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INTRODUCTION 
Fish stocking programs are used to compensate for limited natural reproduction, 
reintroduction, recovery of threatened and endangered species, and to reach management 
population objectives in waterways.  Fisheries managers have stocked millions of small 
razorback suckers (Xyrauchen texanus) in the mainstream and larger tributaries of the 
Colorado River with little or no success for three decades (Mueller 2006, Schooley and 
Marsh 2007).  More recently, managers have adopted a repatriation program to introduce 
larger suckers (30–50 cm) to improve post-stocking survival rates (Mueller 2003). Stock 
augmentation of subadult and adult razorbacks may decrease the risk of predation and 
increase the spawning success of these individuals.  Mueller (2003) indicates that 
stocking returns are less than 12% and stocking efforts are inadequate for species 
recovery.  One of the primary challenges in measuring stocking success is to locate and 
recapture adequate numbers of fish after release. Unfortunately, this has been difficult 
due to poor post-stocking survival.  Stocking success seems to vary among cohorts and 
some year classes are more prevalent during population sampling.  Quality of hatchery 
fish, stocking size and densities, stocking-related effects, release site location, and river 
conditions might all play a role in the survival of some year classes over others.  
Hatchery production and stocking protocols have been generally determined by logistics, 
politics, and convenience.  Past stocking efforts have been greatly affected by predation 
and seemingly poor conditioning and quality of fish upon release (Marsh and Brooks 
1989, Burdick and Bonar 1997, Mueller and Foster 1999, Burdick 2003).  Several 
researchers have questioned the manner in which hatchery fish are raised, transported, 
and stocked but few studies have examined these issues (Marsh and Brooks 1989, 
Mueller and Foster 1999, Mueller 2003).  Stocking success of extirpated or endangered 
fishes is dependent on a species’ ability to adapt to present environmental conditions, 
coexist in current fish communities, and reproduce.  Reintroduction of native fishes to 
their historical ranges may prove to be more difficult than anticipated if managers do not 
recognize all the factors that caused their original decline.  Determining favorable 
conditions that have led to the success of some groups after stocking on the lower 
Colorado River is vital to maintaining razorback populations under the Lower Colorado 
River Multi-Species Conservation Program. 
 
Preliminary fin ray aging data performed by Bio-West, Inc., suggested there are year 
classes that show up much more strongly than others during population monitoring and 
sampling (Brandon Albrecht, personal communication).  It appears that environmental 
and fish-related conditions may have favored stocked fish survival in certain years more 
than others.  From fin ray aging data of collected razorback and analysis of past stocking 
records, we attempted to determine if correlations exist among age and cohort 
frequencies with hatcheries, hatchery techniques, stocking methods, and stocking 
locations, and other factors that might influence overall fish health and survival. 
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METHODS 
Over 300 razorback suckers were captured using trammel nets and electrofishing from 
known sucker habitats (Park Moabi, Topock Marsh, Blankenship, Pulpit Rock, Golden 
Shores, Castle Rock backwaters, and North Needles) on the Colorado River (Reach 3; 
Figure1) between Davis Dam and Lake Havasu Delta during spring and fall surveys in 
2008 and 2009 (Figures 2 and 3).  Trammel netting primarily occurred in backwater 
habitats of Topock Gorge down to Lake Havasu Delta, whereas electrofishing activities 
were focused at Park Moabi, Golden Shores, Needles Bridge, and North Needles along 
the Colorado River.   
 

 
Figure 1.—Map of the Colorado River between Lakes Mohave and Havasu  

where sampling occurred during spring and fall surveys 2008–2009. 
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Figure 2.—Reclamation and Fish and Wildlife Service biologists electrofishing 

for population monitoring and tissue sample collection. 
 
