number of spawning tributaries and
the abundance of CLH in observational and capture surveys indicating more recruitment
in years with increased tributary occupancy. Appendix B contains figures depicting the
decline in annual spawning runs in Clear Lake tributaries between 2005 and 2013
(CCCLH 2013). Historic accounts and habitat suitability predications suggest that CLH
originally spawned, to some degree, in all the tributaries to Clear Lake (Robinson
Rancheria Ecological Center (RREC) 2011). However, reports on Pomo geography
speak of Pomo tribes in the area travelling to Kelsey Creek to capture CLH and even of
war when a tribe tried to divert Kelsey Creek to gain control of the important CLH supply
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(Barrett 1906; Kniffen 1939). Based on these reports it is unclear to what extent CLH
spawned in other tributaries to Clear Lake. It can be surmised the largest CLH
spawning run occurred in Kelsey Creek during this period. Over the past eight years
the number of occupied spawning tributaries has decreased from a high of 12 in 2006 to
three in 2013 (CCCLH 2013). Currently, Adobe Creek seems to have the largest
spawning run in the Clear Lake watershed while Kelsey and Cole creeks support
smaller spawning runs. Based on historical accounts and current data the primary
spawning tributary has shifted from Kelsey Creek to Adobe Creek (Kniffen 1939;
CCCLH 2013).

14

1]
S5
@ ¢ 12 *
B>
25 *
£ 410 .
3
X .
w
£ ;g 8
S 2 6 L 2 *
- |l
o x *
38
e @ 4
=
o3 .
g5

()
E2
2

O T T T T 1
2004 2006 2008 2010 2012 2014
Year

Figure 3. The number of occupied Clear Lake hitch spawning tributaries
documented by CCCLH observers between 2005 and 2013.

LCVCD has been collecting beach seine data at various sites around the lake for more
than two decades. The sampling is designed to measure abundance of threadfin shad
(Dorosoma petenense) and Mississippi silversides (Menidia audens) as part of a Clear
Lake gnat (Chaoborus astictopus) surveillance program. Incidental captures of CLH are
recorded during these surveys; however, the data collected are not appropriate for a
statistically valid evaluation of CLH populations as the sampling was not designed for
this purpose. Additionally, sample locations are in areas that contain open unvegetated
beaches that are not preferred habitat for CLH. Although surveys were not conducted
to assess CLH, capture data for these surveys are consistent with other data sources in
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demonstrating a population that has poor recruitment in many years interspersed with
few years of high levels of recruitment (Figure 4) (LCVCD 2013). In most years less
than 100 CLH are captured during the surveys (17 of 24 years). Four of the six years
when more than 100 CLH were captured were between 2005 and 2010. The greatest
numbers of CLH were captured in 1991, a year that was described by the Department
as a boom for juvenile fish in the lake (Bairrington 1999). Commercial fisheries data
from 1991 also indicate an increase in CLH numbers captured during operations; over
6,000 CLH were captured and released by commercial fishery operators between
March and May of 1991 (CDFW Commercial Fisheries Data). Data from the early
1990s also indicate an increase in zooplankton and macroinvertebrate numbers and a
decline in threadfin shad and Mississippi silverside abundance resulting in increased
available forage for CLH (Eagles-Smith et al. 2008; Winder et al. 2010).
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Figure 4. Summary of Clear Lake Hitch captured during Lake County Vector Control
District beach seine surveys conducted from 1987 to 2010.
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The data available to the Department that cover the greatest timeframe come from
commercial harvest records for Clear Lake. The data begin in 1961, continue through
2001, and provide estimates of CLH numbers captured incidentally during operations
(Figure 5). Multiple times throughout the past 50 years the number of CLH captured
has surpassed 10,000. There are also several years where CLH were almost or entirely
absent from sample collections. These data suggest that CLH are able to sustain a
population through multiple years, of either one or both, suppressed spawning and
recruitment.
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Figure 5. Number of Clear Lake hitch captured incidentally during commercial harvest operations between 1961 and 2001.
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In the 1980s, the Department began various sampling at Clear Lake to assess fish
assemblages, distribution, and occurrence in the lake. Electrofishing surveys found
adult CLH occupying littoral habitat between April and July each year (Week 1982).
The surveys were directed towards littoral zone use and provide no information on CLH
outside of those months (Week 1982). An electrofishing survey was completed in April
of 1987, and CLH was the most abundant fish sampled at locations around Rattlesnake
Island and Clearlake Oaks subdivision; however, only a total of 52 CLH were captured
during the survey (CDFG 1988). It must be noted that this sampling was on a very
small scale, was targeting black crappie (Pomoxis nigromaculatus), and occurred in
habitats where CLH would likely be found during this time period. Additional spring and
fall electrofishing surveys between 1995 and 2006 found CLH to be the most abundant
native fish, but the overall capture numbers were relatively low with a peak catch per
unit effort (CPUE) of only 0.087 for juvenile fish in the fall of 2000 and 0.169 for adult
fish in the spring of 1999. CPUE’s were based on the number of fish caught per minute
of electrofishing (Cox 2007). Electrofishing surveys conducted during late June 2007
reported low numbers of CLH recorded during the survey (Rowan 2008). The low
numbers of CLH may be attributed to the sampling timeframe of late June. As noted in
Cook et al. 1964, CLH were absent from littoral zone sampling following the start of
summer. In an effort to reduce impacts to CLH while sampling, the Department’s Clear
Lake surveys between 2008 and 2012 were all confined to the timeframe of late June
and July when CLH numbers are greatly reduced in the littoral zone.

