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 The shortnose sturgeon is endangered because of over-harvest, habitat 

degradation, and a shrinking range.  The current status of most populations remains 

unknown.  From 2007 to 2009, I collected mark-recapture, telemetry, and habitat 

suitability data to assess the population dynamics and movements of shortnose sturgeon 

in the Ogeechee River, Georgia.  Over the three years of my study, abundance, survival, 

and temporary emigration estimates, combined with documented movement of fish 

between rivers and poor summer habitat quality in the Ogeechee River, provided clear 

evidence that Ogeechee River stock of shortnose sturgeon is not a discrete population.  I 

propose that the Altamaha and Ogeechee rivers form a source-sink metapopulation in 

regards to shortnose sturgeon.  The results of this study fulfill many goals of the species’ 

recovery plan.  My methods are an effective tool for evaluating population dynamics, 

movements, and habitat suitability of other shortnose sturgeon populations. 
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The shortnose sturgeon, Acipenser brevirostrum, is one of the most 

endangered members of the sturgeon family because of depressed population levels 

and a shrinking range (Bain et al. 2000, Jelks et al. 2008).  Shortnose sturgeon are a 

typical member of the family Acipenseridae: long-lived and late maturing (Vladykov 

and Greeley 1963).  The shortnose sturgeon has been listed as a federally endangered 

species since 1967 and became a charter member of the Endangered Species Act 

(ESA) in 1973 (National Marine Fisheries Service (NMFS) 1998).  Because of an 

international range, the shortnose sturgeon is also a species of special concern in 

Canada and is listed on the International Union for Conservation of Nature and 

Natural Resources Red List of Threatened Species (Friedland and Kynard 2004).  The 

shortnose sturgeon has a global conservation status rank of G3 (Jelks et al. 2008), 

indicating that it is a vulnerable species.  In Georgia, the species has a conservation 

status rank of S2 (Freeman et al. 2009), indicating that it is imperiled. 

Historically, shortnose sturgeon were distributed among 25 river systems on 

the Atlantic coast of North America from the Saint John River in New Brunswick, 

Canada to the St. John’s River, Florida (Figure 1.1), although some of these 

populations have been extirpated during the 20
th

 Century (Vladykov and Greeley 

1963, Kynard 1997, NMFS 1998).  Based on genetic evidence (Waldman et al. 2002) 

the mid-Atlantic bight represents a division between northern and southern stocks.  

Unlike sympatric populations of the anadromous Atlantic sturgeon, A. oxyrinchus 

oxyrinchus, shortnose sturgeon are amphidromous, migrating from coastal rivers to 

estuarine and marine habitats for reasons other than spawning (Bemis and Kynard 
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1997).  This migratory behavior makes management of shortnose sturgeon 

populations particularly difficult because the range of habitats they require. 

Prior to their listing under the ESA, shortnose sturgeon were commercially 

exploited for both meat and roe throughout much of the 19
th

 and early 20
th

 centuries 

(NMFS 1998).  Despite the four decades of federal protection, however, most 

populations have not recovered (Bain et al. 2007).  Unfortunately, many remnant 

populations, such as that in the Ogeechee River, Georgia, are susceptible to a variety 

of problems including habitat degradation, loss of genetic diversity, and stochastic 

drift (Wirgin et al. 2005).  Long-term recovery of shortnose sturgeon will require a 

detailed understanding of the specific habitat needs of the species, but understanding 

basic life history of shortnose sturgeon is a key first step to immediate recovery 

efforts. 

Currently, most shortnose sturgeon populations face multiple threats to 

recovery.  In the Altamaha River, Georgia, for example, shortnose sturgeon are 

caught incidentally in commercial fisheries targeting American shad, Alosa 

sapidissima (Heidt and Gilbert 1978, Collins et al. 2000, Peterson and Fleming 2008).  

Bycatch of shortnose sturgeon also has been documented in the Ogeechee River shad 

fishery, (Weber 1996).  Although the total numbers of sturgeon captured may be 

small, the commercial shad season in Georgia is open from January – March, 

coinciding with the upstream spawning migrations of shortnose sturgeon.  Although 

new studies of bycatch in these fisheries are now underway (Peterson and Fleming 

2008), results of previous studies in South Carolina suggest that mortality of 
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shortnose sturgeon in commercial shad fisheries is likely suppressing recovery of 

some populations (NMFS 1998, Collins et al. 2000). 

Construction of dams threatens the survival of many sturgeon populations.  

Dams alter the natural flow and temperature regimes, which could lead to decreased 

water quality (Jager et al. 2002).  However, dams may be most damaging to shortnose 

sturgeon populations by blocking upstream migration to suitable spawning areas 

(NMFS 1998).   

Life History 

Shortnose sturgeon exhibit latitudinal differences in life histories (Kynard 

1997), for example shortnose sturgeon grow faster and mature at a younger age in 

southern populations than they do in northern populations (Heidt and Gilbert 1978, 

Dadswell 1979).  Shortnose sturgeon are estimated to live less than 20 years in the 

south (Rogers and Weber 1994; Fleming et al. 2003) but nearly 70 years in the north 

(Dadswell 1979).  Shortnose sturgeon mature by 500 – 600 mm total length, which is 

reached by 2-3 years of age in males and 3-5 years of age in females in southern 

populations and 5-10 years of age in northern populations (Dadswell 1979, Kynard 

1997).  Southern shortnose sturgeon spend fewer years between spawning runs than 

northern populations because of a shorter lifespan in the south (Dadswell 1979, 

Kynard 1997). 

Many life history differences between northern and southern populations of 

shortnose sturgeon are likely attributable to latitudinal differences in climate.  In 

southern rivers, adults spawn about a month earlier than in northern rivers, as spring 

water temperatures in this region warm more quickly (Vladykov and Greeley 1963).  
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Summer is typically the feeding season in the north because water temperatures are 

more physiologically tolerable than in the south, where summer water temperatures 

may exceed 30°C.  Telemetry studies have shown that southern shortnose sturgeon 

frequently inhabit brackish and marine habitats during cooler months, becoming 

increasingly tolerant of salinity as water temperatures decline below 25°C (Collins et 

al. 2001, Collins et al. 2002).  Recent studies by DeVries (2006) show that shortnose 

sturgeon in the Altamaha River lose weight during the summer months when they are 

apparently restricted to freshwater riverine habitats.  Although further studies are 

needed to quantify the physiological tolerances of shortnose sturgeon, seasonal 

movements and changes in condition suggest that southern shortnose sturgeon may 

use brackish and marine estuarine habitats as primary feeding areas, particularly 

during the non-summer months (DeVries 2006). 

The timing and periodicity of spawning migrations of shortnose sturgeon vary 

with latitude, although spawning habitat is similar among populations.  In southern 

populations, males typically spawn every 1-2 years; females every 3-5 years 

(Dadswell 1979).  In northern populations adults in spawning condition begin to 

migrate upriver from late January to mid-February, with spawning occurring when 

temperatures are between 9–12°C (Hall et al. 1991).  Spawning typically occurs in 

mid-channel areas of river bends over coarse gravel or rock substrates.  Current 

velocities of 52 – 104 cm/sec are necessary to disperse the demersal, adhesive eggs, 

which hatch after 5-9 days at water temperatures of 12–20°C (Dadswell 1979, 

Buckley and Kynard 1985, Hall et al. 1991, Kynard 1997). 
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  Upon hatching, shortnose sturgeon are photonegative, seeking cover in the 

interstitial spaces of the substrate and under benthic debris.  During this “pro-larval” 

stage, they feed exclusively on their yolk-sacs and are largely sedentary.  By day 12-

14, the yolk-sac is completely absorbed, prompting the metamorphosis into the larval 

stage (Richmond and Kynard 1995, Kynard 1997, Kynard and Horgan 2002).  As true 

larvae, shortnose sturgeon become photopositive, leaving the substrate and drifting 

downstream for about two days or until they find freshwater habitats with suitable 

cover (Richmond and Kynard 1995).  During this period, the larvae also begin 

exogenous feeding as they search for planktonic prey within the water column 

(Richmond and Kynard 1995, Kynard and Horgan 2002). 

 The juvenile stage begins around day 40 and lasts from 2-5 years in southern 

rivers (Gilbert 1989, Richmond and Kynard 1995, Kynard 1997).  After their first 

year in freshwater riverine habitats, juveniles again migrate downstream until they 

reach brackish estuarine environments that are co-inhabited by adults (Kynard 1997).  

At this point in their development, the fish are primarily nocturnal; using their barbels 

and protrusible mouths to seek and capture benthic invertebrates such as oligochaetes, 

insects, mollusks, and small crustaceans (Vladykov and Greeley 1963).  Mud, stones, 

and wood chips may comprise up to 90% of a juvenile’s stomach content, but these 

are rarely found in adult stomachs (Dadswell 1979).  This difference in stomach 

contents may indicate inefficiency in juvenile shortnose sturgeon feeding habits or a 

shift in diet as sturgeon mature.  Because preferred habitats of juveniles and adults 

largely overlap, differences in their diets are not likely a result of differences in prey 

availability. 
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After their first year of life, juveniles typically make seasonal movements that 

are influenced by habitat preferences defined by their physiological tolerances of 

water temperature and salinity (Ziegeweid et al. 2008b).  Because shortnose sturgeon 

become intolerant of salinity at higher water temperatures, most fish are found in tidal 

freshwater habitats during the summer months (Hall et al. 1991, DeVries 2006).  

During this period, they are most commonly found in deep freshwater habitats just 

above the fresh-saltwater interface of their natal rivers (DeVries 2006, Fleming et al. 

2003).  During the non-summer months when water temperatures <22º C, shortnose 

sturgeon are more tolerant of salinity and, hence, may be found in brackish or marine 

habitats in the lower estuary (Hall et al. 1991, DeVries 2006). 

Dissolved Oxygen Limits 

 At stressfully low DO concentrations, fish metabolism decreases until death of 

the fish occurs; the DO at the point of death is called the threshold concentration 

(Secor and Niklitschek 2001).  The high threshold concentrations in sturgeons are 

because of a poor oxyregulatory system, low gill ventilation efficiency, and low 

hemoglobin oxygen affinity (Secor and Niklitschek 2001). 