 
 

 
Figure 3.—Reclamation biologists retrieve trammel nets to obtain fish  

population data for endangered Colorado River fishes and to  
obtain fin ray samples for aging. 
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A small section of razorback sucker pectoral fin ray was collected from each fish caught 
by severing the second pectoral fin ray, perpendicularly to the ray, 1 cm from the base 
with specialized fin ray chisel clippers (Figure 4).  This method poses little health and 
survival risk to the fish and does not require sacrifice (compared to otolith aging).  
Recaptures during the spring 2009 survey were completely healed from the previous 
fall’s fin ray sampling 4 months prior.  Fish were measured (TL), weighed, sexed, and 
scanned for PIT and wire-coded tags, and quickly returned to the water.  Pectoral fin ray 
samples were dried and sent to Bio-West, Inc. (Logan, Utah) for aging.  Fin ray samples 
were cross-sectioned, polished, slide mounted, and aged by counting annuli with the aid 
of a microscope for each fish (Figures 5 and 6).  After aging, fin ray samples were sent to 
the University of California, Davis Interdisciplinary Center for Plasma Mass 
Spectrometry for quantifying 86Sr:88Sr isotopic ratios (Portz et al. 2010). 
 
Aging data were compared to past stocking information located in the Native Fish Work 
Group Lower Colorado River database; where correlations among survival, abundance, 
and documented stocking data were analyzed to expose possible trends. 
 
 

 
Figure 4.—Sampling a razorback sucker pectoral fin ray by severing the second pectoral fin ray, 

perpendicularly to the ray, approximately 1 centimeter from the base with specialized 
fin ray chisel clippers. 
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Figure 5.—Bio-West, Inc., biologists sectioned, polished, and mounted fin ray cross-sections to 

microscope slides before age determination under a microscope.  Photograph 
courtesy of Bio-West, Inc. 

 
 

 
Figure 6.—Cross-section of a razorback sucker fin ray viewed under a microscope depicting 

annuli growth rings.  Photograph courtesy of Bio-West, Inc. 
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RESULTS AND DISCUSSION 
Capture data and related stocking information for 318 razorbacks are shown in  
Appendix 1.  Of the 318 fish that were captured and had passive integrated transponder 
(PIT) tags, 127 were of known hatchery origin according to the Native Fish Work Group 
Lower Colorado River database (http://nativefishlab.net/nfwg).  There were 34 fish that 
had been previously PIT tagged but were given a new PIT tag upon release. However, 
there was no information associated with the old PIT tags and all information in the 
database reflects recent information since recapture.  Incomplete stocking records make it 
challenging to verify successful events and year classes.   
 
Aging data from sampled razorback suckers showed a bimodal distribution with 
individuals ranging from 3–22 years (Figure 7 and Appendix 1).  The two peaks revealed 
a strong emphasis within the perspective age classes to past Bubbling Ponds Fish 
Hatchery stockings and more recent Willow Beach National Fish Hatchery successes.  
Fish were identified using PIT tag information from eight different sources (Table 1).  
Aging data also revealed that a number of older stocked individuals (14+ years) still 
inhabit the river.  Stocking success seems to vary among cohorts, and some year classes 
are more prevalent during current population sampling.  However, increased number of 
capture occurrences is directly correlated with increased stocking numbers in specific 
years (Figure 8)  and locations (Table 2).  These data are reflected in the population 
structure.  Fish stocked more recently in 2007 and 2008 are recaptured more often than 
fish stocked in years past (Figure 8).  

 
Figure 7.—Age distribution of razorback suckers captured.  Percent age of the total 

fish capture is depicted by the histograms and number of individual is 
provided above each bar. 
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Table 1.—Rearing location percent occurrence of 318 sampled razorback suckers. 

Rearing Location % of Total 

Unknown 
Willow Beach 
Emerald Canyon 
Bubbling Ponds 
Dexter 
North Chemehuevi 
Hualapai Tribe 
Bulkhead Cove 
Achii Hanyo 

61.44 
34.17 
1.25 
0.94 
0.63 
0.31 
0.31 
0.31 
0.31 

 
 
 
 
 
 
 

 
Figure 8.—Year class for fin ray sampled razorback suckers and recapture rates.  Fish stocked 

more recently in 2007 and 2008 are recaptured (red line) more often than fish stocked 
years past. 
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Table 2.—Stocking locations of the 318 sampled razorback suckers. 