As late as 1972, CLH and other non-game fish were described as comprising the bulk of
the Clear Lake fishery (Puckett 1972). The Lake County Mosquito Abatement District
conducted surveys between 1961 and 1963 examining the relationship between fish
and midges. These surveys identified CLH as the third most abundant fish in the lake.
The majority of CLH were captured in the littoral and profundal zones using gill nets.
However, the limnetic zone was not sampled since midges do not occur in this area. A
total of 1,229 fish was taken during these surveys (Cook et al. 1964).

Field notes from CDFG biologists in 1955 note CLH runs with large numbers in Kelsey
Creek (CDFG 1955). Similar notes from 1956 indicate spawning CLH in Kelsey Creek
as numbering in the hundreds and Seigler Creek containing 400 CLH for every 100 feet
of stream above the Anderson Brothers ford (CDFG 1956). CLH were the second most
abundant fish caught during various gill net surveys in the lake at that time (Lindquist et
al. 1943). Surveys conducted between 1938 and 1941, for examination of fish and gnat
interactions, described the runs of Clear Lake splittail (Pogonichthys ciscoides) and
CLH as numbering in the tens of thousands (Lindquist et al. 1943). A photograph from
1890 depicts a spawning run so thick that fish formed a blanket across the creek (Figure
6). The photo likely shows a run of fish comprised of different Cyprinid species. Early
stories from the area depict tales of fish so thick that streams were difficult to ford by
horses and wagons, and residents shoveled spawning fish to bring home for hog feed
(Rideout 1899). The volume of dead fish found during spawning runs on Clear Lake
tributaries created a stench that was intolerable to lakeshore residents (Dill and
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Cordone 1997). Livingston Stone (1876), who lived on the lake in 1872 and 1873,
stated “They ran up the streams in spring to spawn in countless numbers”. It is not
entirely clear if spawning runs such as those depicted in Figure 6 occurred every year or
fluctuated based on tributary flows, but it is likely they fluctuated in a similar fashion to
what was observed during the past decade of CCCLH spawning surveys. Regardless,
the body of evidence lends support for claims of CLH as common and the most
abundant fish in Clear Lake during the late nineteenth and early twentieth centuries
(Coleman 1930; Jordan and Gilbert 1894).