Sturgeons are more sensitive behaviorally and physiologically to low DO 

levels compared to other fish (Secor and Gunderson 1998, Secor and Niklitschek 

2001).  Decreased DO during the summer is cited as a limiting factor in sturgeon 

populations (Secor and Gunderson 1998, Collins et al. 2000).  Studies indicate 

concentrations of <4.0 mg/L DO are hypoxic in regards to sturgeon species (Secor 

and Gunderson 1998).  Dissolved oxygen levels in this range have been observed in 

the Ogeechee River in recent studies (D. Peterson unpublished data).  In an acute 
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experiment with shortnose sturgeon, fish 64 days-post-hatch (dph) exhibited 86% 

mortality at 2.5 mg/L DO; fish >100 dph exhibited less than 20% mortality; 

mortalities were not observed at DO >3.5 mg/L (Jenkins et al. 1993).  Water 25 ºC 

and 2 ppt was lethal to 50% of shortnose sturgeon (LC50) that were 77 dph at 2.7 

mg/L; 104 dph at 22 ºC and 4 ppt have an LC50 at 2.2 mg/L (Campbell and Goodman 

2004).  An LC50 occurs at 3.1 mg/L at 30 ºC and 2 ppt for 100 dph shortnose 

sturgeon (Campbell and Goodman 2004).  Older young-of-year (YOY) shortnose 

sturgeon exhibit greater tolerance of low DO (Jenkins et al. 1993, Kynard 1997), but 

studies on shortnose sturgeon over 365 dph are non-existent.  Dissolved oxygen 

concentrations <2.5 mg/L are a possible explanation for declining or nonexistent 

populations of shortnose sturgeon. 

Interaction of DO and temperature limit survival of southern shortnose 

sturgeon (Campbell and Goodman 2004).  The Q10 law states that for each 10 ºC 

increase in temperature there is a two-fold increase in fish metabolism and therefore 

oxygen consumption.  Additionally, water has a lower capacity for DO at higher 

water temperatures.  The combination of increased oxygen demand and decreased 

oxygen concentrations creates a two-fold effect for fish.  The two-fold effect is 

exacerbated in sturgeon because of their high DO requirements (Secor and 

Niklitschek 2001).  Temperature and DO have a significant interactive effect on the 

mortality of sturgeon, especially at times of low DO and high temperatures (Secor 

and Gunderson 1998).  Because of this interaction, YOY shortnose begin to exhibit 

physiological and behavioral changes to DO ~4.5 mg/L at 22-27 ºC and complete 

intolerance of DO <3.3 mg/L at the same temperatures (Secor and Niklitschek 2001).  
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Hypoxia can be a limiting factor for shortnose sturgeon at the southern end of their 

range, where water temperatures alone are often beyond the physiological limits of 

sturgeon (Ziegeweid et al. 2008a, D. Peterson unpublished data). 

Water Temperature Limits 

In the southern portion of their range, shortnose sturgeon gather in riverine 

areas that minimize physiological stress during times of high water temperatures 

(Flournoy et al. 1992).  Shortnose sturgeon in the Altamaha River lose weight during 

summer months and appear to favor freshwater habitats (DeVries 2006).  Weight loss 

is a possible indication of stress in fish and is the result of limited feeding behavior.  

Though high water temperatures may threaten sturgeon populations, few studies have 

been conducted to determine specific lethal temperatures for sturgeon. 

Thermal maxima tests of shortnose sturgeon indicate that summer water 

temperatures in the south may be lethal to YOY sturgeon when refuge is unavailable 

(Ziegeweid et al. 2008a).  Loss of equilibrium and death are considered endpoints; the 

temperature at loss of equilibrium is called critical thermal maxima (CTmax) and 

temperature at death is called lethal thermal maxima (LTmax) (Ziegeweid et al. 

2008a).  Shortnose sturgeon 64–140 dph acclimated to a higher water temperature are 

significantly more tolerant of increased temperatures than sturgeon acclimated to 

lower water temperatures.  Individuals acclimated to 19.5  ºC have a CTmax of 33.7  

ºC and LTmax of 34.8  ºC; sturgeon acclimated to 24.1  ºC have a CTmax of 35.1  ºC 

and LTmax of 36.1  ºC.  Using loss of equilibrium data, Ziegeweid et al. (2008a) 

estimates the upper limits of safe temperature for shortnose sturgeon to be 28.7–30.1 

ºC.  Young-of-year shortnose sturgeon tolerance of high water temperatures increases 
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with age and size (Ziegeweid et al. 2008b).  For example, mortalities at 30 ºC 

decrease from 100% at 70 dph to 26% at 94 dph and 0% at 112 dph.  Young-of-year 

shortnose sturgeon are 269 times less likely to survive for every 2.4 ºC increase in 

water temperature (Ziegeweid et al. 2008b). 

Thermal tolerances in juvenile and adult shortnose sturgeon are unknown.  

Optimum temperatures, LTmax, and CTmax are often highest during the earliest life 

stages and decrease as fish age (Jobling 1994).  This trend has not been confirmed 

experimentally for shortnose sturgeon, but it is possible that thermal tolerances are 

lower in adults. 

Water temperatures at or above the estimated lethal temperature of ~31 ºC 

(Ziegeweid et al. 2008a, Ziegeweid et al. 2008b) are characteristic of rivers in the 

southern extent of the range of the shortnose sturgeon; examples include the 

Altamaha (Heidt and Gilbert 1978, DeVries 2006), Savannah (Collins et al. 2002), 

and Ogeechee rivers, GA (D. Peterson unpublished data).  The size structure of the 

Ogeechee River population of shortnose sturgeon is indicative of persistent 

recruitment failure (Fleming et al. 2003).  Data have not indicated if recruitment 

failure is because of an inability to successfully reproduce or poor survival during the 

critical period.  Shortnose sturgeon habitat in southern rivers may be limited by 

availability of cool water refugia (Ziegeweid et al. 2008a) and high water 

temperatures are a concern for managers (NMFS 1998). 

Salinity Limits 

 Shortnose sturgeon use estuarine portions of rivers during the winter months 

in the south and move to freshwater as water temperatures increase (Collins et al. 
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2002).  Limited data from fixed locations in Georgia estuaries indicate a significant 

increase in salinities between 1974 and 1992 in some of the estuaries (Alber and 

Sheldon 1999).  Saltwater encroachment concurrent with increasing water 

temperatures could limit suitable habitats for shortnose sturgeon (Collins et al. 2002), 

which are intolerant of saltwater at early life stages (Ziegeweid et al. 2008b). 

 Young-of-year shortnose sturgeon become more tolerant of increased salinity 

with increasing size and age if temperature and DO are held constant (Jenkins et al. 

1993, Ziegeweid et al. 2008b).  Survival among all tested ages of shortnose sturgeon 

(11–330 dph) is close to 100% at 7 ppt and 21–23ºC (Jenkins et al. 1993).  However, 

when the salinity is increased to 9 ppt, sturgeon begin to exhibit a higher mortality 

rate.  Only 330 dph sturgeon survive salinities >15 ppt, but even these fish cannot 

survive salinities >25 ppt (Jenkins et al. 1993). 

Salinity tolerance increases with increasing size and age in YOY shortnose 

sturgeon.  A series of 48-h experiments were used to determine LC50 concentrations 

of salinity for shortnose sturgeon of three different ages: 66 dph and 56 mm TL, 86 

dph and 93 mm TL, and 107 dph and 128 mm TL (Ziegeweid et al. 2008b).  The 48-h 

LC50 values are 14.8, 19.1, and 20.9 ppt for 66, 86, and 107 dph, respectively.  

Young-of-year shortnose sturgeon are 264 times less likely to survive for every 1.5 

ppt increase in water salinity.  However, there is a significant interactive effect of 

temperature and salinity on sturgeon survival.  For example, there is 0% mortality for 

YOY shortnose at 16.4 ppt and 23.1  ºC, but 58% mortality for the same size and age 

fish at 16.4 ppt and 28.6  ºC (Ziegeweid et al. 2008b). 
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 Salinity tolerance studies have not been conducted on adult shortnose 

sturgeon.  Until adult salinity tolerances are confirmed, only capture and telemetry 

data can be used to identify maximum salinity preferences in wild shortnose sturgeon.  

Water temperatures interact with salinities to affect movements of adult shortnose 

sturgeon.  At water temperatures >27 ºC in southern rivers, adult shortnose sturgeon 

remain primarily in fresh water (0–6 ppt), but when water temperatures drop <27 ºC 

they move into brackish water (6–20 ppt) and they use estuarine water (20–35 ppt) at 

water temperatures <16 ºC (Flournoy et al. 1992, Weber et al. 1998, Collins et al. 

2002, DeVries 2006). 

Current Status and Management 

 Presently, shortnose sturgeon are managed on a population basis under the 

assumption that individual rivers contain unique populations (NMFS 1998).  Genetic 

studies have provided some insight regarding the relationships between neighboring 

rivers.  By estimating gene flow among rivers, researchers can identify genetically 

discrete populations.  Previous studies of haplotype frequencies in shortnose sturgeon 

show that the Ogeechee River stock is not genetically distinct from the Savannah 

River or Altamaha River stocks (Wirgin et al. 2005, Wirgin et al. 2009).  Movement 

of hatchery-reared shortnose sturgeon from the Savannah to the Ogeechee (Smith et 

al. 2002) has led to speculation that the relatively low genetic difference among 

southern rivers, relative to northern rivers, is because of the movement of stocked 

sturgeon and is only a recent phenomenon (Wirgin et al. 2009).  Conversely, southern 

shortnose sturgeon may have an inherent propensity for movement between rivers 

that northern stocks lack (Wirgin et al. 2009).  Unfortunately, genetic samples prior to 
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stocking the Savannah River are unavailable to analyze pre-stocking genetic diversity 

of sturgeon in southern rivers.  Within the southern portion of the range, the Altamaha 

River sustains the largest population (DeVries 2006).  These findings suggest that 

mixing of southern populations may be related to population density as suggested 

previously by Kynard (1997).  If the Ogeechee and Altamaha rivers support a single 

genetically discrete unit as suggested by Wirgin et al. (2009), then the two rivers 

should be managed as a single population.  However, results of this genetic analysis 

must be supported by evidence from population dynamic studies before management 

options can be evaluated. 

