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Problem Statement and Implications: 

Brook Trout (Salvelinus fontinalis) are native to eastern North America and share similar 

resource requirements as other salmonids that inhabit cold, high elevation streams. The species has been 

widely introduced across the western U.S., and continues to compete with and extirpate native fishes, 

especially when in sympatry with native trout (Dunham et al. 2002; Ficke et al. 2009). In New Mexico 

and Colorado, native Rio Grande Cutthroat Trout (RGCT, Oncorhynchus clarkii virginalis) have declined 

due to loss of habitat and competition from non-native trout with over 55% of the conservation 

populations co-occurring with non-native trout (Bakevich et al. 2019). Both states are working to restore 

RGCT populations to their historic range often through the eradication of non-native fish populations 

(RGCT Conservation Team, 2013).   

Removal options for lotic Brook Trout are currently limited to piscicides and manual removal.  

Piscicides are effective (Binns 1966; Chadderton et al. 2001), but costly (Shepard et al. 2014), labor 

intensive, negatively affect the native fish (Dunham and Adams 2002), and the benthic insect 

communities upon which the fish rely (Vinson et al. 2010).  Additionally, negative public opinion toward 

treating streams with chemicals can periodically impede conservation efforts (J. Logan, Colorado Parks 

and Wildlife, pers. com.).  Manual removal by multi-pass electrofishing is species-specific (Shepard et al. 

2014) but has a highly variable success rate (Meyer 2006; Shepard et al. 2014; Ward et al. 2015) and is 

similar in cost to piscicide treatment (Dunham and Adams 2002; Shepard et al. 2014).  Meyer et al. 

(2006) concluded that attempting to manually remove fish by electrofishing from large streams would be 

unsuccessful and unrealistic.  Due to the constraints and variability of success of these removal options, 

an additional eradication method should be considered.    

Recent development of the Trojan male (hereafter, referred to as MYY) Brook Trout offers a 

species specific and cost-effective method of eradicating invasive Brook Trout. MYY only produce male 

offspring and will theoretically drive a wild Brook Trout population to 100% males and eventual 

eradication (Schill et al. 2016).  

The goal of the proposed work will be to use MYY Brook Trout to shift sex ratios of select 

populations of wild Brook Trout toward all male fish and eventual extirpation of the population. Thus, 

our objectives will be to: 1) compare survival reproduction, and growth rates of MYY Brook Trout and 

wild Brook Trout; and 2) determine if the sex ratio of wild Brook Trout shifts in male dominance in year 

1 and year 2.  

Briefly stated, three streams were selected and characterized to assess potential use as treatment 

streams to receive MYY Brook Trout.  It was deemed important that these streams were home to viable 

wild Brook Trout populations and contained barriers that limited emigration and immigration of wild and 

MYY Brook Trout.  Thus, three entire stream reaches (Leandro Creek, Rito de los Pinos, and Placer Creek) 

were characterized and short (100 m) permanent reaches were randomly selected to obtain fish 

abundance.  In Summer 2018, abundance was calculated and then extrapolated to the entire stream reach 

(i.e., barrier to barrier) for each wild Brook Trout population. Then, 50% of the estimated population was 

removed from each stream and equal numbers of MYY Brook Trout were stocked into each stream (Table 

1). Care was taken to suppress and stock the populations evenly across the stream reaches. Fin clips were 

taken from MYY Brook Trout in the hatchery and from a random assortment of wild Brook Trout removed 

from each stream. These fin clips will be sent to Abernathy Fish Technology Center (AFTC) to construct 

a genetic marker profile for each population. The genetic marker profile will create a baseline reference 

by clustering individuals into separate populations based on multilocus genotype data (Pritchard et al. 

2000; Campbell et al. 2015). The genetic profile of each population will allow us to assign 2019 and 2020 

YOY individuals to either the MYY or wild reference population. In addition, the genotypic gender 

assignment of each fish will be compared with the phenotypic gender assignment to confirm the 

accuracy of the Brook Trout genetic sex marker. If the genetic sex marker is accurate for each 

population, the genotypic gender assignments will be used to determine the sex ratio for 2019 

and 2020 cohorts of YOY Brook Trout from each treatment stream. It will also be used to 

confirm each MYY Brook Trout F1 progeny is a male.  
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In September 2018, two months post stocking, the entirety of each stream was electrofished to 

begin apparent survival estimates. In June 2019, each permanent reach was surveyed again, and the wild 

Brook Trout population was estimated by stream-wide extrapolation. This brings us to the 

accomplishments from July 2019 to December 2019.  