Figure 6. Photo from 1890s depicting spawning fish being stranded in Kelsey
Creek.
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FACTORS AFFECTING THE ABILITY TO SURVIVE AND REPRODUCE

Present or Threatened Modification or Destruction of Habitat
Wetland Habitat Loss

Wetlands provide critical rearing habitat for juvenile fishes native to Clear Lake
(Geary 1978; CDFG 2012). Wetlands are those areas near shore or adjacent to
tributaries that are inundated with shallow water and contain emergent vegetation.
Prior to the arrival of European settlers in the mid-1800s, Clear Lake was
surrounded by large tracts of wetlands. Throughout the expansion of European
settlement around the lake, the wetland habitat was drained and filled to provide
urban and agricultural lands. Currently, the Clear Lake watershed contains over
16,000 acres of land dedicated to agricultural production, of which a portion comes
from reclaimed wetlands (Lake County Department of Agriculture 2011; Forsgen
Associates Inc. 2012). Comparisons of historical versus current wetland habitat
reveal a loss of approximately 85%, from 9,000 acres in 1840 to 1,500 acres by
1977 (Week 1982; Bairrington 1999; Suchanek et al. 2002; Lake County Department
of Public Works 2003; Giusti 2009; CEPA 2012). Loss of wetland habitat coupled
with competition for existing habitat with introduced fishes has led to a decline in
available rearing habitat for juvenile CLH (Week 1982).

Spawning Habitat Exclusion and Loss
Dams, Barriers, and Diversions

Cache Creek Dam was constructed at the outlet of Clear Lake in 1915, and Yolo
County Flood Control and Water Conservation District (YCFCWCD) manipulates the
lake water level several feet seasonally to allow irrigation diversion (CDWR 1975).
Clear Lake is allowed to fluctuate on a yearly basis a maximum of 7.56 feet above a
mean level plane referred to as the “Rumsey gage” (CDWR 1975). The fluctuations
in water level at Clear Lake are not as extreme as traditional reservoirs that can
fluctuate tens to hundreds of feet per year. In most years the lake is at its highest
level between January and May and if full on May 1, water withdrawals may occur
during the summer months. As a result of water withdrawals the lake is usually at its
lowest level in October or November prior to the start of the rainy season (Figure 7)
(County of Lake 2013). The effects of lake water manipulations on CLH populations
have not been quantified but is likely less than those effects would be if Clear Lake
was a traditional reservoir. However, manipulation of water levels in the Clear Lake
watershed likely results in decreased water quality, a reduction in spawning and
rearing habitat, and increased risk of predation (Converse et al. 1998; Wetzel 2001;
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Gafny et al. 2006; Cott et al. 2008; Hudon et al 2009). All of these impacts can lead
to the extinction of native species that evolved in lakes free of habitat modifications
resulting from impoundment structures (Wetzel 2001). Impounded systems also
tend to be dominated by non-native species (Moyle and Light 1996).

22



Factors Affecting the Ability to Survive and Reproduce

12

107

Stage (ft)

0 T T L § T T T

Jan Mar May Jul Sep Nov Jar
—11450000 USGS 1990 STAGE ——11450000 USGS 1991 STAGE —11450000 USGS 1992 STAGE ——11450000 USGS 1993 STAGE 11450000 USGS 1994 STAGE

11450000 USGS 1995 STAGE —11450000 USGS 1996 STAGE 11450000 USGS 1997 STAGE 11450000 USGS 1998 STAGE ——11450000 USGS 1999 STAGE

11450000 USGS 2000 STAGE 11450000 USGS 2001 STAGE 11450000 USGS 2002 STAGE 11450000 USGS 2003 STAGE ——11450000 USGS 2004 STAGE
—11450000 USGS 2005 STAGE 11450000 USGS 2006 STAGE —11450000 USGS 2007 STAGE —11450000 USGS 2008 STAGE ——11450000 USGS 2009 STAGE
——11450000 USGS 2010 STAGE ~ —--11450000 USGS 2011 STAGE  ------11450000 USGS 2012 STAGE

Figure 7. Clear Lake levels from 1990 to 2012 recorded at U.S. Geological Survey storage gage 11450000.
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CLH spawn in low-gradient tributary streams to Clear Lake. All of the tributary
streams to Clear Lake have been altered to various degrees by dams, barriers, and
diversions. Dams, barriers, and diversions consist of manmade structures or habitat
modifications that impede the passage of fish; these can be the result of flood
control, construction, water diversions, vegetation removal, sedimentation, or any
other modification to the existing habitat. Stream alterations can block migratory
routes and impede passage necessary for adults to reach spawning areas and for
larval fish to gain access to the lake. The result can be direct loss of spawning and
rearing habitat, loss of nursery areas or loss of access to these areas, increases in
predation, and decreased water quality (Murphy 1948 and 1951; Moyle 2002;). A
limited biological survey was conducted in 2013 on the lower reaches of Adobe,
Kelsey, Manning, Middle, and Scotts creeks. Results indicate all of the areas
surveyed had low Index of Biological Integrity (IBl) scores and are either partially or
not supportive of aquatic life (Mosley 2013). Examples of alterations to Clear Lake
tributaries that have impacted CLH include agricultural irrigation pumps and
diversions, aggregate mining activity, flood control structures, road crossings, bridge
aprons, and off-highway vehicle (OHV) use (McGinnis and Ringelberg 2008).