Previous studies have attempted to analyze the shortnose sturgeon population 

in the Ogeechee River.  From 1993 – 1995 Weber (1996) obtained a range of 

population estimates; however the study focused on the identification of spawning 

habitat.  In 1996, the author observed one gravid female making, what appeared to be, 

a spawning migration but did not find direct evidence of spawning.  However, Weber 

did identify suitable spawning habitat at river kilometer (rkm) 86.  Subsequent 

investigations by Fleming et al. (2003) to identify spawning habitats were not 

successful.  Low juvenile abundance led these authors to conclude that recruitment 

failure was probably limiting population recovery (Fleming et al. 2003).  Both of 

these previous studies estimated population abundance at <300 individuals, 

confirming that the Ogeechee population is probably the smallest remaining stock of 

shortnose sturgeon.  These two previous efforts found limited evidence of the 

Ogeechee River sustaining a genetically unique population of shortnose sturgeon.  

Despite the consistent presence of adult shortnose sturgeon in the river, there appears 
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to be a lack of juveniles.  A lack of juvenile fish is indicative of either a failure to 

spawn by adult fish or limited survival of spawned larvae and/or juveniles. 

Although several studies have shown that poor water quality may limit first 

year survival (Secor and Gunderson 1998, Secor and Niklitschek 2001, Ziegeweid et 

al. 2008a, Ziegeweid et al. 2008b) and recovery of depleted sturgeon populations 

(Jager et al. 2002), specific limiting factors remain unclear.  Fleming et al. (2003) 

suggest that chronic recruitment failure has hampered recovery of shortnose sturgeon 

in the Ogeechee River; however, these authors did not evaluate juvenile habitat 

quality.  Prolonged periods of high temperatures and low DO in reservoirs have likely 

hampered white sturgeon recovery in the Snake River System (Jager et al. 2002).  

Although environmental tolerances of wild juvenile shortnose sturgeon have not been 

evaluated, Ziegeweid et al. (2008a) showed that hatchery-reared juveniles become 

increasingly intolerant of salinity as temperatures exceed 23ºC.  Because water 

temperatures at or above the estimated lethal temperature of ~ 30ºC (Ziegeweid et al. 

2008a) have been documented in coastal Georgia rivers, such as the Altamaha (Heidt 

and Gilbert 1978, Flournoy et al. 1992, DeVries 2006), Savannah (Collins et al. 

2001), and Ogeechee Rivers (D. Peterson unpublished data), poor water quality might 

be a limiting factor in many southern shortnose sturgeon populations. 

 Although historical data on shortnose sturgeon populations is scarce, federal 

protections have helped increase funding for shortnose sturgeon research over the last 

three decades; however, most studies have focused on northern populations.  

Effective recovery strategies for southern populations will require focused research 

and status assessments to provide current information regarding population trends, 
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habitat quality, and general ecology (Bain et al. 2000).  Therefore, the goal of this 

study was to understand why shortnose sturgeon abundance in the Ogeechee River 

has not increased, despite 30 years of protection under the ESA.  The specific 

objectives were to: 

(1) estimate current abundance and to quantify population dynamics of Ogeechee 

River shortnose sturgeon; (2) evaluate seasonal habitat use of adult shortnose 

sturgeon within the tidally influenced portion of the river; and(3) identify potential 

limiting factors for this population. 

 Understanding population dynamics and basic life history characteristics of 

shortnose sturgeon are recognized as essential aspects of recovery plans for the 

species (NMFS 1998, Bain et al. 2000).  Over the past 15 years, the shortnose 

sturgeon population of the Ogeechee River has been studied intermittently; however, 

the current status of the stock is unclear because historic population levels are 

unknown.  Furthermore, understanding seasonal habitat use of the adult stock will 

help management agencies develop a stock-specific restoration strategy. 
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Figure 1.1.  Historic range of shortnose sturgeon in North America (adapted from 

NMFS 1998). 
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Abstract 

Shortnose sturgeon, Acipenser brevirostrum, are one of the most endangered 

members of the sturgeon family because of over-exploitation, depressed population 

levels, and a shrinking range.  The lack of historical data on shortnose sturgeon 

populations has led to an increase in sturgeon research over the last three decades; 

however, most recent studies focused on northern populations.  The primary goal of 

this study was to determine why the Ogeechee River population is not recovering.  

Shortnose sturgeon were captured with gill and trammel nets for a mark-recapture 

analysis using Program MARK.  From 1 June – 31 August, 2007 – 2009, we 

deployed a total of 864 net sets over 660 net-hours and captured 168 individual 

shortnose sturgeon with 51 total recaptures.  Robust design models revealed the best-

fitting models incorporated interactions among water temperature, dissolved oxygen, 

and total effort with capture and recapture probabilities set equal and temporary 

emigration parameters set to zero or as constant.  Abundance estimates (95% CI) 

were 404 (175 – 633), 264 (126 – 402), and 203 (32 – 446) individual sturgeon for 

2007, 2008, and 2009, respectively.  Movements of shortnose between the Ogeechee 

and Altamaha rivers were documented during this study.  Over the three years of our 

study, abundance, survival, and temporary emigration estimates, combined with 

documented movement of fish between rivers, provided evidence that shortnose 

sturgeon in the Ogeechee River are not a discrete population.  We propose that the 

Altamaha and Ogeechee rivers may form a source-sink metapopulation in regards to 

shortnose sturgeon.
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Introduction 

Shortnose sturgeon, Acipenser brevirostrum, are one of the most endangered 

members of the sturgeon family because of over-exploitation, depressed population 

levels, and a shrinking range (Bain et al. 2000, Jelks et al. 2008).  They are a typical 

member of the family Acipenseridae: long-lived and late maturing.  Originally listed 

as endangered in 1967, the shortnose sturgeon became a charter member of the 

Endangered Species Act in 1973 (National Marine Fisheries Service (NMFS) 1998).  

Outside of the United States, shortnose are listed as a species of concern in Canada 

and on the International Union for Conservation of Nature and Natural Resources Red 

List of Threatened Species (Friedland and Kynard 2004).  The shortnose sturgeon has 

a global conservation status rank of G3 (Jelks et al. 2008), indicating that the species 

is currently considered “vulnerable.” 

Historically, shortnose sturgeon were distributed among 25 river systems on 

the Atlantic coast of North America, from the Saint John River in New Brunswick, 

Canada, to the St. John’s River, Florida.  At present, many of these populations might 

be extirpated (Vladykov and Greeley 1963, Kynard 1997, NMFS 1998), but targeted 

status assessments are rare.  Based on genetic evidence (Waldman et al. 2002) the 

mid-Atlantic bight represents a division between northern and southern populations.  

An amphidromous species, shortnose typically inhabit both fresh and brackish waters 

of coastal rivers throughout various times of the year (Bemis and Kynard 1997). 

Management of shortnose sturgeon populations is complicated not only by 

their complex life cycle and diverse habitat requirements, but also by latitudinal 

variation in life history strategies (Kynard 1997).  For example, southern sturgeon 
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typically grow faster and mature younger, than do northern sturgeon (Heidt and 

Gilbert 1978, Dadswell 1979).  This growth difference is illustrated by several 

previous studies that have reported the maximum age of southern shortnose > 20 

years (Rogers and Weber 1994; Fleming et al. 2003), while those in northern rivers 

may reach nearly 70 years (Dadswell 1979).  Regardless of age, shortnose sturgeon 

typically mature at 500 – 600 mm total length (TL). In the southern portion of their 

range, this usually occurs by 2-3 years for males and 3-5 years for females. In 

contrast, the age to maturity in northern rivers is typically 5-10 years (Dadswell 1979, 

Kynard 1997).  Likewise, spawning periodicity is shorter in southern populations, 

presumably to compensate for their shorter lifespan (Dadswell 1979, Kynard 1997). 

Many of the life history differences between northern and southern 

populations are likely attributable to latitudinal differences in climate.  In southern 

rivers, adults spawn about a month earlier than in northern rivers (Vladykov and 

Greeley 1963).  Telemetry studies have shown that southern shortnose sturgeon 

frequently inhabit brackish and marine habitats during cooler months and become 

increasingly tolerant of salinity as water temperatures decline below 25°C (Collins et 

al. 2001, Collins et al. 2002, DeVries 2006).  Altamaha River shortnose sturgeon lose 

weight during summer months (Flournoy et al. 1992) and appear to prefer freshwater 

habitats during high water temperatures (DeVries 2006).  Although further studies are 

needed to quantify the physiological tolerances of shortnose sturgeon, seasonal 

movements and changes in condition suggest that southern shortnose sturgeon may 

use brackish and marine estuarine habitats as primary feeding areas, particularly 

during the non-summer months. 
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Currently, most shortnose sturgeon populations face multiple threats to 

recovery.  In the Altamaha River, Georgia, shortnose sturgeon are caught incidentally 

in commercial fisheries targeting American shad, Alosa sapidissima (Heidt and 

Gilbert 1978, Collins et al. 2000, Peterson and Fleming 2008).  Shortnose sturgeon 

also have been documented in the bycatch of a similar shad fishery on the Ogeechee 

River (Weber 1996).  The commercial shad season in Georgia is open from January – 

March, coinciding with the upstream spawning migrations of shortnose sturgeon.  

Studies of bycatch in these fisheries are currently underway (D. Peterson, personal 

communication), but previous studies in South Carolina suggest that mortality of 

shortnose sturgeon in commercial shad fisheries is likely suppressing the recovery of 

some populations (NMFS 1998, Collins et al. 2000). 

The lack of historical data on shortnose sturgeon populations has led to an 

increase in sturgeon research over the last three decades; however, most recent 

studies focused on northern populations (e.g., Welsh et al. 2002, Bain et al. 2007, Li 

et al. 2007, Woodland and Secor 2007, Kynard et al. 2009).  Effective recovery 

strategies for southern shortnose sturgeon populations will require focused research 

and status assessments to provide current information regarding population trends, 

habitat quality, and general ecology (Bain et al. 2000).  Previous research efforts on 

the Ogeechee River population have failed to identify conclusive spawning (Weber 

1996) or spawning habitat (Fleming et al. 2003).  Evidence of low juvenile presence 

suggests that recruitment failure is limiting recovery of shortnose sturgeon in the 

Ogeechee River (Fleming et al. 2003).  All previous studies have indicated a 

population of less than 300 shortnose sturgeon in the Ogeechee River (Weber et al. 
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1998, Fleming et al. 2001), which is small compared to abundances in the 

neighboring Savannah and Altamaha rivers (NMFS 1998, DeVries 2006). 

Despite almost 40 years of protection under the Endangered Species Act, the 

abundance of shortnose sturgeon in the Ogeechee River has not increased.  This study 

is part of larger efforts to determine why the Ogeechee River population is not 

recovering.  The specific objectives were to estimate current abundance, annual 

survival, and temporary emigration parameters of Ogeechee River shortnose 

sturgeon.  This study fulfills a primary goal of the NMFS Shortnose Sturgeon 

Recovery Plan (1998) to monitor abundance and population dynamics of all known 

populations of shortnose sturgeon. 

