Evaluation of robust redhorse (Moxostoma robustum) introduction into the Broad
River, GA spanning years 1995-2001

Submitted to:
Georgia Department of Natural Resources

By

Byron J. Freeman, ‘
Carrie A. Straight, John R. Knight, and Casey M. Storey

Institute of Ecology
Athens, GA 30602
Winter 2002



Executive Suinmary
Introduction

Methods

. Results

Discussion
Conclusions
Literature Cited

Tables
Table 1. Stocking sites and dates in the Broad River Watershed ‘
Table 2, Survey collections and locations by Institute of Ecology personnel
Table 3. Collected robust redhorse within the Broad River Watershed
Table 4. Information from coded-wire tags of collected robust redhorse.
Table 5. Gut analysis summary for adult robust redhorse

Table 6. Summary of collection locations, diet, and migration of robust redhorse,

Figures '
Figure 1. Proposed hlstoncal range of robust redhorse.
Figure 2. Map of the Broad River Watershed.

- Figure 3. 1995 stocking locations and numbers.
Figure 4. 1996 stocking locations and numbers.
Figure 5. 1997 stocking locations and numbers.
Figure 6. 1998 stocking locations and numbers.

Figure 7. Surveyed reaches and locations of captured robust redhorse by Insititute of

Ecology personnel.
Figure 8. GA Coop Unit sampling stations within Clark's Hill Reservoir.
Figure 9. GDNR and SCDNR sampling stations within Clark's Hill Reservoir. -
Figure 10. Length frequency diagram of other collected catostomids.
Figure 11. Adult and juvenile robust redhorse gut summary. -
Figure 12. Other catostomid species gut summary.
Figure 13. Log length/log weight regression of collected robust redhorse.

Images :
Image 1. Radiograph showing an embedded coded-wire tag in a robust redhorse.
Image 2. Microscopic photo of a coded-wire tag.

Appendices :
Appendix I. Taxonomy of catostomid species addressed in this manuscript.
Appendix II. Migration distance summary.
Appendix III. Preliminary growth figure.

17

24

35

36

39

40
44
46
48
49

51
52

53

54
55
56

57

62

63

65
66
68

58
59
60
61 .

b



Moxostoma robustum Summary for Years 1995-2001 1

Executive Summary

A reintroduction effort to establish a self-sustaining populatlon of the robust redhorse
Moxostoma robustum (Cope), in the Broad River system (Savannah River Drainage) of
‘Georgia was conducted from 1995 to 1998. During this period, approximately 40,000
individual fish representing 1993, 1995, 1997, and 1998-year clasé_es of artiﬁcially proi:agated
Oconee River-derived robust redhorse were released into the Broad River and its major
tributaries in Franklin, Madison, and Oglethorpe Counties, Georgia. Monitoring efforts
conducted through 1999 within the upper Broad River system failéd to detect robust redhorse,
other than recently released fish. Beginnirig in 1999 however, rouﬁne monitoring efforts of  the
GA Cooperatlve Fish and Wildlife Unit (GA Coop Unit), Georgla Department of Natural
Resources, and South Carolina Department of Natural Resources revealed robust redhorse in
Clark’s Hill Reservoir (on the Savannah River) approximately 100 to 140 km from the initial
release points in the Upper Broad'R‘jvcr, system. Subsequent surveys conducted during 2001 in
the Upper Broad River system revealed robust redhorse from two year classes throughout the
area encompassing the initial release locations. Since 1999, robust redhorse have been