It is clear that Adobe Creek, Highland Creek, Middle Creek, Clover Creek, and
Kelsey Creek have experienced a reduction in fish spawning habitat and access to
spawning habitat since the installation of dams and increased irrigation (Murphy
1951; Macedo 1994; McGinnis and Ringelberg 2006). In 2006, a barrier
assessment was completed for Middle Creek and the Kelsey Creek fish ladder
(McGinnis and Ringelberg 2006). The assessment found physical barriers
associated with bridge aprons and weirs as well as habitat barriers from historical
gravel operations that removed riparian vegetation, redistributed substrate, and
altered flows (McGinnis and Ringelberg 2006). The Kelsey Creek fish ladder was
found to be insufficient for passage of CLH as the jump heights and velocities found
at the ladder were too great for CLH. Spawning observations by CCCLH from 2005
to 2013 witnessed fish stranded below barriers within the watershed (CCCLH 2013).

Many Clear Lake tributaries are no longer used for spawning or have reduced
spawning runs as a result of artificial structures that continue to impede spawning
migrations (Figure 8). While some operational and physical modifications to these
structures have been implemented over the years, they continue to prevent
spawning CLH from accessing spawning habitat, especially during dry years when
spring flows are low.

In preparation of this report, the Department estimated the loss of CLH spawning
and rearing habitat due to constructed barriers and impediments within the
tributaries of Clear Lake (Figure 8). The barrier assessment determined the
approximate locations of barriers and estimated miles of stream habitat as
determined from the California Native Diversity Database, CDFW Geographic
Information System, CDFW Fish Passage Assessment Database, California
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geographic information system (GIS) street layer, and Google Earth Maps. Using
that data, the Department estimated 180 stream miles were historically available to
spawning CLH and that barriers have eliminated or reduced access to more than
92% of the historically available spawning habitat. Physical barriers, such as the
footings of bridges, low water crossings, dams, pipes, culverts, and water diversions
in Kelsey, Scotts, Middle, Clover, and other creeks interrupt or eliminate migration to
spawning areas (McGinnis and Ringelberg 2008). Appendix C contains a list of
several tributaries and some of their associated barriers.
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Water is frequently diverted from Clear Lake tributaries, during the CLH spawning
season, under riparian and water rights associated with land ownership in the
watershed. These water diversions consist of direct diversion from surface water
intake pumps and from shallow off-channel wells that capture underflow from
adjacent channels. The primary purpose of water diversions from Clear Lake
tributaries is for agricultural production, frost protection, various forms of irrigation,
and domestic water supply. Water diversions for frost protection have been shown
to temporarily reduce in-stream flow by as much as 95% (Deitch et al. 2009).
Natural flow regimes are thought to favor the success of native fishes over non-
native fishes (Marchetti and Moyle 2001). No studies on water diversions in
tributaries have been completed and the impact on CLH spawning tributaries is
poorly understood. A review of stream flow data recorded at U.S. Geological Survey
station 11449500 (Figure 9), on Kelsey Creek, was conducted to determine if
monthly average flows correlated with either increases or decreases in CLH
observations or captures. There does not appear to be a strong correlation with
increased flows February through April and increases in CLH observations or
captures. The highest number of CLH were captured in 1990 and 1991, which were
dry water years with lower than average flows during the spawning season. From
1993 to 1995 CLH captures continued to decline even though the flows were
average to above average during the spawning season. The flows presented in
Figure 9 are averages for each month and may not accurately display the variability
of day-to-day flows on all Clear Lake tributaries and do not take into account water
diversions downstream of the gaging station. In some tributaries, water diversion
has contributed to early drying of stream reaches and desiccation of CLH eggs
masses and newly hatched juveniles (Macedo, R., personal communication,
November 25, 2013, unreferenced). Additionally, significant flow reductions can
lead to increased water temperatures, reduced available aquatic habitat, altered or
decreased biodiversity, increases in non-native species, and alterations to fish
assemblages (Marchetti and Moyle 2001; Bunn and Arthington 2002; Bellucci et al.
2011).