 

Accomplishments (7/1/2019 – 12/31/2019): 

Wild Brook Trout Suppression- July 2019: From our June 2019 abundance estimates, we systematically 

removed fifty percent of the wild Brook Trout population throughout the entire length of each inhabited 

stream to insure an even distribution of remaining fish (Table 2).  

 

Brook Trout MYY 2019 Cohort Tagging and Stocking- July 2019: At the State Hatchery, fingerling MYY 

Brook Trout (2019 cohort) were weighed and measured for total length. An 8 mm PIT tag was inserted 

into the dorsal musculature for apparent survival estimates and instantaneous growth measurements. 

Adipose fins were clipped as a batch mark for identification in the field. These MYY Brook Trout were 

evenly distributed into each of the three treatment streams replacing 50% of the suppressed wild Brook 

Trout populations (Table 2).   

 

Assessment of MYY and Wild Brook Trout Sexual Maturity: In September (60 d post-stocking), each 

treatment stream was electrofished and all captured fish were scanned for a PIT tag, measured, and 

expressed for presence of milt (Table 3). This information also informed population estimates for the 

2018 MYY cohort, 2019 MYY cohort, and wild Brook Trout (Table 4).  

 

Survival Analysis: The July suppression and September sexual maturity trips also served as a capture 

event for Cormack Jolly Seber analysis (CJS). Each captured Brook Trout was determined to be MYY or 

wild, and scanned for a PIT tag. CJS apparent survival estimates for the 2018 MYY cohort are provided in 

Table 5.  

 

Ageing Analysis: A random sample of wild Brook Trout were collected during the suppression event in 

June 2019 (~100 per stream). These fish, ranging in sizes from 30 mm to 250 mm (n ≈ 400), were 

euthanized in lethal concentrations of anesthetic (200 mg/L; MS-222) and immediately preserved in 95% 

ethanol. The wild Brook Trout were returned to the laboratory at NMSU to obtain lengths and age. At the 

time of this report, the left otolith from all 2018 and 2019 fish have been adhered to slides, sanded and 

polished to enhance the annuli. Three readers were unable to agree on age in wild Brook Trout from both 

Leandro and Rito de los Piños streams. The growing seasons in these two streams have either been too 

short or the fish have experienced stressors related to temperature or food shortages that have altered the 

seasonality of overwintering growth checks (darker bands) and summer growth expansion (lighter bands). 

However, annuli in wild Brook Trout otoliths from Placer Creek can be clearly seen. A set of training 

slides were developed from the Placer Creek population and three readers trained from these slides.  

 

Genetic Analysis: In September 2019, fin clips were collected from young of year (YOY) wild Brook 

Trout from each stream (Table 6). All fin clips will be submitted to the AFTC for assignment of the YOY 

to one of the aforementioned baseline populations (Leandro Creek, Rito de los Pinos, Placer Creek, Rio 

Bonito, or hatchery MYY Brook Trout) and to confirm sex. Using an admixture model in the program 

STRUCTURE, the genetics contractor will assign individuals to a population, or combination of 

populations.  This is accomplished by estimating the proportion of an individual’s genome and comparing 

this to the reference populations. Individuals are probabilistically assigned to populations using Markov 

Chain-Monte Carlo samples (Pritchard et al. 2000; Manel et al. 2005; pers. Comm. M. Campbell, IDFG). 

The YOY sex ratio will also be assessed by the AFTC by the genetic sex marker (SexY_Brook1 or sdY).  
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Tag retention:  At the beginning of the project, 246 MYY Brook Trout were transported to the NMSU 

Fisheries Research Laboratory to assess tag retention and post-tagging mortality. These fish have been 

scanned monthly to determine tag retention and regrowth of the adipose fin.  Fifteen fish were euthanized 

each month (from August 2018 to May 2019) and necropsied to examine testes development. We plan to 

continue scanning and checking fish for tag retention and regrowth of the adipose fin.  These MYY Brook 

Trout held have did not exhibit post-tagging mortality. The tag retention rate over ten months has been 

98%. Every adipose fin clip is still identifiable as of 12/15/2019 (the time of this report). 