Site Description 

The Ogeechee River is one of the longest free-flowing rivers on the East 

Coast, containing 425 rkm of unimpounded riverine habitats (Weber 1996).  One 

major tributary, the Canoochee River, drains into the Ogeechee River at rkm 55 

(Figure 2.1).  The Ogeechee River is classified as a “blackwater” system because of 

its tannic, nutrient-poor waters (Meyer et al. 1997).  Unlike most blackwater rivers, 

however, the pH of the Ogeechee River is close to neutral throughout most of the year 

(Meyer et al. 1997).  The river originates in central Georgia in the Piedmont Province 

and flows southeasterly through a mostly undeveloped coastal plain watershed.  Tidal 

amplitudes on the Ogeechee vary from 1.6 to 2.7 m (Weber 1996) and average annual 

discharge is 115 m
3
/s (Meyer et al. 1997).  Maximum discharge occurs in spring and 

winter; however, tropical storms frequently cause brief periods of flooding during the 

summer and fall (Weber 1996, Meyer et al. 1997). 
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Methods 

Sampling locations were selected randomly using a stratified design 

throughout the lower 70 rkm of the Ogeechee River and the lower 5 rkm of the 

Canoochee River.  Shortnose sturgeon were captured using trammel and gill nets 

measuring 61 m by 2.5 m.  Gill nets were constructed of 10.2, 12.7, and 15.2-cm 

monofilament mesh (stretch measure); trammel nets were constructed from a 7.6-cm 

mesh inner panel and two 30.5-cm mesh outer panels.  Nets were deployed 

perpendicular to the current, anchored to the bottom, and set for 25 – 90 min during 

slack tides.  After all nets had been set, water temperature (T; ºC) and dissolved 

oxygen (DO; mg/L) were measured using a YSI
®
 85 multimeter. 

As nets were retrieved, captured shortnose sturgeon were placed into a 

floating net pen, where they were allowed to recover for 10 – 15 min prior to data 

collection.  Each fish was measured (TL; mm), weighed (g), and scanned for a 

passive integrated transponder (PIT) tag.  If a PIT tag was not detected, then one was 

injected under the fourth dorsal scute.  All sturgeon were released in good condition. 

Mark-recapture data were analyzed using a closed capture robust design 

model to estimate abundance, survival, and temporary emigration parameters and to 

identify covariates affecting capture and recapture probabilities.  Individual capture 

histories were constructed by using each sampling week during the summer as an 

individual secondary sampling period (recaptures within a week were not counted) 

within the primary sampling period of the entire summer.  Thirteen secondary 

sampling periods (weeks from June 1 – August 31) within three primary periods 

(summers from 2007 – 2009) yielded a total of 39 discrete sampling periods. 
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The population was considered open between primary periods, but closed 

within secondary periods for model structure.   A candidate set of models with 

combinations of parameters for capture and recapture probabilities were constructed.  

Capture and recapture probabilities were modeled as constant, time-varying, or as 

functions of predictor variables from primary or secondary sampling periods, as 

appropriate.  The predictor variables used were total weekly sampling effort in hours, 

mean weekly T, and mean weekly DO.  The same covariates of effort, T, and DO 

were used for primary periods when capture and recapture probabilities were constant 

within secondary periods.  Combinations of covariates were used in additive and 

interactive terms, except for temperature and DO because of their physical 

autocorrelation.  All covariates were standardized to a mean of zero and standard 

deviation of one within the period for which they were used as covariates.  Program 

MARK (program available online: 

http://welcome.warnercnr.colostate.edu/~gwhite/mark/mark.htm) was used to 

evaluate the relative weight of each model and to obtain parameter estimates. 

The relative likelihood of each model was evaluated by an information 

theoretic approach (Burnham and Anderson 2002), by calculating Akaike’s 

information criterion (Akaike 1973) with an adjustment for small sample size (AICc; 

Hurvich and Tsai 1989).  If model weights were spread among several models, then 

model-averaged parameter estimates were used to account for uncertainty in model 

selection and were the basis for all inferences (Burnham and Anderson 2002). 
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Results 

From 1 June – 31 August, 2007 – 2009, we deployed a total of 864 net sets 

over 660 net-hours and captured 168 individual shortnose sturgeon with 51 total 

recaptures (Table 2.1).  Catch-per-unit-effort (CPUE; fish per net-hour) was 0.37, 

0.51, and 0.15 for 2007, 2008, and 2009, respectively.  Captured shortnose varied in 

size from 555 – 1187 mm TL.  Juvenile shortnose sturgeon were not captured during 

the study (Figure 2.2).  Length-weight relationships were consistent among all three 

years (Figure 2.3). 

Robust design models revealed the best-fitting models incorporated 

interactions among T, DO, and total effort with capture and recapture probabilities set 

equal and temporary emigration parameters set to zero or as constant (Table 2.2).  

The top four models accounted for over 98% of the relative weight and were used to 

calculate model-averaged parameter estimates (Table 2.3).  Survival estimates 

between primary periods were 0.737 from 2007 to 2008 and 0.812 from 2008 to 

2009.  The probability of an individual shortnose sturgeon emigrating out of the study 

area (γ") between years was 0.160 while the probability of remaining in the study area 

(1 - γ") between years was 0.840.  The probability of a sturgeon remaining outside of 

the study area (γ') between years was 0.160 and the probability of migrating into the 

study area (1 - γ') between years was 0.840.  Other immigration and emigration 

parameters were logically or statistically confounded and could not be estimated.  All 

estimates of survival and temporary emigration were inaccurate because of large 

confidence intervals.  Abundance estimates (95% CI) were 404 (175 – 633), 264 (126 
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– 402), and 203 (32 – 446) individual sturgeon for 2007, 2008, and 2009, 

respectively.   

During our study, 10 shortnose sturgeon that were originally tagged in the 

Altamaha River were recaptured in the Ogeechee River.  Additionally, two sturgeon 

that were originally tagged in the Ogeechee River were recaptured in the Altamaha 

River (D. Peterson, personal communication).  Other shortnose sturgeon movements 

between the Ogeechee and Altamaha rivers and the Cooper and Edisto rivers, SC 

have been documented recently (D. Peterson, unpublished data; B. Post, personal 

communication). 

Discussion 

 The results of our study provide an updated abundance estimate and the first 

quantitative estimate of population dynamics of shortnose sturgeon in the Ogeechee 

River, Georgia.  The AICc model results indicated that capture and recapture 

probabilities were best predicted by water temperature, DO, and sampling effort.  

Covariates such as these should be incorporated in future studies to best predict 

capture and recapture probabilities.  The lack of juveniles in the Ogeechee River 

population, based on TLs (Figure 2.2), indicates that persistent recruitment failure 

may be limiting population recovery.  Gear selectivity was not responsible for the 

lack of juveniles because we frequently captured juvenile Atlantic sturgeon, 

Acipenser oxyrinchus, between 200 – 500 mm TL (n=48).  Additionally, the same 

gear captured juvenile shortnose sturgeon in the Altamaha River during a similar 

study (DeVries 2006).  Weight-length relationships from our study (Figure 2.3) are 

similar to the relationship observed for the Altamaha River stock (DeVries 2006).  
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Our survival estimates (0.737 – 0.812) are the first attempts at estimating annual 

shortnose sturgeon survival of which we are aware, but survival estimates appear 

adequate for sustaining a population of long-lived fish such as shortnose sturgeon 

(Eberhardt 2002).  However, if the Ogeechee River represented a unique population, 

then persistent recruitment failure should cause decreasing abundance and eventually 

extirpation.  Abundance estimates have remained static over the last 16 years (Figure 

2.4), despite federal protection and evidence of recovery in other river systems, such 

as the Hudson (Bain et al. 2007) and the Altamaha (DeVries 2006).  However, a 

decrease in CPUE in 2009 may indicate some annual variations in capture efficiency 

or number of sturgeon (Table 2.1).  Large annual fluctuations in abundance could 

simply reflect frequent movements of individuals between the Altamaha and 

Ogeechee rivers or intermittently successful spawning events.  Juvenile shortnose 

sturgeon have been captured occasionally in the Ogeechee River (J. Fleming, 

personal communication), which may indicate that spawning may occur 

intermittently. 

Frequent movements between neighboring rivers may be indicative of a 

metapopulation; this phenomenon has been suggested to occur with shortnose 

sturgeon in large density-dependent source populations, such as in the Hudson and 

Altamaha rivers (Kynard 1997, Walsh et al. 2001).  Previous genetic analyses of 

shortnose sturgeon from the Ogeechee and Altamaha rivers suggest that these two 

systems may, in fact, constitute a single metapopulation (Wirgin et al. 2005, Wirgin 

et al. 2009), but prior to this study demographic evidence of such a relationship has 

been lacking.  Occasional reproductive events and/or frequent immigration of 
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sturgeon into the Ogeechee River might be sustaining the population.  If most 

immigrants originate from the Altamaha River, as our field evidence and separate 

genetic analyses all suggest, then the two rivers fit the definition of a source-sink 

metapopulation (Pulliam 1988, Figueira and Crowder 2006, Wilberg et al. 2008). 

 Over the three years of our study, abundance, survival, and temporary 

emigration estimates and the documented movement of fish between rivers, provided 

evidence that shortnose sturgeon in the Ogeechee River are not a discrete population.  

Management of shortnose sturgeon is mostly targeted on a river-by-river basis, under 

the assumption that one river forms a unique population.  Genetic analyses by Wirgin 

et al. (2005, 2009) have been used to delineate discrete population segments (DPS) of 

shortnose throughout the range; however, supporting field evidence is scarce.  The 

results of this study provide new evidence of shortnose sturgeon movements between 

the Ogeechee and Altamaha rivers. In combination with previous genetic analyses, 

our results suggest that the Ogeechee stock should be classified as a single 

metapopulation within the greater southeastern portion of the range. 

Our research fulfilled one of the goals of the NMFS Shortnose Sturgeon 

Recovery Plan (1998): determine abundance, age structure, and recruitment for 

population segments.  The Ogeechee River, as an individual population segment, 

contains an order of magnitude fewer sturgeon than the neighboring Altamaha River 

(DeVries 2006) and two orders of magnitude fewer fish than the largest known 

population in the Hudson River (Bain et al. 2007).  The Ogeechee stock probably 

contains few, if any, juvenile shortnose sturgeon and appears to be limited by 

frequent recruitment failure.  However, intermittent spawning may occur when 
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conditions are ideal.  Efforts to quantify spawning habitat (N. Nibbelink, unpublished 

data) and to identify potential sources of recruitment failure (Chapter 3) are being 

completed. 