The impacts of spawning habitat alterations to CLH may be inferred by the fate of
another native Clear Lake fish that required tributaries for spawning; the Clear Lake
splittail was last recorded in 1972 (Puckett 1972). The Clear Lake splittail formerly
spawned later in the season than did CLH, and the drying up of tributaries
contributed to its demise (Moyle 2002). Cook et al (1966) noted the Clear Lake
splittail “underwent a drastic reduction in the 1940s” and feared it “may disappear if
increased demands upon the water further limit reproductive success”. All stream
spawners had “declined precipitously” by 1944 (Murphy 1951). Therefore, earlier
drying of tributaries by both natural and anthropogenic processes likely impacts the
CLH population.
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Figure 9. Average January through June flows on Kelsey Creek as recorded at USGS Station 11449500.
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Dredging and Mining

Since the first European settlers arrived at Clear Lake and began gravel mining and
dredging operations, there have been documented deleterious effects on the
watershed (Suchanek et al. 2002). Field notes from CDFW personnel conducting
stocking assessments document Kelsey Creek so loaded with silt from gravel
operations that creek visibility was zero (CDFG 1955). Smaller scale mining and
dredging in tributary streams has occurred since early settlement and has altered
the amount and distribution of stream gravels (Thompson et al. 2013). In some
tributaries, gravel extraction has resulted in the incising and channelization of the
streams, streambed elevation levels have also downcut by as much as 15 feet
(Suchanek et al. 2002; Eutenier, D. April 17, 2013 comment letter). After 1965 about
one million metric tons of gravel product per year was removed from the watershed
until the partial moratorium on aggregate mining in 1981 (Richerson et al. 1994).
Gravel was removed from Clear Lake tributaries to provide road base for new roads
created to accommodate the expanding population of the area (Suchanek et al.
2002). Currently, approximately 5,000 cubic yards of gravel are removed annually
from Scotts Creek and 58 acres in the Clear Lake watershed are used for quarries,
strip mines, and gravel pits (Forsgren Associates Inc. 2012).

Many areas along the tributaries to Clear Lake were channelized in response to
frequent flooding during the late winter and early spring (Maclanahan et al. 1972;
U.S. Army Corps of Engineers 1974). As a result of gravel extraction and
channelization, some areas were covered with riprap or confined by levees to
prevent further erosion and flooding. Erosion problems have contributed to
sediment entering Clear Lake and providing increased phosphorous loads that
impair water quality (Richerson et al. 1994). Gravel extraction results in
channelization, down cutting of the stream banks, decreases in suitable spawning
habitat, increasing flow velocities and amount of coarse material that passes through
the system (Brown et al. 1998).

Water Quality Impacts

The Clear Lake watershed has seen a significant increase in the amount of
contaminants entering the lake over the past 75 years (Richerson et al. 1994). An
increase in agriculture, mining, and a shift to an urban environment, has resulted in
adverse water quality impacts in the lake (Mioni et al. 2011; California Environmental
Protection Agency [CEPA] 2012).

Sediment

Erosion from construction, dredging, mining, agriculture, OHV use, grazing, and
urbanization has resulted in increased sediment loads to the Clear Lake watershed
(Forsgren Associates Inc. 2012). Increased sediment loads transport nutrients,
particularly phosphorous, into Clear Lake. Increased sediment loads also reduce
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spawning habitat quality by increasing substrate “embeddedness” (Mosley 2013).
During the late 1990s and early 2000s soil erosion and sedimentation became an
increasing problem as existing agricultural lands were converted to vineyards
(Forsgren Associates Inc. 2012). From 2002 to 2011 vineyard acreage in the Clear
Lake watershed increased from approximately 5,500 acres to 8,000 acres (Lake
County Department of Agriculture 2011).