consistently cotlected from the terminal free-flowing shoal section of the Broad River (Anthony
- Shoals). Recent collection efforts (2002) in the upper portion of Clark’s Hill Reservoir (tail -
~ waters of Russell Reservoir) by the GA Coop Unit revealed the presence of several robust
redhorse répresenting two year classes. Survival of 1995, 1997, and 1998-year class fish have
now been documented. Visﬁal observations of putative 1993 fish have also been made. Robust
redhorse of reproductive age and size now exist within the Broad River-Clark’s Hill Reservoir
system, however, spawning has not been documented to date. Reintroductibn cffoﬁs were
halted after 1998 with the discovery that Altamaha River Drainage fish (Oconee River) and
newly discovered population of Savannah River fish below Augusta, Georgia repreéent discreet
Evolutionary Significant Units (ESU) The existence of an exant population of Savannah River
ESU fish coupied with the existence of Altamaha ESU fish within the reservmr system (Cla:rk’
Hill) approximately 40 miles upstream from Augusta prompted concern over possible
.population genetic'impacts of the Broad River reintroduction efforts.
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Introduction
The robust redhorse, Moxostoma robustum (see Appendix I), is a large imperiled
catostomid flsh native to southeastern Atlantic slope drainages. The species' known native
range extends from the Altania.ha River drainage in Georgia northward to and including the Pee
Dee River drainage in North Carolina and South Carolina (Fi gure l). Three known extant wild
populations are now restricted to a limited portion of 1) the Ocon‘ee'River between
B Mrlledgevﬂle and Dublin, Georg1a 2) the Ocmulgee River between Macon and Hawkinsville,
‘- Georg1a and 3) the Savannah River in the Fail Line Zone around and below Augusta, Georgla :
~ and North Augusta, South Carolina. A _v1ab1e wild population of unknown size also perslsts in
- the Pee Dee River drainage (North Carollna and South Carolina) where a few indivlduals have -
been captured in annual intensive samphng efforts since April 2000 | |
The robust redhorse is con31dered an xmpenled species because of the large apparent
reduction in speexes range and abundance. Even if the robust redhorse persists in 1 the Pee Dee
“as well as the Savannah and Altamaha dramages abundances are dramat.lcally reduced
compared to E. D. Cope's (1870) accounts of fishery catches of the sucker All remaining .
populatrons persrst in rivers with flows influenced by hydropower dams. The largest known
poouletion, in'tlle Oconee River disolays sorne evidence of recent juvenile recruitment to the
populatlon, for example we have observed smaller males j Jommg spawning aetlvrty dunng two
of the past SIX years. However because the populatlon is skewed toward older age classes, |
‘concerns remain that spawning or juvemle habrtat may be 11m1t1ng Effects of flow alteration
by dams on population dynamics of the robust redhorse are not known. Potential loss of
- suitable habitat beceuse of hydrologic alteration, especially for life history stages considered '

having the narrowest habitat requirements, is a primary management concern.
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Robust redhorse, then under the scientific name Ptychostomus robustus, were originally
collected in 1869 and described in 1870 by Cope. Ichthyologists misapplied this name to the
smallfin redhorse (now known as the brassy jumprock, Scartomyzon sp. cf. lachneri (see
Appendix I)). The misapplied name was a problem not recognized until decades later. The
~ next known collection of robust redhorse occurred in 1980 by biologists from the National
Academy of Sciences in the Savaﬁnah River. At the time of its collection, the identity of the

* collected fish was unknown, Future studies of this individual and another individual caught in
*the PeeDee River in 1985 revealed that these fish more appropriately fit the description of
robust redhorse written by Cope. In 1991, the collection of the five specimens in the Oconee |
River occurred during surveys conducted for FERC (Federai Energy Regtﬂatory.Commission)
re-licensing of Georgia Power Company's Sincléir Reservoir project. The long entangled
history of thi; fish and its effective disappearance from ichthyologists probing eye has resulted
in a vast pahcity of natural history information about this Qpecies. Due to the species apparent
. lack of abundarice and scientists' insufficient knowledge of the species, the U.S. Fish and
‘Wildlife Service listed it as a Species of Special Concern (formally known as a Category 2
species). In addition, the state of Georgia listed this species as Endangered. The discovery of a
' pbpulation of this imperiled species below a hydropower project_applying for renewal of 5 50-
yeér license propelled the conservation status and-lpotential listing under the Endangered
- Species Act squarely into the re-licenéing discussions. To accommodate concéms_ of all
parties, avoid immediate listing and immediately begin recovery eﬂ’érts, a Memorandﬁxn 6f
'Understanding (MOU) was developed involving federal, state, and private partners, including |
Georgia Power, US Fish and Wildlife Service, Georgia Department of Natural Resources

(GDNR), South Carolina Department of Natural Resources (SCDNR), North Carolina wildlife
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Resources Commission, United States Geological Survey, and other utilities and conservation

~ groups. The Robust Redhorse Conservation Committee (RRCC) and the Oconee River Flow
Advisory Team were formed in 1995 through this MOU with the purpose of addressing specieé_
recovery and specifics of the re-li;;énsing of Sinclair Dam. |

Acknowledging that the Oconee River population of robust redhorse was possibly the
only significant population within the presumed historical range of the fish it was determined
~ that an establishment of additional populations via artificial breeding and stocking was essential |
for the preservation of the species. The goal of the RRCC was to identify potential river
systems for reintroduction of robust redhorse and to implement a breeding and stocking
program utilizing the existing Oconee River population as the source.