Parameter estimates for survival and temporary emigration provided point 

estimates with wide confidence intervals.  Although additional captures would have 

resulted in better precision, these estimates provide the first quantified evidence of 

population mixing for this species.  For larger populations, such as the Altamaha, 

Hudson, and Delaware, the robust design may provide the best model for estimating 

critical population parameters. 

The sampling methods and data analyses used in this study should be used to 

assess shortnose sturgeon populations as part of a long-term, range-wide assessment 

as prescribed by the NMFS Recovery Plan (1998).  Development and application of a 

standardized assessment protocol will facilitate future comparisons of population 

dynamics and abundance trends of shortnose sturgeon in other rivers.   

Future research efforts on shortnose sturgeon in the Ogeechee River should 

focus on the monitoring of abundance, recruitment, and emigration trends.  Because 

recruitment and abundance are subject to stochastic and environmental influences, 

long-term studies are required to make conclusions about population and reproductive 

status.  Concurrent studies on multiple river systems are needed to document 

movement between coastal rivers and to define DPS’s.  Identification of migratory 

routes between the Ogeechee and Altamaha rivers is necessary to properly protect all 

habitat used by shortnose sturgeon.  Other river systems should be analyzed to 

determine the possibility of source-sink metapopulations and to support genetic 
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delineation of DPS’s.  Proper management requires an understanding of population 

dynamics and the relationship between neighboring populations.  Our results provide 

the basis for proper management of the Ogeechee River shortnose sturgeon.
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Table 2.1.  A summary of catch statistics and catch-per-unit-effort (CPUE; fish per 

net-hour) of shortnose sturgeon captured from the Ogeechee River from June – 

August, 2007 – 2009. 

 

Year 

Total 

Captures 

In-Summer 

Recaptures 

3-Year 

Recaptures 

Unique 

Individuals 

Net 

Hours CPUE 

2007 101 12 --  89 270 0.374 

2008  86 12 25  61 170 0.506 

2009  32  2 14 18 220 0.145 
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Table 2.2.  AICc, delta AICc, AICc weights, model likelihood, and number of 

parameters (K) for the top four closed capture robust design models using covariates 

of temperature (Temp), dissolved oxygen (DO), and total effort in hours to estimate 

weekly capture (p) and recapture (c) probabilities of shortnose sturgeon from the 

Ogeechee River, GA within secondary periods (summers) of 2007 – 2009.  The top 

four models used emigration parameters (γ' and γ") that were modeled as zero or 

equal and constant (.) between primary periods and interactions between covariates of 

capture and recapture probabilities. 

 

Model AICc 

Delta 

AICc 

AICc 

Weights 

Model 

Likelihood K 

p = c (Temp * Effort);  γ' = γ" (0) 94.2951 0.0000 0.34592 1.0000 44 

p = c (DO * Effort);  γ' = γ" (0) 94.4377 0.1426 0.32211 0.9312 44 

p = c (Temp * Effort);  γ' = γ" (.) 95.7458 1.4507 0.16748 0.4842 45 

p = c (DO * Effort);  γ' = γ" (.) 95.9571 1.662 0.15069 0.4356 45 
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Table 2.3.  Closed capture robust design model-averaged parameter estimates, 

standard errors (SE), and lower (LCI) and upper (UCI) 95% confidence intervals for 

survival, temporary emigration off of the study area (γ") between years, probability of 

remaining off the study area (γ') between years, and abundance of shortnose sturgeon 

in the Ogeechee River, GA for 2007 – 2009. 

 

Parameter Estimate SE LCI UCI 

Survival from 2007 - 2008 0.737 0.328 0.092 0.987 

Survival from 2008 - 2009 0.812 0.443 0.014 0.999 

γ" and γ'  0.160 0.275 0.003 0.913 

Abundance 2007 404 117 175 633 

Abundance 2008 264 70 126 402 

Abundance 2009 203 124 32 446 



47 

 

 

Figure 2.1.  A map of the study area on the Ogeechee River, GA.
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Figure 2.2.  Length-frequency histograms of captured shortnose sturgeon from the 

Ogeechee River, GA during the summers of 2007 – 2009. 
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Figure 2.3.  Annual length-weight relationships of captured shortnose sturgeon from the Ogeechee River, GA during the 

summers of 2007 – 2009. 
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Figure 2.4.  Trends in shortnose sturgeon abundance estimates (with 95% confidence intervals) in the Ogeechee River, GA.  

(Sources: 1993-1995, Weber et al. 1998; 2000, Fleming et al. 2003) 
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CHAPTER 3 

MOVEMENTS OF THE SHORTNOSE STURGEON RELATIVE TO 

HABITAT QUALITY OF THE OGEECHEE RIVER
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Farrae, D. J., S. E. Albeke, N. P. Nibbelink, and D. L. Peterson to be submitted to 

Canadian Journal of Fisheries and Aquatic Sciences spring 2010
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Abstract 

Shortnose sturgeon, Acipenser brevirostrum, are endangered because of over-

exploitation, habitat degradation, and a shrinking range.  However, poor water quality 

may also be a threat to the species’ recovery in many river systems, particularly in the 

southern half of the range.  The primary goal of this study was to determine if habitat 

quality has impeded recovery of shortnose sturgeon in the Ogeechee River.  We 

inserted ultrasonic transmitters in 18 adult shortnose sturgeon to monitor their 

monthly movements in relation to habitat suitability.  Using ArcGIS, we constructed 

habitat quality models based on physiological tolerance to water temperature, 

dissolved oxygen, and salinity.  Water quality data were collected at discrete points in 

the Ogeechee River and then used with kriging to interpolate values throughout the 

tidally influenced portion of the river.  We used a modified kriging technique to 

replace Euclidean distance with stream-network distance to avoid the problems of 

using kriging in sinuous rivers.  Telemetry results yielded a total of 492 relocation 

events, with a mean of 27 (range 1 - 56) relocations per fish.  During the summer 

months (June - August), telemetered individuals remained congregated above the 

fresh-saltwater interface; however, they appeared to move in response to changing 

water quality conditions.  The results of this study suggest that unsuitable habitat 

conditions from June – September may limit both the range and survival of shortnose 

in the Ogeechee River.  Seasonal habitat availability in other southern rivers should 

be similarly analyzed for to assess potential correlations between the amount of 

suitable habitat and relative abundance.  
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Introduction 

Shortnose sturgeon, Acipenser brevirostrum, are one of the most endangered 

members of the sturgeon family because of over-exploitation, depressed population 

levels, and a shrinking range (Bain et al. 2000, Jelks et al. 2008).  They are a typical 

member of the family Acipenseridae in that they are long-lived, late maturing, and 

infrequent spawners.  The species has been listed as endangered since 1967, 

becoming a charter member of the Endangered Species Act in 1973 (National Marine 

Fisheries Service (NMFS) 1998).  Because of an international range including 

Atlantic coast rivers in both the US and Canada,  it is also listed on the International 

Union for Conservation of Nature and Natural Resources Red List Threatened 

Species and has a global conservation status rank of G3(vulnerable) (Friedland and 

Kynard 2004, Jelks et al. 2008). 

Historically, shortnose sturgeon were distributed among 25 river systems on 

the Atlantic coast of North America from the Saint John River in New Brunswick, 

Canada, to the St. John’s River, Florida, although several southern populations are 

thought to be extirpated (Vladykov and Greeley 1963, Kynard 1997, NMFS 1998).  

Based on genetic evidence (Waldman et al. 2002) the mid-Atlantic bight comprises a 

distinct gap in the species’ northern and southern distributions.  An amphidromous 

species, shortnose typically inhabit both fresh and brackish waters of coastal rivers 

throughout various times of the year (Bemis and Kynard 1997).  The bifurcated 

distribution and diversity of required habitats in northern and southern populations 

makes population management of shortnose sturgeon particularly difficult. 
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Presently, most shortnose sturgeon populations face multiple threats to 

recovery.  In Georgia, shortnose sturgeon are caught incidentally in commercial 

fisheries targeting American shad, Alosa sapidissima, on the Altamaha (Heidt and 

Gilbert 1978, Collins et al. 2000, Peterson and Fleming 2008), Ogeechee, and 

Savannah rivers (Weber 1996).  The commercial shad season in Georgia is open from 

January – March, coinciding with the upstream spawning migration of shortnose 

sturgeon.  Although new studies of bycatch in these fisheries are now underway (D. 

Peterson, personal communication), results of previous studies in South Carolina 

suggest that mortality of shortnose sturgeon in commercial shad fisheries is likely 

suppressing the recovery of at least some populations (NMFS 1998, Collins et al. 

2000).   

Poor water quality may also be a threat to shortnose sturgeon recovery, 

particularly in southern rivers (NMFS 1998) where elevated summer temperatures 

and low dissolved oxygen (DO) levels may often exceed critical limits of the species.  

Previous studies have determined, in vitro, the physiological tolerances of young-of-

year (YOY) shortnose sturgeon to changes in temperature, DO, and salinity (Table 

3.1).   These studies have shown, that juvenile shortnose sturgeon are largely 

intolerant of water temperatures >30 ºC (Ziegeweid et al. 2008a), DO concentrations 

of <4.0 mg/L (Secor and Niklitschek 2001), and salinities >9 ppt (Jenkins et al. 

1993).  These studies have also shown that the interactive effects of these water 

quality variables may further reduce survival of YOY sturgeon, especially the 

combinations of high water temperature and low DO (Secor and Niklitschek 2001) 

and high water temperature and high salinity (Ziegeweid et al. 2008b).  The limited 
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tolerance to low DO in sturgeons is because of a poor oxyregulatory system, low gill 

ventilation efficiency, and low hemoglobin oxygen affinity (Secor and Gunderson 

1998, Secor and Niklitschek 2001).  High salinities cause osmoregulatory stress 

manifested as dehydration and weight loss in YOY shortnose sturgeon (Jenkins et al. 

