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Problem Statement and Implications

Largemouth Bass Micropterus salmoides are the most sought after warm water sportfish in New Mexico
followed by Catfish Ictalurus spp., Smallmouth Bass M. dolomieu and Walleye Sander vitreus (Davisand Grant
2016). Thus, population surveys are routinely conducted to make informed management decisions about
sportfish populations and their prey base. Average CPUE of Largemouth Bass in Elephant Butte Reservoir has
changed little between 2012 (10.3 fish/h, partial survey) and 2013 (12.3 fish/h) remaining well below the
statewide target objective of 20-40 fish/h. Relative weight was at or above 80% of the optimum deemed
acceptable by agency biologists. While the smaller size classes may have been present (but missed in
collections), the low CPUE and high relative weight (80-100) suggests recruitment is currently limited in the
Largemouth Bass population of Elephant Butte Reservoir (NMDGF 2014).

To augment recruitment of Largemouth Bass in Elephant Butte Reservoir, 68,000 fingerlings from
Montana were stocked in 2011). The following year, a total of 11,862 fingerlings were transported from
Montana and the Rock Lake State Fish Hatchery, New Mexico and stocked into the Reservoir. In 2015, 56,900
fingerlings were imported from Montana and Arkansas and distributed throughout the Reservoir. As recently
as the fall of 2017, approximately 100,000 Largemouth Bass fingerlings were stocked into Elephant Butte
Reservoir. While the total number of fish stocked is considered relatively low when compared to the size of the
Reservoir, it is important to know whether these non-natal fish successfully recruited into the Largemouth Bass
population. While anecdotal, it appears that water level fluctuations throughout the fish’s spawning season
may affect successful spawning and/or recruitment of juvenile fish.

The goal of the project is to characterize the effects that environmental variables (water level and
temperature) have on reproduction and recruitment of Largemouth Bass in Elephant Butte Reservoir, New
Mexico. The first objective was to characterize natal origin of the Largemouth Bass population. In 2016, we
began to retrospectively characterize the relative contribution of natal versus stocked fish representative of four
years of stocking from commercial sources (2011, 2012, 2015, 2016). These results were disseminated in an
interim report (see Vaisvil et al. 2017). In 2017, we began monitoring water temperatures and conducting
spring and summer collections of juvenile Largemouth Bass throughout three coves (study areas) to identify
the timing of hatch for the 2017 age class.

Our objectives for 2017 were to continue collection and analysis of 8'Sr:8Sr isotope ratios of spines,
identify peak hatch dates of Largemouth Bass, monitor water quality, and begin characterizing the annual
reproductive cycle of Largemouth Bass in Elephant Butte Reservoir. Reproductive biology offers insights into
the effects that seasonal cues (temperature and photoperiod) as well as environmental disturbances (altered
hydrological cycles) have on the reproductive success of fishes (Patifio 1997). Gross et al. (2002)
characterized the periodicity of reproductive hormone in Largemouth Bass and quantified seasonal changes of
17 B estradiol that ranged from 1.0 ng/ml (prior to spawning season) to 4 ng/ml (during spawning season).
Using seasonal changes in hormonal profiles of reproductive hormones, Gross et al. (2002) characterized the
timing of spawning of captive stocks of Largemouth Bass. Characterizing seasonal changes in reproductive
hormones can be used to describe not only timing to ovulation and spawning, but how environmental factors
such as water level fluctuations and temperature influence the reproductive stages of gonadal readiness and
spawning in fishes (Patifio 1997; Gross et al. 2002; Caldwell et al. 2004). This interim report describes the
methods and results of these objectives for calendar year 2017, and establishes a series of tasks and timeline for
2018.



Reporting of Activities for Calendar Year 2017:

Natal Origin: In April 2017, the first two spines, and total length (cm) and weight (g) were collected from 199
adult Largemouth Bass. From these adult fish, the spines were sorted into five size classes (< 125 mm, 125-225
mm, 225-325 mm, 325-425 mm, and > 425 mm; unpublished report) based on age data from historical
collections and from spines collected for the first objective. Spines were subsequently cleaned, mounted in
epoxy, cross-sectioned, sanded and mounted to petrographic slides in preparation for analysis (see Vaisvil et al.
2017 for methodology of Otolith and Spine Validation using 8Sr:#Sr Ratios). In June 2017, 8Sr:®Sr ratios were
characterized in spines using laser ablation at the University of California-Davis Interdisciplinary Center for
Plasma Mass Spectrometry. White Bass otoliths and spines were collected Fall 2017 to serve as a reference of
87Sr:883r ratios in Elephant Butte Reservoir and to compare spines from Largemouth Bass collected from
November 2017 to April 2018.