After an‘lassessment of potential riverine systems in Georgia suitable for reintroduction,
it was cletermined that the Broad River system in northeast Georgia would be the initial site of
rein&oduéﬁon (F1 gure 2). This river occurs in the hypothesized historic range of the robust
redhorse, contained habitat similar to the Oconee River, and was free of significant
ilnpoundments, all characteristics that made it an appropriate candidate for a reintroduction
| effort. |

The first propagation effort began with artificial spawning projects in 1992 and .1 993.
The release of captively-propagated robust redhorse began with a modest effort in March 1995,
followed by a larger releases in November 1996, October and November 1997, and into 1998.
Brood fish obtained from the Oconee River were utilized to establish a population of fingerling
redhorse for release into the Broad River system to create a sustainable population of robust

redhorse in the Broad River system.
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In 1997 Georgia Power Company biologists collected one robust redhorse in the
Savannah River in prbximity to the company's Plant Vogtle. After this discovery a series of
| surveys for robust redhorse were made in the Savannah River near Augusta, G‘eorgia in May
and June of 1998. Six individual robust redhorse were captured during collections from
October 1997 to October 1998 in the Savannah River. These collections confirmed the
existeﬁce ofa uniqué population of robust redhorse within the Savannah drainage of which the
Broad ij}cr was pai't. The discovery led geneticists to question whether the populétion robust
- redhorse from the Savannah River drainage coulci be genetically distinct from the Oconee River
population.

Using fin clips,.W.irgin etal. (200 l)lanalyzec.l miDNA (niitochondrial DNA) control |
region sequences in robust redhorse from the Altamaha (Oconee and Ocml_llgee Rivers) and the
Savannah River drainages. Their results confirmed that there is genetic divergence between the
two popullétions in Georgia. This reséarch coﬁcludéd that reproductive isoiation of these two
ﬂveﬁne populations is complete and they have been isolated for some time. Because all brood
stock for captively-reared fish came from the Oconee drainage, this led to a halt of the stocking
. ‘prog;ram' on th'é Broad River in 1998 before the stocking goal was échicved. The introduction
of uxiique genetic stock of robust redhorse into the Savannah sysiem could create problems fbr
future of the native robust redhorse populations if mixing occurred between these genetically
different stocks. In past féintroduotion efforts of éalfnonids, stocked individuals répldced
indigenous‘populétions of the same species in just a few. genefations (Evans and Willox 1991).

The fish that were stocked into the Broad River in 1998 represent the youngest robust
redhorse known wﬁhin the Broad River system. From the beginning of the stocking program,

an attempt was made to document the movement and survival of the fish stocked into the



Moxostoma robustum Summary for Years 1995-2001 6

system. While the population targets have not been achieved within this watershed, the work
__/_d_mw}u's system serves as a valuable learning tool that may prove insightful for future

programs auned at sustaining the robust redhorse as a species. The following )document

outlines the work put forth and the discoveries made during introduction and monitoring

| program of the robust redhorse into the Broad River system.

. Methods

Rearz‘ng / Stocking Methods
The stocking of robust redhorse into the Broad River began in 1995 after the formation |
of the stocking plan developed by the RRCC. The reintroduction effort began w1th the capture
and spawning of adult robust redhorse from the Oconee River. Researchers coliected brood
fish using boat-mounted electrofishing gear. Once collected, these brood fish wefe refuraed to
temporary spawning facilities constructed on the banks of the Oconee River at river mile 91.7
in Laurens County, Georgia. Eggs were taken from gravid females or from females induced to
ovulate via hormone injection. Eggs were miaced with sperm for fertilization. The fertilized
eggs produced at the spawning facility were dlstnbuted to several incubation facllmes
| 1ncludmg Warm Springs Reglonal Hatchery operated by the US Fish and Wlldllfe Service,
McDuffie State Fish Hatchery and Rlchmond Hilt Fish Hatcheries operated by‘ GDNR, and
University of Georgia (UGA) Whitehall Fisheries Lab operated by the Georgia Cooperative |
Fish and Wildlife Research Unit at the University of Georgia (GA COQP). After hatching, fry
were transported to various fish hatcheries throughout the state of Georgia for the grow-out
- phase. These fish were raised in warm water rearing ponds, until their prospective release -