 

 

Table 1. Population estimate across all inhabited portion of stream for wild Brook Trout (BT; 95% CI), 

total wild Brook Trout suppressed, and total MYY Brook Trout stocked into each stream in 2018.   

Stream Wild BT population estimate Wild BT removed MYY Stocking Numbers 

Leandro  2102 (2021 – 2213) 1002 1059 

Placer  1388 (1348 – 1427) 702 697 

Rito de los Piños 628 (608 – 646) 319 318 

 

 

 

Table 2. Population estimate across all inhabited portion of stream for wild Brook Trout (95% CI), total 

wild Brook Trout suppressed, and total MYY Brook Trout stocked into each stream in 2019.  

Stream Wild BT population estimate Wild BT removed MYY Stocking Numbers 

Leandro  1540 (1426 – 1696) 557 772 

Placer 926 (891 – 967) 460 463 

Rito de los Piños 915 (876 – 954) 407 458 

 

 

 

Table 3. Percentage of individuals expressing milt captured late September 2019.  MYY : Wild BT is the 

percentage of MYY expressing milt out of all fish expressing milt.  

              Stream 2018 MYY Cohort  2019 MYY Cohort      MYY : Wild BT 

Leandro           81.1%           8.7%             55.9% 

Placer           33.6%           1.1%             35.5% 

Rito de los Piños          75.0%           13.2%             59.5% 

 

 

 

Table 4. Population estimates for mark-recapture late September 2019 using Lincoln Petersen estimator 

(95% confidence intervals).  

Stream 2018 MYY Cohort 2019 MYY Cohort Wild BT Trout  

Leandro 625 (550 - 723) 372 (348 - 404) 1400 (1310 - 1504) 

Placer 130 (111 - 161) 284 (228 - 367) 904 (797 - 1036) 

Rito de los Piños 105 (79 - 157) 280 (216 - 377) 792 (667 - 957)  
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Table 5. Cormack Jolly Seber apparent survival estimates for 2018 MYY cohort by stream. Estimates are 

from the top ranked model (AIC) and have not been standardized for unequal time between capture 

events.  

Stream φ July 18' - September 18' 95% CI φ September 18' - July 19' 95% CI 

Leandro 0.79 0.73 - 0.84 0.58 0.53 - 0.63 

Placer 0.68 0.61 - 0.74 0.44 0.38 - 0.50  

Rito de los Piños  0.70 0.63 - 0.77 0.47 0.40 - 0.53 

 

 

Table 6. Number of genetic samples collected from Brook Trout by sample origin and year. The 2018 

samples are the baseline reference samples and the 2019 samples are YOY from each stream or the 2019 

MYY cohort.  

Sample origin 2018 2019 

Hatchery MYY 100 100 

Leandro Creek 100 100 

Placer Creek 100 100 

Rito de los Piños 100 82 

Little Vermejo 86 77 

Rio Bonito  98 - 

Total  584 559 

 

 

 

Upcoming Schedule: 1/1/2020 – 6/30/2020 

Jan 2020 Oral presentation at the Joint Annual Meeting of the Arizona and New Mexico 

Chapters of the American Fisheries Society and The Wildlife Society and the Rio 

Grande Cutthroat Trout Conservation Team Annual Meeting, Santa Fe (January 27) 

Jun 2020 Depletion estimates across three treatment populations to obtain population 

abundance estimates for suppression in July 2020. Complete age analysis of Placer 

Creek Brook Trout population.  

Jun 2020 Submit interim report to NMDGF 

 

 

Account Balance (as of 11/19/2019): $22,997.85 

Disbursement from 7/1/2019-11/19/2019 

Salary and Labor $18,208.92 

Travel  $2,038.22 

Materials and Supplies $660.00 

Sub-Total $20,907.14 

NMSU IDC (10%) $2,090.71 

Total  $22,997.85 
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Figure 1. MYY Brook Trout in full breeding colors captured out of main beaver pond  

on Leandro Creek late September 2019.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Non-milt expressive MYY Brook Trout (top), milt expressing MYY Brook  

Trout (middle), and wild Brook Trout (bottom) captured on Leandro Creek late  

September 2019.  
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