Annual Reproductive Cycle: To illustrate annual cycles of reproduction of Largemouth Bass in Elephant Butte
Reservoir, the female sex hormone 17 B-estradiol will be characterized throughout an entire reproductive cycle
(12 months). Beginning November 2017, monthly sampling throughout the three coves began and are planned to
occur until post spawning (September 2018). Largemouth Bass (300 mm or greater) are sampled monthly via
boat electrofishing in each of the three coves (Figure 1). Fish are bled using a heparinized 3.0 ml syringe with a
20-gauge needle. Blood is collected shortly after capture to ensure minimal physiological effects of stress to the
fish and stored over ice. To date, a total of 159 fish have been captured and tagged using a Passive Integrated
Transformer (PIT) with a unique identification. Each blood sample will be screened for the presence of a special
yolk protein found only in female fish (Vitellogenin) using ELISA assay (Cayman Chemical Company, Ann
Arbor, MI). Water quality (dissolved oxygen, temperature) is recorded in the cove at the time of sampling. After
blood is collected, spines, length and weight are collected from each fish and then the fish is returned to the
water. Total time from the when the fish is removed and returned to the water is approximately 2 minutes.
Immediately upon return to the laboratory at New Mexico State University, blood samples are centrifuged for 5
min at 1000 x g at 8°C to separate plasma and red blood cells. The plasma is removed and stored at -20°C until
analysis using hormone specific radioimmunoassay kits (MP Biomedical, Santa Ana, CA). Analysis of specific
hormones will begin in Spring 2018.

Timing of Successful Spawn: From June through August 2017, 230 fingerling Largemouth Bass were collected,
euthanized in 200 mg/L MS-222, and preserved in 65% ethanol. Sagittal otoliths are being mounted, sanded and
daily rings counted to retrospectively obtain hatch dates. These dates and water temperature (see Water Quality)
will be factored in with spring relative abundance estimates to determine approximate peak spawning success
and hatch dates of Largemouth Bass across the three coves. Miller and Storck (1982) found that after 80 days,
accuracy declines as daily rings of otoliths increase resulting in an underestimation of age. Fish over 100 days
old will not be aged because of low reader effectiveness (Miller and Storck 1982). Collections ceased once the
smallest young-of-year Largemouth Bass surpassed 50 mm. One additional collection was made in October 2017
to detect any late-spawning cohorts. Collections will resume in May 2018 and continue again until August 2018.

Water Quality: Intermittency temperature loggers were installed 14 March 2017 in four locations throughout
three coves of Elephant Butte Reservoir to obtain water temperature (*C) at peak hatching. Intermittency loggers
are novel temperature loggers that not only record water temperature, but also document when drying and
wetting events occur (Chapin et al. 2014). Thus, these loggers were chosen over the standard water temperature
loggers (i.e., ProV2) to characterize spatial and temporal changes in reservoir volume (filling and receding)
(Figure 4). Beginning September 2017, 20 loggers were placed perpendicular to the shoreline at each of the four
locations. Vertical separation is approximately 0.5 m. These loggers will not be moved throughout the season to
capture shoreline water temperatures throughout the year.



Results (Preliminary)

Natal Origin: Of the 254 spines collected from Largemouth Bass in Elephant Butte Reservoir (29 June-15
August 2017), 67% reflected natal origin of Elephant Butte Reservoir, 9% reflected natal origin of Miles
City, Montana, and 23% were unknown (Table 3). We received the results of the & Sr:8Sr Ratios from water
collected at the same hatcheries from where the non-natal Largemouth Bass originated. Of note, the ratios
for water are not similar to those obtained for fish from the same hatchery. We are going to reconcile these
differences the next time we are at the UC-Davis laboratory May 2018. While at the UC-Davis laboratory,
we plan to analyze the White Bass otoliths and spines as a point of reference to compare with the unknown
Largemouth Bass. We can presume that White Bass reflect life-long residents of Elephant Butte Reservoir.
We continue to remove spines on Largemouth Bass from the study areas.

Annual Reproductive Cycle: To date, analysis has not been performed on the plasma samples. However, we have
identified the needed radioimmunoassay kit for 17 B-estradiol and have ordered a test kit to begin assay
development. We will screen all plasma samples for the presence of vitellogenin, a lipid-based protein produced
by the liver in female fishes and deposited into ova prior to ovulation and spawning. Positive confirmation of
vitellogenin in plasma reflects the fish is female. Only those plasma samples showing positive confirmation of
the presence of vitellogenin will be analyzed for 17 B-estradiol. If vitellogenin is absent, then the fish is
presumed male and the plasma sample will be not be assayed for the female sex hormone.

