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Understanding alligator gar movements and the importance of river connectivity  
through trace element analyses 

 

Project summary 

The alligator gar (Atractosteus spatula) is a large, mobile species, with a historically broad distribution: 
inhabiting large river systems ranging from inland Arkansas to the Gulf of Mexico. However, the 
importance of river connectivity for normal movements and the timing and relative use of estuarine and 
freshwater habitats are not well understood. This study will provide an initial understanding of these 
relationships through trace element analyses of calcified structures in alligator gar, which can be used to 
guide management and conservation of this species and other large-river fishes. 
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Peter J. Allen, Ph.D. – Assistant Professor, Department of Wildlife, Fisheries and Aquaculture, 
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8726 (fax), pallen@cfr.msstate.edu 
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rlholt@agfc.state.ar.us 
 
Richard Campbell – Hatchery Manager, U.S. Fish and Wildlife Service Private John Allen National Fish 
Hatchery, 111 Elizabeth St., Tupelo, MS 38802, 662-842-1341 (phone), 662-842-3215 (fax) 
Richard_Campbell@fws.gov  
 
Allyse Ferrara, Ph.D. – Associate Professor, Department of Biological Sciences, Nicholls State 
University, 223 Gouaux Hall, Thibodaux, LA, 985-448-4736 (phone), 985-493-2496 (fax) 
Allyse.Ferrara@nicholls.edu  
 
Dennis Riecke – Fisheries Coordinator, Mississippi Department of Wildlife, Fisheries and Parks Fisheries 
Bureau, 1505 Eastover Dr., Jackson, MS 39211, 601-432-2207 (phone), 601-432-2203 (fax) 
dennisr@mdwfp.state.ms.us   
 
Nathan G. Smith, Ph.D. – Fisheries Biologist, Heart of the Hills Fisheries Science Center, Texas Parks 
and Wildlife Department, Inland Fisheries, 5103 Junction Hwy, Mountain Home, TX 78058, 830-866-
3356 (phone), 830-866-3549 (fax), Nate.Smith@tpwd.state.tx.us  
 
James Hobbs, Ph.D. – Research Scientist, University of California, Davis, Interdisciplinary Center for 
Plasma Mass Spectrometry, 1 Shields Ave., Davis, CA 95616, 707-480-0188 (phone) 
jahobbs@ucdavis.edu  
 
Total project cost: $54,491 
State Wildlife Grant request: $27,381 
Matching Funds and In-Kind Services: $27,110 (Arkansas Game and Fish Commission, Mississippi State 
University) 
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Funding needs and conservation priorities 
 
Priorities for funding and conservation related to this project are listed under the “Fish” and 

“Habitat” sections of the Arkansas Wildlife Action Plan. There are two critical information needs that will 
be addressed by this project. The first is to identify barriers to connectivity for alligator gar. The second is 
to contribute to watershed planning processes for high priority streams related to the benefit of species of 
greatest conservation need.   

Alligator gar, a species of great conservation need, are large river fishes that are known to move 
for spawning and foraging, and move on a daily and seasonal basis. Migration barriers are likely 
impacting these movements, however, it is not known how much these fish move or at what life history 
stages movements may be most impacted. These are questions of great interest throughout the distribution 
of alligator gar. As a result, a large thrust of recent studies has been to identify the degree of movement 
exhibited by this species, and to understand life history related patterns in movement. Only by addressing 
these questions can this species be effectively managed and conserved. However, these types of studies 
are logistically difficult and expensive due to the habitats that these fish occupy, and the long distances of 
potential movements which may span river systems and state and regional boundaries. To address these 
movements, a less expensive alternative is needed, particularly early in the planning process that can be 
used to focus the efforts of future studies. The analysis of trace element concentrations, which are stored 
in calcified structures of fish, offers this possibility. Calcified structures, such as otoliths, retain trace 
element concentrations from the environment as fish grow, providing a retrospective look at movements 
and habitat use (Elsdon and Gillanders 2003). A number of recent studies have shown the usefulness of 
this approach (Allen et al. 2009, Clarke et al. 2007, Hobbs et al. 2007).  

The use of aquatic habitats in connected river systems and estuarine environments by large river 
fishes such as alligator gar can have important ramifications for watershed planning processes. Alligator 
gar utilize a wide variety of habitat types as a normal part of their life history, and exhibit a fairly broad 
salt tolerance from an early age (Suchy 2009). This species distribution ranges from Arkansas and 
Tennessee to the Gulf of Mexico. However, it is not known whether fish broadly range between 
freshwater habitats and estuarine habitats or remain in a relatively small area throughout their life. There 
is an indication that there is some population structuring (B. Kreiser, University of Southern Mississippi, 
pers. comm.), which may be related to spawning location fidelity. However, fish from inland regions are 
fairly euryhaline (D. Schwarz, Mississippi State University, unpublished data) and may move between 
fresh and saline habitats. Further, the degree of mixing between populations may be high at certain life 
history stages, even if fish do separate to spawn at particular locations, as has been found in a number of 
fishes (Hobbs et al. 2007, Israel et al. 2004, Lindley et al. 2008).  