Nutrients

Development and expansion of agriculture in the Clear Lake watershed during the
late 1890s until present day reclaimed the lake’s natural wetland filtration system for
agricultural use. An increase in agricultural production and a decrease in wetland
filtration increased nutrient flows into Clear Lake. Wetland reclamation projects
altered the transport of sediment and nutrients, particularly phosphorous, into Clear
Lake, resulting in an increase in noxious cyanobacteria blooms that cover the lake in
warmer months (Suchanek et al. 2002). As a result of continued water quality
issues, Clear Lake was added to the Clean Water Act Section 303(d) list of impaired
water bodies in 1988 (CEPA 2010 and 2012). In recent years, noxious
cyanobacteria blooms have at a minimum remained constant and may have
increased (CEPA 2012).

Cyanobacteria

Cyanobacteria blooms have occurred at Clear Lake since the mid-1900s. Studies
indicate an increase in phosphorous was the driver behind water quality impairments
and noxious cyanobacteria blooms (Horne 1975; Richerson et al. 1994; CEPA
2012). The blooms originally consisted primarily of Microcystis, but in recent years
the blooms have been attributed to both Microcystis and Lyngbya. These taxa
represent both non-nitrogen fixing (Microcystis) and nitrogen fixing (Lyngbya)
cyanobacteria and raise concerns that both phosphorous and nitrogen entering the
lake that need to be controlled (Mioni et al. 2011; CEPA 2012). Cyanobacteria
blooms have the ability to both directly and indirectly impact CLH by direct
interference with the growth of Daphnia, a limnetic organism that is a food source for
adult CLH, and interference with food web efficiency. No studies have been
conducted at Clear Lake to quantify the impact of cyanobacteria blooms on the
ecosystem, but studies conducted at other water bodies with varying degrees of
cyanobacteria blooms provide information on their impacts to the aquatic
environment. Cyanobacteria blooms reduce the amount of light penetration in the
water column and cause a reduction in producers that are unable to reposition
themselves to gain more light (Havens 2008). Primary producers such as epiphyton,
benthic algae, and rooted vascular plants have a reduced ability to function in the
ecosystem as a result of cyanobacteria blooms. As the cyanobacteria alter the
nutrient cycle of the lake they replace the producers in space and mass. The
expanding cyanobacteria begin to deplete CO, from the water body, which increases
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pH and reduces growth of other producers (Havens 2008). The decreased CO,and
increased pH can create surface scums and result in mortality of fishes, including
CLH. In the summer of 1969, a large fish die off, due to heavy cyanobacteria growth
and low oxygen levels, was reported at Clear Lake. An estimated 170,000 fish died,
consisting primarily of carp, CLH, and blackfish (CDFG News Release 1969). Sub-
lethal and lethal effects of toxins released during cyanobacteria blooms are also
seen in fish and their associated food web (Havens 2008).

On September 19, 2007, the U.S. Environmental Protection Agency (EPA) approved
a control program as a nutrient Total Maximum Daily Load (TMDL) for Clear Lake
with the goal of reducing point and non-point source phosphorous entering the lake
(CEPA 2012). Sources for phosphorous entering the lake include agricultural and
urban runoff, timber harvest, road maintenance, construction, gravel mining,
dredging, and fire. Other potential sources of phosphorus from home fertilizers,
marijuana culture, sewer, and septic systems cannot be quantified.

Pesticides and Herbicides

To allow for increased yields on agricultural land and to prevent nuisance insect
species around the lake, pesticides became commonplace during the early and mid-
1900s. Between 1949 and 1957, an important food source of juvenile CLH, the
Clear Lake gnat, was targeted with the pesticide dichlorodiphenyldichloroethane
(DDD). During these years it is estimated that 99% of the gnat larvae in the lake
were killed. Concentrations of DDD were magnitudes higher in invertebrates, fish,
and birds than in the surrounding water in which they were found (Lindquist and
Roth 1950; Rudd 1964). Sampling conducted during the late 1950s identified CLH,
as well as other fish species, contaminated with DDD (Hunt and Bischoff 1960).
Contamination levels ranged from 5.27 