Timing of Successful Spawn: For juvenile Largemouth Bass, both right and left sagittal otoliths were pulled,
mounted, and polished to reveal circuli. Preliminary counts of circuli retrospectively place Largemouth Bass
spawning in Elephant Butte Reservoir between late April and June 2017.

Water Quality: Water temperature in the Kettle Top study area appeared to reach and maintain at or above the
spawning temperature of Largemouth Bass (18°C; Carlson and Hale 1972) on 20 May (Figure 2). The outer area
of the McRae study area and closest to the main body of the Reservoir reached and maintained spawning
temperature for Largemouth Bass (18°C) on 21 May (Figure 3). However, the inner area of the McRae study area
and furthest from the main body of the Reservoir has insufficient data to infer whether optimum temperatures
occurred (Figure 4). The Jungles study area appeared to reach and maintain approximate spawning temperature of
Largemouth Bass (18°C) on the same day as water temperature in McRae (20 May; Figure 5).

Schedule

Jul - Dec 2017 Fall field work; Completed thesis research proposal and committee
meeting for approval of research.

Jan -Jun 2018 Spring field work; travel to UC-Davis for analysis of spine
microchemistry to continue to assess natal origin; Interim Report
submitted to NMDGF (June 2018). Additional analysis will improve
the spectral resolution between spine and otoliths. Begin analysis of
plasma samples with radioimmunoassay and ELISA kits.

Jul - Dec 2018 Fall field work; continue analysis of samples; begin data analysis.

Jan - Jun 2019 Final Report submitted to NMDGF; interim Report submitted to
NMDGF (January 2019); student presents research to NMDGF and
defends June 20109.



Anticipated Completion of Milestones for 2018

To reconcile spines of unknown origin, we will compare the strontium isotopes in otoliths and
spines of White Bass. We will work with UC-Davis chemist to improve the resolution between
strontium isotopes in water and that of otoliths and spines of fish obtained from the commercial
suppliers.

We will continued with monthly collection of blood and spines through to November 2018.
Beginning April, Largemouth Bass fingerlings will be sampled throughout the three study areas to
continue with retrospective characterization of hatch dates

Blood samples will be analyzed for vitellogenin and 17 Bestradiol

Verification of nest building and spawning will be performed by snorkel surveys throughout the three
study areas spring 2018

Additional loggers will be deployed April through August 2018

Current Balance of Account (as of 1/9/2018): $39,137.62/10% NMSU IDC = Balance $35,579.65

1/1/18 - 6/30/18

Anticipated Salary and Wages: $ 11,309.81

Fringe Benefits $ 113.05

Travel (Approximate) $6,000.00 [3 trips to EB/month; travel to UC-Davis]

Supplies (Approximate) $ 8,000.00 [Vtg and estradiol assays, syringe, needles, pipette tips, alcohol]
Services (Approximate) $6,000.00 [UC-Davis Strontium chemistry]

We anticipate additional dollars ($4,000) will not be spent due to the lower cost of the strontium analyses. Thus,
we request these additional funds be diverted to hire students to assist in the field and in the laboratory for otolith
and spine preparation.



Literature Cited

Caldwell, C.A., S.A. Fuller, W.R. Gould, P.R. Turner, and D.M. Hallford. Seasonal changes in 17-8 estradiol of the
Rio Grande Chub (Gila pandora) in south-central New Mexico. The Southwestern Naturalist 49: 311-15.

Carlson, A.R. and Hale, J.G. 1972. Successful spawning of Largemouth Bass Micropterus salmoides (Lacépéde)
under laboratory conditions. Transactions of the American Fisheries Society 101:539-542.

Davis, M and T. Grant. 2016. New Mexico Department of Game and Fish angler satisfaction survey. Davis
Innovations, Santa Fe, New Mexico. http://www.wildlife.state.nm.us/download/department/annual-
report/Annual-Report-Fiscal-Year-2016-New-Mexico-Game-Fish.pdf

Erickson, C.M. 1983. Age determination of Manitoban Walleyes using otoliths, dorsal spines, and scales. North
American Journal of Fisheries Management 3:176-181.

Gross, T. S., C. M. Wieser, M. S. Sepulveda, J. J. Wiebe, T. R. Schoeb, and N. D. Denslow. 2002. Characterization
of annual reproductive cycles for pond-reared Florida Largemouth Bass Micropterus salmoides floridanus.
American Fisheries Society Symposium 31:205-212.

Jackson, J.R. and R.L. Noble. 1995. Selectivity of sampling methods for juvenile Largemouth Bass in assessments of
recruitment processes. North American Journal of Fisheries Management. 15:408-418.