There has been an integrated and concerted effort to understand alligator gar life history, 
movement, the importance of river connectivity and habitat use throughout this species distribution. The 
trace element analysis of otoliths provides a relatively inexpensive method for analyzing these questions, 
and can provide a broad comparison between regional differences in populations. To support these 
endeavors, a number of research partners have provided samples to make this project possible. This study 
provides an important next step in addressing knowledge gaps in connectivity and habitat use and aiding 
in the management and conservation of this species. 
 
Study Objective 
 

The objectives of this study are to measure trace element concentrations in alligator gar otoliths 
from Arkansas and surrounding populations to determine connectivity of the populations and use them to 
understand freshwater to saline water habitat use and life-history-based movements. This study will 
provide insight into determining if alligator gar make long-distance down-river movements to estuaries, 
whether dams such as those existing in Arkansas rivers restrict these natural movements, and how life 
history-based movements in alligator gar from Arkansas compare with other populations.  
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Expected Results and Benefits 
 
 Results of this study will provide Arkansas Game and Fish Commission (AGFC) fisheries 
biologists with an understanding of the distances moved by Arkansas alligator gar, and whether they are 
utilizing estuarine habitats at some point during their life history. Further, information will be generated 
to determine how these movements and habitat use compare with other populations of alligator gar in 
other portions of their distribution. This knowledge can be used to understand potential barriers to 
movement and migrations and habitat use, and direct management and conservation decisions related to 
alligator gar and other large river fishes within Arkansas, and in the surrounding region.  
 
Approach 
 
Collection of Arkansas alligator gar otoliths 

AGFC fisheries biologists will collect otoliths from alligator gar captured as a part of commercial 
fishing efforts on rivers in Arkansas. Otoliths will be used to age the fish, and fish will also be measured 
for body weight, total length and sex.  
 
Trace element analysis of otoliths 

Trace element analyses of otoliths will be conducted using Laser Ablation Inductively Coupled 
Plasma Mass Spectrometry (LA-ICPMS) by Dr. Peter Allen of Mississippi State University in 
collaboration with Dr. James Hobbs at the Interdisciplinary Center for Plasma Mass Spectrometry, 
University of California, Davis using methods similar to Allen et al. (2009), see Figure 1.  
 
 

 

 

B

Figure 1: Trace element analysis of 
freshwater to seawater transition in the 
calcified structure of a fish. (A) Calcified 
structure used for trace element analysis. 
Dark arrows denote annuli. White arrow 
denotes laser transect. Laser pits are visible 
in the growth zones between annuli.        
(B) Trace element signature showing the 
differences between fresh water and 
seawater signatures. Techniques used laser 
ablation inductively coupled plasma mass 
spectrometry. From Allen et al. (2009). 
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Calibration of trace element signal using alligator gar held in known salinities 
To understand the trace element “signatures” obtained from the Arkansas fish, trace elements will 

also be measured in alligator gar held in known salinities. These fish will be obtained from U.S. Fish and 
Wildlife Service Private John Allen National Fish Hatchery in Tupelo, MS. Fish (n=6/salinity) will be 
held at either freshwater (0 ppt), low-salinity estuarine water (8 ppt), or higher salinity waters (16 and 24 
ppt) for several months in order to establish stable trace element concentrations reflective of 
environmental concentrations in the otoliths. These experiments will be carried out at the Mississippi 
State University Aquatic Sciences Center. 
 
Comparison with other populations of alligator gar 

Comparison of otoliths obtained from Arkansas alligator gar will be made with alligator gar from 
other populations such as coastal Louisiana, inland Texas, and/or coastal Mississippi to understand how 
movements may be vary between the populations. These samples have already been collected by 
partnering fisheries biologists.  
 
Location of Work 

Otoliths (n=12) will be collected from alligator gar obtained from rivers in Arkansas, such as the 
Red River, by AGFC fisheries biologists. A separate group of alligator gar will be reared in known 
salinities at the Mississippi State University Aquatic Sciences Center. Additional samples from wild 
alligator gar have already been collected from coastal Louisiana, coastal Mississippi, and inland Texas to 
be used as comparisons for the Arkansas fish.  
 
Budget                           

       
Source Item     Total Costs         Cost Share  Grant         
Salary Expenses: 
One AGFC biologist @ $40/man-hour for 80 hrs/year   $3,200 $3,200          $0 
Principal investigator @ salary and fringe     8,296 8,296            0 
Graduate student @$1,771/month for 8 months   14,168 3,542  10,626 
 
Capital Expenses: 
Trace element analyses  
 Laser ablation ICPMS   $7,740 0 $7,740 
 Solution ICPMS     1,728                      0     1,728  
 Chemicals and supplies        500 0           500  
 Travel, room and board     2,000                      0    2,000  
 

Age and growth equipment 
 microscope slides     $100                    0       $100 
 microscope slide boxes       100                       0      100   
 digital calipers       500                       0           500        
 mounting medium       100                      0           100               
 Isomet saw blades     1,000                       0    1,000            
 miscellaneous expenses        500                         0              500              
 
Mississippi State University Overhead Expenses                           $14,559            $12,343  $2,216 
 
Project Totals $54,491           $27,381     $27,110          

             Total Project Cost        $54,491 
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       Matching Funds and In-Kind Services        $27,381 
        State Wildlife Grant Request         $27,110 
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