dates.
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Rearing success of robust redhorse was highly variable from year to year due to high
mortality rates of juveniles and scarcity of brood fish in the Oconee River. Despite the
discontinuation of the stocking program in the Broad River, the capture and sf)awning of brood

| fish and the rearing of robust redhorse juveniles still continues as part of the recovery program
for the Oconee and Ocmulgee Rivers (Altamaha River drainage) and the Ogeechee River
Drainage. Recently (2001 and 2002), low reaﬁng success was due in part to a lack of brood

_ fish availability, possibly indicating a decline in the Oconee River mainstem_population.

Before release, each ﬁsh was ﬁtted with a binary coded-wire tag in different locations to

facilitate aging of captively-reared fish recaptured after their release into the wild. Tag |
placement for each stock year was unique. In 1995 fish, tags were placed in the left cheek
: musculature,:in 1996 fish in the right check muﬁculature, in 1997 fish near the dorsal fin base
on the right side, and 1998 fish near the anal fin base on the right sidé. Fish were transpbrtéd to
stocking sites in oxygenated tanks. Tank water was tempered to near receiving water.
‘ temperaturé, and all stockings were point releases of large numbers of individuals, Sto‘ckings
were generally cafried out within 48:hours of removal of fish from grow-out ponds. This
process was repeated annually until the discontinuation of the Stocking program for the Broad.
' Riyer.
Stockir'zg Chronology
Stoéking ocourred from 1995-1998, at various sites within the Broad River Watershed
_in Franktin, Madison, and Oglethorpe Counties, Georgia (Figures 3-6). Eight sites were
selected for stocking in the Broad River System over the course of the program (Table 1).
. Most fish stocked in the Broad River Watershed, with the exception of those stocked iﬁ 1995

(the first year of the program) and some fish in 1998, were phase I fingerlings (age: 0+ year).
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In 1995, the fish stocked were phase II (age: 2+ years, from the 1993 year class) and in 1998 a
some fish were also phase II fish (from the 1996 year class).

In 1995, 545 fish were stocked into. the Broad River Watershed at three locations
(Figure 3). The 1995 stocldng included 195 individuals relegsed into the North Fork of thgé
Broad River at Highway 51 in Franklin County,‘?.SO released into the South Fork of the Broad
River at Highway 22 in Madison County, and 100 released into the South Fork of the Broad
- River above Watson Mjll dam at Watson Mill State Park on thc_e Madison/Oglethorpe County
line. | | |

In 1996, 1,274 phase I fingerlings were stocked at two sit‘esrin Franklin, Madison, and
Oglethorpe Counties (Figure 4). The Hudson River (a tributary of the Broad River) was .
sfocke‘d with 1;124 individuals at U.S. }Iighway 29 in Madison County, and 150 individuals
were smcked"at the same Watson Mill Pask site as in 1995.

In 1997, over 25,000 robust redhorse phase I ﬁnge_rﬁngs wefc released at six sites
w1thm the Broad River Watershed (Figure 5). Stockings included the release of 3,000 ,‘ .
.Iﬁngerlings into the Middle Fork of the Broad River at Atkinson Bridge Ro_aci in Franklin
| County, 926 fingerlings at the Highway 51 site on the North Fork of the Broad River, 9,900

into the North Fork of the Broad River downstream of the low-head dam at Highway 145 in |
Franklin County, 4,300 into the Hudson River at Highway 106 in Madison County, 5,731 into
the Hudson River.at Highway 29 (stocked also in 1996), and 1,350 into Hannah Creek at |
Hannah Creek Church Road in Franklin County.

In the final year of stoc'ki'ng (‘1998), 6,567 individuals representing 2l year classes were
released (Figure 6). These fish included 3,226 phase II fish (from 1997 year class) andA2,738

phase I ﬁngeﬂings (from the 1998 year class). Stockings included 5,339 fish in the Hudson
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River at Highway 106, 621 at North fork of the Broad River at Highway 51, 246 fish at North
Fork Broad River at Highway 145, and 361 at Hannah Creek at Hannah Creek Church Road.
Stocking was discontinued after 1998, because of concerns over stocking fingérlings from a
different Evolutionarily Significant Unit (ESU; Oconee River fish) into the Savannah River

Drainage (as explained above).