1993).  Thermal tolerances of juvenile and adult shortnose sturgeon are poorly 

understood.  In many fishes, optimum temperatures are highest during the earliest life 

stages (Jobling 1994); however, confirmatory studies with shortnose sturgeon have 

not been attempted.  Water temperatures > 30 ºC are typical during the summer 

months in many southern rivers including the Altamaha (Heidt and Gilbert 1978, 

DeVries 2006), Savannah (Collins et al. 2002), and Ogeechee rivers.  Although the 

environmental tolerances of southern shortnose have not been well studied, Flournoy 

et al. (1992) found that Altamaha River shortnose sturgeon lose weight during 

summer months. More recently, DeVries (2006) suggested that shortnose sturgeon 

appear to congregate in freshwater habitats during the summer months to help 

minimize physiological stress when water temperatures exceed 30 ºC. 

Although recent studies suggest that the absence of juvenile shortnose 

sturgeon in the Ogeechee River is indicative of persistent recruitment failure in this 

population (Fleming et al. 2003, Chapter 2), the cause remain unclear. Possible 

explanations include lack of suitable spawning habitat and poor survival of YOY 

sturgeon.  Therefore, the primary goal of this study was to evaluate seasonal habitat 

conditions in the Ogeechee River.  The specific objectives were (1) to quantify and 

qualify the amount of suitable habitat for YOY shortnose sturgeon during the 

summer, (2) to monitor seasonal movements of adult shortnose sturgeon to determine 
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how seasonal changes in water quality affect habitat use, and (3) to identify potential 

spawning migrations. 

Site Description 

The Ogeechee River is one of the longest free-flowing rivers on the East 

Coast, comprising 425 rkm of unimpounded riverine habitats (Weber 1996).  One 

major tributary, the Canoochee River, drains into the Ogeechee River at rkm 55.  The 

Ogeechee is classified as a “blackwater” system because of its tannic, nutrient-poor 

water, but unlike most blackwater rivers, its pH is roughly neutral (mean of 6.5 

compared to 4.9 of the nearby Satilla River; Meyer et al. 1997).  The Ogeechee River 

originates on the piedmont plateau in central GA and flows southeasterly through a 

largely undeveloped coastal plain watershed.  Tidal amplitudes on the Ogeechee vary 

from 1.6 to 2.7 m (Weber 1996) and average annual discharge is 115 m
3
/s (Meyer et 

al. 1997).  Maximum discharge occurs in spring and winter; however, tropical storms 

frequently cause brief periods of flooding during the summer and fall (Weber 1996, 

Meyer et al. 1997). 

Methods 

Seasonal movements of shortnose sturgeon were monitored using ultrasonic 

telemetry.   Using surgical methods described by Collins et al. (2002), ultrasonic 

transmitters were implanted into each of 18 adult shortnose sturgeon to during the 

Fall and late Spring, 2007-2008.  The transmitters (Sonotronics model CT-82-3-AA-

HP; Tucson, AZ) were 85 mm long, 18 mm in diameter, and weighed 15 g in air.  To 

ensure that transmitters did not exceed more than 2% of shortnose sturgeon body 

weight (Jepsen et al. 2002) only adult shortnose sturgeon > 750 g were selected for 
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transmitter implantation.  To minimize the physiological stress of the surgical 

procedure, implantation of transmitters was conducted only during periods of ambient 

water temperatures < 27ºC (Moser et al. 2000).  Adult shortnose sturgeon were 

captured using anchored trammel and gill nets measuring 61 m by 2.5 m.  Gill nets 

were constructed of 10.2, 12.7, and 15.2-cm monofilament mesh (stretch measure); 

trammel nets were constructed from a 7.6-cm mesh inner panel and two 30.5-cm 

mesh outer panels.  The first 18 adults weighing >750 g were immediately placed into 

a holding tank filled with a buffered solution of 132 mg/L solution tricaine 

methanesulfonate (MS-222).  Once the fish were completely anesthetized, they were 

placed on a portable surgical cart with a recirculating pump that maintained a steady 

flow of anesthetic over their gills during the entire surgical procedure (Kieffer and 

Kynard 1993, Hernandez-Divers et al. 2004, DeVries 2006).  To determine sex and 

reproductive condition, a 1-cm incision was made dorsolaterally, approximately 1–2 

cm above the ventral scutes and approximately midway between the pectoral and 

pelvic fins.  A 5-mm laparoscope (Karl Storz model 26006 AA; Goleta, CA) was then 

inserted through this incision to view the gonads  as described by Moser et al. 2000, 

Hernandez-Divers et al. 2004, and DeVries 2006.  If the fish was confirmed to be a 

mature adult, a sterile scalpel was used to make a 5-cm incision in the ventrum, 

approximately 4–6 cm anterior to the pelvic girdle.  The sterile transmitter was then 

placed into the body cavity through the incision and the wound was sutured using a 

2/0 cutting needle attached to an absorbable monofilament polydioxanone suture 

(Ethicon; Cornelia, GA).  The fish was then placed back into the river and held by 
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hand until it had fully recovered from the anesthetic.  All individuals were released in 

good health at their original capture location. 

 Manual tracking of the sonic-tagged individuals was conducted 1-2 times 

weekly, using a portable receiver (Sonotronics model USR-96; Tucson, AZ) and 

hydrophone (Sonotronics model DH-4; Tucson, AZ).  As individual sturgeon were re-

located, the coordinates were recorded using a GPS receiver after which temperature, 

salinity, and DO were measured using a portable YSI meter.  Manual tracking was 

augmented with an automated stationary receiver (Sonotronics model CUB-1; 

Tucson, AZ) positioned on the river bottom at rkm 65.  The placement of the CUB-1 

facilitated the detection of potential spawning migrations because this site was well 

upstream of non-spawning habitats of adult shortnose in the Ogeechee River (Weber 

et al. 1998, Fleming et al. 2003). 

 To monitor seasonal and spatial variations in water quality, weekly measures 

of temperature, salinity, and DO were collected at 1-km intervals throughout 2008 

and 2009.  Water quality data recorded during manual tracking and other field efforts 

were also used to maximize data available for monthly habitat modeling.  Habitat 

variables were monitored both spatially and temporally to determine monthly habitat 

suitability for shortnose sturgeon throughout the tidally influenced reach of the river.  

Ordinary kriging was used to interpolate data values to the extent of our study area.  

To avoid potential inaccuracies of kriging in within a river, stream network distances 

were first calculated between each data collection site.  The sites were then displayed 

as a straight line so that ordinary kriging could be used with Euclidean distance as a 

proxy of stream network distance.   National Hydrography Dataset (NHD) vector 
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files (http://nhd.usgs.gov/) were used to extract the maintstem Ogeechee and 

Canoochee rivers as the base for analyses in ArcGIS (ESRI 2007).  These lines were 

converted into a route feature class, using the length of the river/line to reference any 

given point instead of specific latitude and longitude coordinates.  In this format, the 

measure field attribute was a measure of the distance along the line of each point.  By 

using linear referencing, all sample points were located along the route feature.  To 

perform ordinary kriging in Euclidean space, while avoiding the problems associated 

with river sinuosity, a new feature class line was digitized.  The new line feature was 

comprised of two lines, each matching the exact river distance of the Ogeechee and 

Canoochee rivers, respectively.  These new lines maintained the known stream 

network distances between sample locations that were calculated in the route feature.  

Thus, the “straightened” Canoochee River line was digitized to be perpendicular to 

the “straightened” Ogeechee River.  This line feature class was then converted to a 

routed layer with sample points displayed onto the straight line features according to 

their stream network distances.   

Because kriging cannot be computed along a line, we first created data above 

and below the straight lines.  Lines were digitized on 50 m of either side of the 

straightened river lines.  The new lines gave the straightened rivers a width of 100 m 

each - roughly the average width of both rivers within our study area.  Sample points 

and corresponding data were replicated to these new lines to create two dimensions of 

sample points for subsequent kriging.  The sample points were grouped by month for 

interpolation.  Ordinary kriging was performed for each of the three water quality 

variables for each month of the study.  Ordinary kriging is a standard tool available in 
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the Geostatistical Wizard of ArcGIS.  We used a spherical variogram model with up 

to nine neighbors, but no less than three neighbors.  After every kriging calculation, 

the extent was set to match a standard extent of the farthest upstream and downstream 

points from each river for ease of comparison and display. 

To generate realistic graphical representations of the data, we converted the 

interpolated data values from the straightened river back to the sinuous river vector.  

To accomplish this, we first created points every 500 m within the total extent of the 

kriging and extracted predicted values from each of the kriged models to these points.  

To display the interpolated values, the predicted points were used as the midpoint for 

a line route-event that stretched 250 m upstream and downstream of the predicted 

point.  This divided the study area into 500-m segments, each possessing individual 

assignments of habitat suitability. 

 Every prediction point was reclassified with a value of 0 when a water quality 

parameter was outside of the tolerance range or a 1 when those parameters fell within 

the tolerance range.  Literature-based ranges in water quality parameters were 

determined as 30 ºC for temperature (Ziegeweid et al. 2008a), 4.0 mg/L for DO 

(Secor and Niklitschek 2001), and 10 ppt for salinity (Jenkins et al. 1993).  The 

reclassification values for each variable were added together to provide an integrated 

habitat value for every sample segment.  A total value of 3 indicated that all three 

water quality parameters were within the physiological tolerance range for that 

segment, while a value of 0 indicated that all three parameters were outside the 

tolerance range.  For display purposes, the color green was used for areas with a value 

of 3, yellow for 2, and red for 1 or less.  To interpret the summed values of each 
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segments, we considered a summed value of 3 to represent suitable habitat, 2 as 

marginal, and 0-1 as unsuitable.  Because previous studies have demonstrated an 

interactive effect of high water temperature, low DO, and high salinity on shortnose 

sturgeon tolerance, we considered habitat to be unsuitable when two or more 

variables fell outside the range of tolerance.  

 To compare actual habitat use with habitat quality, we displayed all telemetry 

relocation data on spatial maps of monthly habitat suitability.  We then counted the 

number of occasions during each month when a transmittered sturgeon was found in 

each habitat type to approximate “percent use” in relation to habitat quality.  The 

percent of habitat use was compared to the percent of each habitat’s availability to 

identify differences in habitat availability and habitat use.  These differences were 

then interpreted as habitat preference (or avoidance) based on spatially and 

temporally explicit habitat conditions.  These comparisons were also evaluated based 

on each individual water quality parameter to determine which variable (temperature, 

DO, or salinity) had the greatest influence on sturgeon movements. 