Patifio, R. 1997. Manipulations of the reproductive system of fishes by means of exogenous chemicals. The
Progressive Fish-Culturist 59:118-128.

Sellheim, M. Willmes, J.A. Hobbs, J.G. Glessner, Z.J. Jackson, and J.E. Merz. 2017. Validating fin ray
microchemistry as a tool to reconstruct the migratory history of white sturgeon Acipenser transmontanus.
Transactions of the American Fisheries Society 146:844-857.

Vaisvil, A., C. A. Caldwell, and S. Carleton. 2017. Natal source and the influence of environmental bottlenecks on
largemouth bass Recruitment in Elephant Butte Reservoir. Interim Annual Report. New Mexico Department
of Game and Fish.

Willmes, M., Glessner, J.J., Carleton, S.A., Gerrity, P.C., and J.A. Hobbs. 2016. 87Srl%Sr isotope ratio analysis by
laser ablation MC-ICP-MS in scales, spines, and fin rays as a nonlethal alternative to otoliths for
reconstructing fish life history. Canadian Journal of Fisheries and Aquatic Sciences 73:1852-1860.



Elephant Butte Reservoir

‘4

Kettle Top.

Figure 1. Study areas within Elephant Butte Reservoir that identifies from top to bottom Kettle Top, McRae
Canyon and The Jungles. The development of a figure using GIS is underway for the final report.



Kettle Top
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Figure 2. Water temperatures (°C) taken every 15 minutes at Kettle Top, a cove within Elephant Butte Reservoir from 15
March 2017 through 31 June 2017. The black bar indicates approximate onset of spawning (~18°C) of Largemouth Bass.



McRae Canyon (Outer)
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Figure 3. Water temperatures (°C) taken every 15 minutes at McRae Canyon (Outer) in close proximity to the main water
body of Elephant Butte Reservoir from 15 March 2017 through 31 June 2017. The black bar indicates approximate onset
of spawning (~18°C). Temperature gaps reflect missing data when the temperature logger was out of the water during
drawdown of the Reservoir.



McRae Canyon (Inner)
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Figure 4. Water temperatures (°C) taken every 15 minutes at McRae Canyon (Inner) furthest from the main water body of
Elephant Butte Reservoir from 15 March 2017 through 31 June 2017. The black bar indicates approximate onset of

spawning (~18°C). Temperature gaps reflect missing data when the temperature logger was out of the water during
drawdown of the Reservoir.
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The Jungles
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Figure 5. Water temperatures (°C) taken every 15 minutes within the Jungles cove of Elephant Butte Reservoir from 15
March 2017 through 31 June 2017. The black bar indicates approximate onset of spawning (~18°C). Temperature gaps
reflect missing data when the temperature logger was out of the water during drawdown of the Reservoir.

11



Table 1. Origin of largemouth bass, average length (mm) of stocked fish, approximate number, and date fish were
stocked into Elephant Butte Reservoir from 2011 to 2017. Data are from NMDGF stocking summary (E. Mammaoser,
NMDGF).

Fish Origin Fish Length (mm) Number Stocked Stocking Date
Miles City, Montana 4.1 68,000 August 7, 2011
Miles City, Montana via 6.4 5,383 July 16, 2012

Rock Lake State Fish
Hatchery, New Mexico

Rock Lake State Fish 9.1 6,479 July 16, 2012
Hatchery, New Mexico

Miles, City, Montana 5.3 36.900 August 13, 2015
Lonoke, Arkansas 7.6-10.2 20,000 March 23, 2015
Miles City, MT - 112,200 August 9, 2016
Miles City, MT - 100,100 September 2, 2017
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Table 2. 87Sr:®Sr ratios for otoliths and spines of largemouth bass from Rock Lake State Fish Hatchery (n = 10), Miles
City (n = 10), F&L Anderson (n = 10), and Elephant Butte Reservoir (n = 37). “-“ spines could not be collected due to

the small size of fish.

Origin

87Sr:86Sr Isotope Ratios

Otoliths

87Sr:86Sr Isotope Ratios

Spines

Rock Lake State Fish
Hatchery, New Mexico

Miles City, Montana
F&L Anderson, Arkansas

Elephant Butte Reservoir

0.7079 (0.7076-0.7082)

0.7093 (0.7090-0.7096)
0.7097 (0.7093-0.7099)

0.7098 (0.7095-0.7100)

0.7104 (0.7103-0.7106)
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Table 3. Natal origin for 254 largemouth bass collected from Elephant Butte Reservoir. Note that fish originating from
F&L Anderson and Rock Lake have not been identified using 8 Sr:8Sr ratios.

Natal Origin Count
Elephant Butte Reservoir 171
Miles City, Montana 23
Unknown 60
Total 254
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