Monitoring Methods" by UGA, Institute of Ecology Personnel
A variety 6f methods and equipment have been used to monitor stocked robust redhorse
| within the Broad River Watershed. The method used depended 6n river conditions, size of the
| area to be sampled, and habitat condi'tiqns present within the sampling reach. In wadeable
areas, éurveys utilized a Smith-Root™ backpack elccfroﬁsher, Model 12 (BPEF). In addition,
seine hauling‘and grid shocking was employed on :a limited basis in habitats that were
appropriate for the technique. When habitats were unsuitable for BPEF, a 14-foot aluminum
jbhnboat and an 18-foot canoe were équipped with electrofishing equipment and utilized for
surveys. The jdhnboat was used mainly to shock in deep, swift runs and in other areas less
suitable for canoes. The canoe was especially éffectiVe while samplihg in a downstream
direction during low river stages. Pulsed DC outputs were used on these shocking units and
~ output vbltageé. varied, ranging from 400 to 800 volts.
| ‘The anodes used on the sho'éking boats were of thrée types. The johnboat array
consisted of one or two anode rings with stainless steél cable droppers, each a&ached toa
-ﬁbe'rgléss pole (Wisconsin-type). Two different canoe arrays were used. One design consisted
of four pieces of stainless steel cable connected to the output via 16-gauge electrical wire and
suspended from the ends of a “Y™ shaped array‘fashioned from one inch PVC pipe. The second

design consisted if a single Wisconsin-type anode ring and droppers. - In all cases, the boat’s .
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hutl served as the cathode via a grounding connection to the electroﬁshiﬁg unit. A BPEF was
~ used for canoe shocking and in some cases using a johnboat, however most johnboat
electrofishing employed a Smith-Root™ 2.5 GPP unit. _ | ’
| Grid shockers were_.used beiow the low head dam on the North Fork of the Broad River

at Eﬁghway 145 where water conditions precluded sampling by other means and oﬁ sandbaré to
attempt collection of small individuals at night. Grid shocking involved the use of Smith-
- Root™ 2.5 GPP electroshocking unit connected to 1.5 x 8 meter or 1.5 x 0.5 meter grids
fashioned from stainless steel cé.bles and separated w1th PVC spacers. AC and full power |
setting were used to sample areas identified as typical juvenile sucker habitat.

The locality, time of day, river conditioﬁs, sampling method, and duration (person hours
é.nd shocking time) were recorded on standardized field sheets. All small Moxostoma spp.
(:->‘1 Ocm) and '.:a sizé series of lafger Moxostoma spﬁ. Were rétained for growth and diet studies.
In addition, a subset of Scarfomyzon rupiscartes (striped jumprock), brassy jumprock,
Erimyzon oblongus (creek chubsucker), and Hypentelium nigricans (northern hog sucker) were
_.retainedfor a comparative analysis of catostomid prey items in thg'watershed. Most other
fishes were kept ﬁnd returned to the lab for confirmation and _aré accessioned at the Georgia
Museum of Natural History. Specimens not'preservgd-were identified in the field and released.
‘Standard lengths (SL) were reéorded on all large Moxostoma and Scartomyzon species and
information concéming species abundance was noted. Robust redhorse captured during
surveys were méasu_red and released with a small subset preserved for gfowth and feeding
studies.

In:an attempt to locate coded-wire tags in the collected fish udthout reducing the

integrity of the specimens' tissue, initial recaptured robust redhorse were radiographed at the
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Rdyston Animal'Veterinary Clinic. Tags in all radiographed fish were successfully located
(Image 1). Codes on the tags aliowed us to assess hatchery source and stocking locations of
each individual from the 1997 year class after the tag was removed and analyzed. Only fish
collected and not released from the 1997 year class were used to determine stocking location
and migration distances (see below). Coded-wire tégs for 1993 and 1995 year class were used
for yéar class designation only, therefore no stocking localities could be determined from these
fish. |

Monitoring of the stocked redhorse populations began in December 1996 with a
concentration of ﬁmnitoring effort at previous stocking locales (Table 2). High flows shortly
after the initial stocking iﬁ 1996 prevented more extensive surveys that year. -Locations of all
Instltute of Ecology collection locations are found in Figure 7.