Stocking Location % of Total 

Unknown (Mostly 9–22 years old) 
Needles Dredge Yard 
Park Moabi 
Laughlin lagoon 
Office Cove 
Pulpit Rock Cove 
Bill Williams River National Wildlife Refuge 
Telephone Cove 
Takeoff Point 
Mesquite Bay 
Lake Havasu 
Chemehuevi Cove 
Bulkhead Cove 
24 River Mile 

60.25 
17.98 
14.51 
1.89 
1.58 
0.95 
0.63 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 

 
 
While fin ray aging provides an important age structure information and distribution of 
the current population, results demonstrate the limited utility of fin ray aging to determine 
hatchery origins because of inherent aging challenges and variation in age upon release.  
It is difficult to determine dates the sampled razorbacks were stocked based on fin ray 
annuli aging.  Many variables combined to make the accuracy of using aging back-
calculation to estimate past stocking events questionable.   
 
Firstly, the method using capture dates to estimate stocking dates assumed that fish were 
4–5 years old upon stocking.  In actuality, fish were released upon reaching 
approximately 300 mm.  Although the majority of razorback may be around 4–5 years of 
age at 300 mm in length, this is not true of all fish.  Fish <300 mm may be provided 
additional time in the hatchery before release the subsequent season or year, and faster 
growing individuals are often stocked sooner than their cohort adding to the uncertainty 
of definitive age at release.  A conservative estimate of the precision of age at release is 
therefore ±1 year due to the differences in growth time it takes a razorback to grow 
300 mm (4–5 years).  Three examples of the large age variation within each stocking year 
can be seen from aging data of more recent stocking years (Appendix 1): aging data for 
fish allegedly stocked in 2006 should be 6–7 years, however these fish were aged at  
4–10 years; 2007 should be 5–6 years, however these fish were aged at 4–10 years; and 
2008 should be 4–5 years, however these fish were aged at 3–10 years.  These data reveal 
the variability and doubtfulness of using this technique to determine specific stocking 
occurrences.  Adding to the uncertainty, fish have been stocked at much younger ages in 
the past (i.e., fry and 50–175 mm TL), making it impossible to determine age at release 
unless individual fish were PIT tagged and hatchery data recorded upon stocking.   
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Secondly, aging using fin rays is difficult, subjective, and has an inherent level of error  
(± 1–2 years), bringing the total accuracy of release date estimates to within 2–3 years or 
more.  Finally, there may be multiple stocking events per year (i.e., sometimes two 
according to the data set), so when the year of release is predicted, the exact date is still 
unknown. 
 
Background data were identified for 127 of the captured razorbacks.  Because the actual 
stocking date was known for each of these samples, these data were analyzed to 
determine the rate of accuracy in estimating release dates using the capture date for a 
reference point.  Of the 127 samples, stocking dates for 52 fish (or 41%) were estimated 
to within 1 year.  There were inadequate fin ray samples from 12 fish (or 9%) for which 
age could not be determined.  Therefore, these samples could not be used in estimating 
release dates.  Stocking dates for 63 fish (50%) were estimated incorrectly (to within 2 or 
more years).  Using known data to test the reliability of the aging data and the growth 
time to reach 300 mm demonstrated a low rate of accuracy and high degree of variability. 
The low accuracy rate combined with the various other factors that can lead to imprecise 
estimates indicates that using data from the 318 captured fish to estimate stocking date 
does not appear to be practical. 
 
Exact stocking dates can be provided for the razorbacks with known histories. Table 3 
lists the hatchery origins, stocking dates, and stocking locations for the most successful 
razorback stocking efforts (based on the highest capture rates) from the sample of 127.  
This list does not include the stocking dates that were represented by three captured fish 
or less. Based on this sample, the stocking event on March 19, 2008 was by far the most 
successful, with captures of 34 fish released from the Park Moabi location and 10 fish 
released from the Needles Dredge Yard location on that date.  The Needles Dredge Yard 
release site was the most successful stocking location, with 57 fish captured that had been 
released on 3 different dates.  While the Needles Dredge Yard and Park Moabi offer 
some of the best stocking locations in Reach 3, the higher capture occurrence of fish 
stocked from these two locations most likely represents the proximity to our sampling 
locations (Table 4).  There were only two stocking locations represented, however, the 
other one being the Park Moabi release site from which 45 fish were captured.  The 
Willow Beach National Fish Hatchery was the only hatchery from which all fish 
originated. 
 