Results 

Ultrasonic transmitters were successfully implanted in 18 adult shortnose 

sturgeon from October 2007 – July 2008.  Three of the sturgeon were female and 15 

were male.  The first two sturgeon received transmitters in early October 2007; one 

was relocated three days after surgery and then never relocated again, while the other 

was relocated once on December 17, 2007 and not again until June 4, 2008.  The 

other 16 sturgeon were released between May 14, 2008 and July 28, 2008.  

Consequently, seasonal habitat use was evaluated from May 2008 until the end of the 
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study in September 2009.  Manual tracking of transmittered fish yielded a total of 492 

relocation events with a mean of 27 (range 1 - 56) relocations per fish.  Sturgeon were 

relocated at a mean water temperature of 21.1 ºC (range 7.4 – 31.1 ºC), DO 

concentration of 6.24 mg/L (range 2.91 – 10.92 mg/L), and salinity of 1.0 ppt (range 

0.0 – 18.8 ppt). 

 During the summer months (June - August), the transmittered individuals 

congregated near the confluence of the Ogeechee and Canoochee rivers at rkm 55.  

Throughout the rest of the year sturgeon moved freely throughout the lower 65 rkm of 

the River, including the lower estuary.  During the spawning season, January – 

March, none of the telemetered fish moved upriver of the CUB-1 at rkm 65, 

suggesting there were no spawning migrations attempted by any of the tagged adults. 

Over the entire analysis of habitat suitability (January 2008 – September 2009), 

river segments were characterized as suitable 75.86% of the time (Table 3.2).  All 

three variables were never found to be beyond the tolerance threshold for one 

segment during the same month.  From January – May 2008 water quality parameters 

were all within the suitable range throughout the entire study area (Figures 3.1 – 3.5).  

From June – September 2008, however, water quality degraded to mostly marginal 

and unsuitable habitat (Figures 3.6 – 3.9).  From October 2008 – May 2009 the 

Ogeechee River was mostly suitable habitat quality (Figures 3.10 – 3.17).  From June 

– September 2009 the study area was mostly a combination of suitable and marginal 

habitat quality (Figures 3.18 – 3.21). 

Water quality at locations of transmittered fish was usually better that that in 

other available habitats. .  Although the river was characterized as suitable for all 
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three water quality variables 75.86% of the study, sturgeon were located in this 

habitat 87.37% of the time (Table 3.2).  For 15.15% of the study, salinity was the 

only variable over the threshold, but sturgeon were located in this habitat for 0.64% 

of relocation events (Table 3.2). 

Discussion 

 Despite tracking adult shortnose sturgeon during two potential spawning 

seasons, not a single transmittered fish moved upstream of the CUB-1, suggesting 

that few, if any, individuals made spawning migrations during the study.  This 

corroborates recent research efforts (Weber et al. 1998, Fleming et al. 2003, Farrae 

Ch. 2) in the Ogeechee River, which found few, if any, juveniles.  Interestingly, 

juveniles were captured in 2004 (J. Fleming, personal communication), suggesting 

that successful spawning does occur intermittently.  Although the reasons for this 

remain unclear, habitat conditions required for spawning may only occur infrequently 

in the Ogeechee River. 

 Shortnose sturgeon appeared to move in response to seasonal changes in water 

quality in the Ogeechee River.  Poor water quality from June – September may limit 

the range and survival of juvenile and adult shortnose sturgeon.  At times of high 

water temperature and salinity, sturgeon congregated in an area of about 15 rkm near 

the confluence of the Ogeechee and Canoochee rivers (Figures 3.6 – 3.9 and 3.18 – 

3.21).  The dispersion of shortnose sturgeon was most limited during the summer 

months (e.g., Figures 3.22 and 3.24), but their dispersion increased during winter 

(Figure 3.23).  Intraspecific competition for resources could arise if all shortnose 

sturgeon are restricted to relatively small habitat patches.  Our results support the 
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theory that poor summer water conditions may cause a habitat “squeeze” thereby 

potentially limiting recruitment of juveniles as well as survival of adult sturgeon 

(Secor and Niklitschek 2001).  Our data for adult sturgeon correlate with the 

laboratory studies estimating the physiological tolerances of YOY shortnose sturgeon 

to water quality variables (Table 3.1). 

Shortnose sturgeon movements appeared to be associated most with salinity of 

the Ogeechee River.  This trend was most evident by comparing sturgeon use of river 

segments correlated to which environmental variables exceeded a threshold in the 

same segment.  Over the entire study, salinity was the only variable over the threshold 

in 15.15% of river segments, but sturgeon were located in this habitat for only 0.64% 

of the time (Table 3.2).  These data suggest that shortnose sturgeon may avoid 

salinities over 10 ppt during summer months.  Conversely, DO was the only variable 

outside of the threshold range in 5.99% of segments and sturgeon were located in this 

habitat for 6.85% of the time (Table 3.2), signifying neither avoidance or preference 

for this habitat.  Interestingly, 1.40% of segments had temperature as the only 

variable exceeding a threshold, but sturgeon were located in this habitat 5.14% of the 

time.  This might indicate that temperatures exceeding 30 ºC did not deter adult 

shortnose sturgeon.  Over the entire study only 1.60% of segments were characterized 

as unsuitable with 2 or more variables exceeding a threshold, but sturgeon were never 

located in this habitat (Table 3.2).  This likely suggested avoidance of these 

unsuitable habitats. 

The temporal and spatial variability in water quality conditions may affect the 

fitness and survival of shortnose sturgeon at the southern extent of their range. For 
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example, the Altamaha River, the next major river south of the Ogeechee, has about 

3.5 times more freshwater input and a watershed three times greater than the 

Ogeechee (Sheldon and Alber 2005).  Under a range of flow conditions, the Altamaha 

River has 30-40 rkm of tidal freshwater habitat compared to only 0-25 rkm in the 

Ogeechee River (Sheldon and Alber 2005).   The polyhaline zone of the Altamaha is 

limited to the lower 8 rkm,  while in the Ogeechee this zone can be found as far 

upriver as rkm 25 (Sheldon and Alber 2005), which renders nearly 1/3 of all tidally 

influenced habitats unsuitable for shortnose during the summer months.  In short, the 

lack of suitable habitat, particularly during the summer months, may explain why the 

Altamaha River population, estimated at 6300 (Devries 2006), is an order of 

magnitude larger than that of the Ogeechee River (Chapter 2).  Another possible 

explanation for the discrepancies in abundance could be attributable to differences in 

the quality or amount of suitable spawning habitat; however, spawning habitat still 

needs to be identified and quantified in both the Altamaha and Ogeechee rivers.  

Future studies of shortnose in southern rivers, should address seasonal changes in 

water quality in evaluating “baseline” parameters of suitable habitat.  These data will 

be critical in evaluating recovery potential of shortnose populations on a river–

specific basis.  

The results of this study, suggest that recurrent drought may be an especially 

important stochastic variable affecting long term population trends of shortnose 

sturgeon in southern rivers.  During the first year of this study, a severe drought 

resulted in reduced water levels in most coastal rivers along the entire south Atlantic 

region.  In the Ogeechee River, reduced freshwater inputs associated with persistent 
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drought conditions, undoubtedly exacerbated the poor water quality documented 

throughout the summer of 2008 (Figures 3.6 – 3.9).  When the drought ended in 2009, 

habitat conditions improved (Figures 3.18 – 3.21), yet although more suitable habitat 

was available during the summer of 2009, telemetry data showed that the fish 

continued to congregate in the same limited areas of the river that they had used in the 

previous summer (Figures 3.22 and  3.24).  Despite the many uncertainties regarding 

habitat changes that may result from global climate change, habitat conditions for 

Ogeechee shortnose sturgeon are not likely to improve within the foreseeable future.  

Limited data from fixed locations in Georgia estuaries indicate a significant increase 

in salinities between 1974 and 1992 in the Satilla and Savannah River estuaries 

(Alber and Sheldon 1999).  Saltwater encroachment concurrent with increasing water 

temperatures could limit suitable habitats for shortnose sturgeon (Collins et al. 2002).  

Given their limited tolerance of salinity at water temperatures >30
o
 C, shortnose 

sturgeon may be particularly sensitive to any environmental trend that increases 

summer water temperature.  This may be especially problematic for southern 

populations, where high summer temperatures, saltwater intrusion, and hypoxic 

conditions are already viewed as a hindrance to recovery (NMFS 1998).  Future 

studies are needed to monitor spatial and temporal changes in habitat suitability for 

shortnose sturgeon. 

Researchers recently have been identifying the best methods to interpolate 

spatially explicit data in river systems.  Ordinary kriging uses Euclidean distances to 

interpolate values, but this is inappropriate and inaccurate when data points are 

related by a network system (Little et al. 1997, Gardner et al. 2003, Lyon et al. 2008).  
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The use of stream distances within a river network has proven more reliable (Little et 

al. 1997, Gardner et al. 2003, Lyon et al. 2008); however, this method is more 

complex, requiring advanced GIS training (Ver Hoef et al. 2006).  The kriging 

methods used in this study offer a simple but accurate alternative that can be easily 

applied with only a basic knowledge of GIS programming.  Some researchers have 

proposed using direction-corrected kriging models for river systems to account for the 

relationship between points being controlled by flow in a single direction (Ver Hoef 

et al. 2006).  However, our entire study area was tidally influenced; therefore, discrete 

points were related in both upstream and downstream directions and using a 

unidirectional kriging model would be inappropriate. 

We suggest that future studies of shortnose sturgeon habitats, apply these 

methods to evaluate habitat quality in other river systems. As noted earlier, previous 

laboratory studies have defined the physiological tolerances of shortnose sturgeon and 

provided the basis for the habitat evaluation presented here.  Similar lab studies also 

have been conducted on many other fishes, including striped bass (Secor et al. 2000), 

summer flounder (Malloy and Targett 1991), Atlantic salmon (Handeland et al. 

1998), bull trout (Selong et al. 2001), and American shad (Zydlewski and McCormick 

1997).  Data from these experiments can be used to characterize habitat suitability in 

systems where water quality measurements are readily available. In this way routine 

water quality monitoring programs could be used to evaluate the quality and quantity 

of suitable habitat for a wide variety of aquatic species, based on the known range of 

their environmental tolerances. 
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The methods of water quality data collection used in this study could be 

improved upon by future researchers.  Manual collection of water quality data is both 

time-consuming and expensive.  Fortunately, a wide variety of automated devices are 

currently available.  Although initial acquisition costs may be high, these devices are 

relatively inexpensive to maintain and operate, providing continuous, standardized 

water quality data over large spatial scales.  When combined with the modified 

kriging methods presented in this study these data can provide sound data for 

evaluating spatial and temporal habitat trends. 