In 1997 amore extensive and complete monitoring effort was conducted Seine
hauling has demonstrated efficiency in sampling suckers in other river systems (BJF pers
6bsérvat'ion) and was employed in the Broad River on a limited basis in 1997; It was'primarily
employed in slow, shﬁllow water downstream of point bars and in slack water areas just below
~ sand bars oﬁ the,_inside bends of the river. Hannah Creek, a second order tributary to the main
stem of the Broad River, enters the Broad River approximatety one river mile south of the
 confluence of the Broad Rivér and the Hudson River and was selected as a site to study the
- dispersal of recently introduced juvenile robust redhorse. Visual surveys of this stream
suggésted that habitat was suitable for small robust redhorse and electrofishing surveys
mdlcated a high species richness (24 species). Post-stocking surveys were conducted
downstream of the 1ntroduct10n point to determine if recently introduced fish migrated

downstream of the introduction'point and if so at what rat,e- was the migration occurring.
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Upstream movement was not investigated initially because of a low concrete sill in the
streambed that blocked upstream migration of the stocked robust redhorse. However,
subsequent releases of ﬁnger_lings occurred during higher stage conditions that would have
allowed passage of fish above the sill. In addition, 300 fish were released on the upstream side
of this sill. Both the upstream and downstream sections were monitored for the presence of

" robust redhorse. From the stocking of robust redhorse in 1997 to the end of the year,
approximately 20,000 additional shocking seconds weré contributed to the total sampling effort
to determine migration of these released individuals.

Sampling conducted during the 1998 field season focused on segments of the mainstem
of the Broad and Hudson Rivers and Hannah Creek, using similar techniques employed in the
1997 field season. Sampling and monitoring in 1999 focused on the Broad River near the
crossing of i—Iighway 281, Hannah Creek, Anthony Shoals, and the Hudson River. Surveys
conducted on Hannah Creek used kick seining and BPEF. Surveys conducted on the Broad
| ‘River, the Hudson River, and at Anthony Shoals used either a boat electrofisher (boat.EF) ora

" modified canoe shocker. Collections were focused only on robust redhorse, and no voucher
collections were retained.

Sampling and monitoring in 2000 was limited to some observational work on the North
Fork of the Broad Riv'er and collections at Anthony Shoals. Collections at Anthony Shoals
were conducted using a boat EF. Asin 1999, collections were species specific for robust
redhorsc, and no voucher collections were retained. |

Sampling and monitoring in 2001 focused on the Hudson River, the Broad River near
Highway 281, and Anthony Shoals. All collections were coﬁductgd‘using a modified canoe.

shocker or boat EF. Collections were species specific for robust redhorse, and no voucher
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collections were retained. Robust redhorse collected from 2000 and later were phdtographed
with a digital camera and were measured and weighed.
The cumulative sampling and monitoring effort leading up to the release of ﬁngcrlings
linl October of 1997 consisted of 125 person-hours, 15 unique collection days, and over 26,000
seconds of shocking time. During the 1998 field season, 262 person-hours and 126,367 -
shocking seconds were dedicated to the sample effort for robust redhorse (Freeman and
- Gregory, 1997). ‘Collections conducted during 1999 consisted of 31 person-hours and 8,960
seconds of shocking time. Additional coliections conducted on Hannah Creek were condlicted
using kick seining techniques. Collections occurring during the 2000. season were limited to
.visﬁal and boat surveys at Anthony Shoals and the North Fork of the Broad River. Collections
conducted during the 2001 season consisted of 54 person-hours and 38,844 seconds of

shocking time:

Monitoring Methods by GA COOP, GDNR, and SCDNR
| "‘I'he GA COOP conducts long term monitoring of Clark's Hill Reservoir, in conjunction
with the Army Corp of Engineer's Lake Russell Pumpback Project. Annual surveys were
~ conducted at these sample locations from 1990-2000 (Figure 8). Collections focused on the
northern section of the _mainst'e‘m of the reservoir. The majority of collections were made using '_
gill nets. The gill nets used were standard 240 feet in length, with a graduated gill mesh that
ranged in size from 1/4inch to 4 1/2 inches. These nets were set surface down, in
approximately 8-10 feet of water. Nets were set, and left for a period of approximately 18-24_
hours.