 
Table 3.—Hatchery origins, stocking dates, and stocking locations for the most successful 

razorback stocking efforts based on known information of fish captured (n=127). 

 

Hatchery Origin Stocking Dates Stocking Location # of Fish 
 Captured 

Willow Beach National Fish Hatchery 
Willow Beach National Fish Hatchery 
Willow Beach National Fish Hatchery 
Willow Beach National Fish Hatchery 
Willow Beach National Fish Hatchery 

3/19/2008 
4/12/2007 
11/1/2006 
11/2/2006 
3/19/2008 

Park Moabi 
Needles Dredge Yard 
Needles Dredge Yard 
Park Moabi 
Needles Dredge Yard 

34 
25 
22 
11 
10 
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Table 4.—Percent occurrence of stocking locations for fish stocked during  

2006–2008 (3–8 years old) of sampled razorback suckers. 

Stocking Location % of Total 

Needles Dredge Yard 
Park Moabi 
Unknown 
Laughlin Lagoon 
Bill Williams River National Wildlife Refuge 
Pulpit Rock Cove 

48.1 
33.3 
11.1 
4.6 
1.9 
0.9 

 
 
Results suggest a reevaluation of the hatchery practices of those hatcheries that did not 
make significant contributions to the population.  Since the sampling protocol employed 
in this study was focused on a relatively localized area during what is thought to be 
spawning migrations, it is possible that fish from other hatcheries may reside in areas not 
sampled or may not exhibit a migratory spawning behavior.  However, this may not be 
likely based on unpublished data (R. Wydoski) which has shown that fish 
captured/stocked at numerous locations in Reach 3 have all keyed on the spawning 
population in Needles, and there has been little evidence of other groups based on netting 
and telemetry.     
 
Quality and quantity of hatchery fish, stocking-related effects, and release site location 
might all play a role in the disparate survival of some year classes.  To our knowledge, no 
previous attempt has been made to analyze stocking locations for any of the endangered 
fishes in the lower basin.  A further analysis of past stocking records and better data 
management of current practices is needed.  Future stocking events may benefit from past 
stocking accomplishments but without recorded data, the successes of the past cannot be 
fully understood.  Past razorback suckers stocking efforts have been impacted by 
predation and apparently poor conditioning which may lead to mortality, however few 
studies have examined these issues in this system (Marsh and Brooks 1989, Burdick and 
Bonar 1997, Mueller and Foster 1999).  The choice of stocking site locations has been 
generally driven by logistics, politics, and convenience. More often than not, fish are 
stocked at the closest accessible location to the rearing ponds or hatcheries and these sites 
have varied throughout the river. 
 
Information of natal origins, hatchery procedures, and stocking practices of repatriated 
razorback suckers, successfully introduced under the Lower Colorado River Multi-
Species Conservation Program, a long-term, multi-agency effort to conserve and work 
towards the recovery of endangered species, will be helpful in understanding the 
composition and history of razorback suckers in the Colorado River.  This study 
highlights future research needs regarding hatchery operations and continued stocking 
efforts.   
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RECOMMENDATIONS 
• All stocked fish should receive PIT tags to track the success of individuals and 

stocking efforts—minimal cost for the scale of the recovery effort. 

• Uniform stocking procedures should be required for all hatcheries and grow-out 
facilities. 

• Stocking data need to be acquired and compiled in a single data base that is accessible 
to all agencies. 

• Thorough stocking program evaluations should be performed for improvement and 
directing quantifiable goals and objectives. 

• Fish need to be acclimated to release site water quality for greatest chance of survival. 

• Protection from predators should be implemented during the acclimation period by 
using net pens or impoundments. 

• Releases and release site locations needs to be timed with seasonally and spatially 
available food supply. 

• Stocking of native fishes should be to areas that poses suitable habitat for species 
conservation. 

• Native fishes must not be stocked upon existing and established nonnative fish 
communities. 

• Predators should be removed from release sites by electrofishing or gill netting. 

• Assess whether the goals and objectives of native fishes recovery efforts can co-exist 
with the management of sport fishes. 
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