Assessment of seasonal habitat use and quality continues to be a critical 

research objective of the NMFS Recovery Plan for Shortnose Sturgeon (1998).  The 

methods and results presented in this study can be used to identify, and evaluate 

critical habitats for shortnose sturgeon throughout the species’ range.  The results of 

this study only provide a current assessment of habitat conditions for shortnose 

sturgeon within the Ogeechee River.  Perhaps more importantly, however, our 

findings may provide a quantified baseline of seasonal habitat for comparisons with 

other shortnose sturgeon rivers.  Effective management strategies for shortnose 

sturgeon recovery require a thorough understanding of how habitat quality affects 

population trends.  Future studies are needed to help quantify this relationship and to 

determine how changes in seasonal habitat quality may influence the critical habitat 

needs of the species.  
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Table 3.1.  A meta-analysis of studies on the physiological tolerances of young-of-year shortnose sturgeon to water temperature (T), 

dissolved oxygen (DO), and salinity at various ages of days-post-hatch (dph). 

 

Source Mortality/ Effect T ( ºC) DO (mg/L) Salinity (ppt) Age (dph) 

Campbell and Goodman 2004 50% 25 2.7 2 77 

Campbell and Goodman 2004 50% 22 2.2 4 104 

Campbell and Goodman 2004 50% 30 3.1 2 100 

Jenkins et al. 1993 47, 100% 21 - 23 7 -8 15, 20 63 

Jenkins et al. 1993 33, 47, 100% 21 - 23 7 -8 11, 13, ≥15 76 

Jenkins et al. 1993 0% 21 - 23 ≥ 4 ≥ 0 11 - 330 

Jenkins et al. 1993 86% 22.5 2.5 0 64 

Jenkins et al. 1993 12, 12% 22.5 2.5 0 104, 310 

Jenkins et al. 1993 0, 100% 21 - 23 7 -8 7, 15 11 - 330  

Jenkins et al. 1993 100% 21 - 23 7 -8 > 25  330 

Secor and Niklitschek 2001 stressful 22-27 4.3 - 4.7   30 - 200 

Secor and Niklitschek 2001 lethal 22-27 ≤ 3.3    30 - 200 

Ziegeweid et al. 2008a CTmax ~ 34.5 >7  0 64-140 

Ziegeweid et al. 2008a LTmax ~ 35.5 >7  0 64-140 

Ziegeweid et al. 2008b 50% 28.2 - 30.7 6.0 - 8.9  0 ≤ 112 

Ziegeweid et al. 2008b 100% 30 6.0 - 8.9  0 70 

Ziegeweid et al. 2008b 26% 30 6.0 - 8.9  0 94 

Ziegeweid et al. 2008b 0% 30 6.0 - 8.9  0 112 

Ziegeweid et al. 2008b 50% 23 6.0 - 8.9  14.8 66 

Ziegeweid et al. 2008b 50% 27.2 6.0 - 8.9  12 69 

Ziegeweid et al. 2008b 50% 23.3 6.0 - 8.9  16.4 69 

Ziegeweid et al. 2008b 50% 23.2 6.0 - 8.9  19.1 86 
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Ziegeweid et al. 2008b 50% 27.2 6.0 - 8.9  16.2 96 

Ziegeweid et al. 2008b 50% 28.6 6.0 - 8.9  14.2 101 

Ziegeweid et al. 2008b 50% 23.2 6.0 - 8.9  20.9 107 

Ziegeweid et al. 2008b 50% 27.2 6.0 - 8.9  18.7 119 

Ziegeweid et al. 2008b 50% 27.2 6.0 - 8.9  19.6 144 

Ziegeweid et al. 2008b 75 - 95% 31.1 6.0 - 8.9  ≤ 8.5 144 

Ziegeweid et al. 2008b 100% 31.1 6.0 - 8.9  ≥ 16.5 144 
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Table 3.2.  A frequency table comparing locations of telemetered sturgeon to habitat 

quality of Ogeechee and Canoochee river segments (500 m) from January 2008 – 

September 2009.  The three variables analyzed were dissolved oxygen (DO), water 

temperature (T), and salinity.  A value of 1 indicates that the variable was not beyond 

the literature-derived threshold; 0 indicates that it was beyond the threshold. 

 

DO T Salinity # Locations % Locations # Segments % Segments 

1 1 1 408 87.37 1848 75.86 

0 1 1   32 6.85   146    5.99 

1 0 1   24 5.14     34    1.40 

1 1 0     3 0.64   369 15.15 

1 0 0      0 0.00     22    0.90 

0 1 0      0 0.00     16    0.66 

0 0 1      0 0.00       1    0.04 
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Figure 3.1.  Habitat suitability for shortnose sturgeon in the Ogeechee River in January 2008. 
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Figure 3.2.  Habitat suitability for shortnose sturgeon in the Ogeechee River in February 2008. 
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Figure 3.3.  Habitat suitability for shortnose sturgeon in the Ogeechee River in March 2008. 
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Figure 3.4.  Habitat suitability for shortnose sturgeon in the Ogeechee River in April 2008. 
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Figure 3.5.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in May 2008. 
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Figure 3.6.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in June 2008. 
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Figure 3.7.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in July 2008. 
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Figure 3.8.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in August 2008. 
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Figure 3.9.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in September 2008. 
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Figure 3.10.  Habitat suitability for shortnose sturgeon in the Ogeechee River in October 2008 (*telemetry data missing). 
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Figure 3.11.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in November 2008. 
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Figure 3.12.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in December 2008. 
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Figure 3.13.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in January 2009. 
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Figure 3.14.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in February 2009. 
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Figure 3.15.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in March 2009. 
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Figure 3.16.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in April 2009. 
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Figure 3.17.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in May 2009. 
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Figure 3.18.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in June 2009. 
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Figure 3.19.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in July 2009. 
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Figure 3.20.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in August 2009. 
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Figure 3.21.  Habitat suitability compared to movements of shortnose sturgeon in the Ogeechee River in September 2009. 
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Figure 3.22.  A comparison of habitat suitability and number of sturgeon locations via telemetry per 500 m segment of the 

mainstem Ogeechee River during July 2008. 
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Figure 3.23.  A comparison of habitat suitability and number of sturgeon locations via telemetry per 500 m segment of the 

mainstem Ogeechee River during January 2009. 
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Figure 3.24.  A comparison of habitat suitability and number of sturgeon locations via telemetry per 500 m segment of the 

mainstem Ogeechee River during July 2009.
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CHAPTER 4 

CONCLUSIONS 

 Shortnose sturgeon of the Ogeechee River do not appear to form a unique 

population.  The current, and historical, lack of juveniles in the Ogeechee River 

appears to indicate persistent recruitment failure.  Poor summer habitat quality 

severely limits habitat suitability and availability and may constitute a population 

bottleneck.  However, abundance estimates have remained static over the last 15 

years, despite being protected by the Endangered Species Act.  If the Ogeechee 

supported a unique population of shortnose sturgeon, then persistent recruitment 

failure and poor habitat should lead to local extirpation.  In support of my theory that 

the Ogeechee River is not a unique population, I identified several movements of 

shortnose sturgeon to and from the neighboring Altamaha River.  Genetically, the 

stocks of shortnose in the Altamaha and Ogeechee rivers are indistinguishable 

(Wirgin et al. 2005, Wirgin et al. 2009).  I believe that the stocks of shortnose 

sturgeon in these two rivers form a source-sink metapopulation. 

 Previous studies have proposed that large density-dependent populations may 

serve as sources for source-sink metapopulations with smaller neighboring river 

systems (Kynard 1997, Walsh et al. 2001).  If most immigrants in the Ogeechee 

originate from the Altamaha River, as our field evidence and separate genetic 

analyses all suggest, then the two stocks meet the description of a source-sink 

metapopulation (Pulliam 1988, Figueira and Crowder 2006, Wilberg et al. 2008). 
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 The Ogeechee River stock may be limited by a lack of suitable habitat during 

the physiologically stressful summer months.   Shortnose sturgeon appeared to move 

in response to water quality conditions, avoiding what I characterized as most 

unsuitable.  I found that during these conditions, shortnose sturgeon used only a 

small, ~ 15 rkm segment of the Ogeechee River near the confluence with the 

Canoochee River.  With all sturgeon located in such a small portion of the river, 

intraspecific competition for resources would likely increase significantly.  My results 

support the theory that poor summer water conditions may cause a habitat “squeeze,” 

thereby limiting juvenile recruitment as well as adult survival (Secor and Niklitschek 

2001).  These limiting factors may be less severe on the larger Altamaha River 

population.  For example, the Altamaha River has ~3.7 times more freshwater input 

and a watershed three times greater than the Ogeechee (Sheldon and Alber 2005).  No 

published studies exist, but the amount of suitable habitat during the summer is likely 

much larger in the Altamaha River than the Ogeechee River. 

 Future studies of the Ogeechee River shortnose sturgeon stock are needed to 

continue monitoring population trends and better assess the exact relationship 

between this stock and the neighboring Altamaha River stock.  Because recruitment 

and abundance are subject to stochastic and environmental influences, long-term 

studies are required to draw broad conclusions about population and reproductive 

status.  Identification of migratory routes between the Ogeechee and Altamaha rivers 

is necessary to properly protect all habitat used by shortnose sturgeon.  Other river 

systems should be analyzed to determine the possibility of source-sink 

metapopulations and to support genetic delineation of DPS’s.  Additionally, other 
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river systems should be analyzed for summer water quality conditions using methods 

similar to ours to determine correlation between relative abundance and habitat 

availability.  Future research should try to identify and quantify suitable spawning 

habitat in the Ogeechee River. 

 Our research fulfilled one of the goals of the NMFS Recovery Plan (1998) for 

the shortnose sturgeon: determine abundance, age structure, and recruitment for 

population segments.  Additionally, assessing shortnose sturgeon habitat use and 

quality is one of the primary objectives of the NMFS Recovery Plan (1998).  The 

knowledge gained from this study can be used to protect and restore critical habitats 

for sturgeon.  Effective management strategies for the recovery of shortnose sturgeon 

require a better understanding of the influence of habitat quality on populations.  Our 

study provides the methods necessary to analyze this relationship and provide a 

quantified estimate of how habitat quality affects the movement of shortnose 

sturgeon. 
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