" Collectiohs conducted by the GDNR focused on the wester portion of Clark's Hill

Reservoir and employed gill nets for collections (Figure 9). Eleven Stations were distributed in
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creek channels and maiﬁ channels of the Little River, Georgia, limb of the reservoir. The
remaining nine stations were located on the Savannah River limb, both in creek chan_nels and in
the main channels. Nets were set suspended from the shoreline and left for approximately 1‘8-

- 24 hours. The nets consisted of three panels that were approximately'BO.Sm each. The panel - -
mesh size was 190mm, 317mm, and 444mm.

Collections cOnducied by SCDNR were conducted using 200-foot gill nets, suspe’n&eci
from the shoreline, in approximately 1-6 feet of water. The nets consisted of three panels that
were approximately 20.5m each. Th.e graduated panel mesh size was 190mm, 317mm, and
444mm. Nets were set for a duration of 18-24 hours. .Collections were conducted annually and -
focused on the eastern sections of the reservoir (Figure 9). The emphasis of these surveys was |
mostly eastern creek channels flowing into the reservoir. Four stations were located 6n the
Little River, South Carolina, limb of the reservoir. The remaining stations Wé_m located on the
southern section of the Savannah River limb of the reservoir.

All specimens collected by GDNR, SCDNR, and the GA COOP were retained on ice
and later stored in a freezer. All robust redhorse collected were sent to the Institute ;af Ecology,
UGA, to gather information located on the embedded coded-wire tags, diet analysis,

movement, confirmation of year class, and other life history traits (Tables 3 and 4).

_ Microhabitét Usage of Juvenile Robust Redhorse
Habitat parameters were recorded at sites where robust redhorse were retained. Habitat
parameters included water depth and velocity; bed sediments, stream flora and substrate, and
water qualify measures. Macrohabitat strucfure was surveyed in the Hudson Rive; from the -
Highway 106 bridige downstream to the ‘I-I.ighway 281 bridge on the Broad Rive? during early

fall 1998, when low water level and low turbidity allowed for more accurate assessment of
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. benthic conditions. Habitats were mapped using a Global Positioning System (GPS, March 11,
Corvallis Microtechnology) and a laser range-finder to measure lengths of habitat units (e.g.,
riffles and pools). GPS data points were differentially corrected ﬁsing post-pr_dcessing software
~ (PC/GPS, ver. 3.3) and entered into an ArcView GIS database. Reach maps were constructed |
by plotting pbsition information on digital raster graphs (DRGs, based on USGS 1:24,000
topographic quad maps) using ArcView. Habitat polygons were digitized in ArcView and

scored based on features (e.g., depth, current velocity, substrata).

Diet Analysis Methodf
| Of the fish collected, 35 were selected for diet analysis. Robust redhorse analyzed for
gut contents were processed at the Institute of Ecology, UGA. A subset of juvenile robust
redhorse and series of other catostomids collected during surveys were also retained for diet
analysis. Specimens used ih the diet study were wéighed and measured (s_tand;'a:drand totai
lengths) prior to removing the digestive tract. The gut contents of these specimens were keyed
to the lowest taxonomic level possible. _Somé prey items were not identifiable due to the
advanced stage of digestion. When discernable, life stages of the prey item organisms were
identified. | |
~ The entire digestive tract was initially preserved in IO%Vforma]in, rinsed, and later
placed in 70% ethanol. Tlhe. total length of the gut was measured and seglﬁents were uncoiled.
Gut contents in lengths of gut ré.nging from 50-120 mm were rinsed from the digestive tract
into a small petri dish with 70% ethanol. Individual food 1tems were observed using
microscopy. Identification and confirmation of bivalves were made based on the number of
hinges. A series E)f bivalve hinge lengths were analyzed for robust redhorse prey size selection

tendencies. All gut contents were retained in ethanol after identification.
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For juvenile robust redhorse and other catostomids an anterior portion of the gut was
removed, preserved, and examined for diet analysis. Contents of the gut Were placedona
counting slide and all recoghizable material was counted under 10X magnification using light
‘microscopy. Recognizable material was grouped by gross taxonomic categories and counted.

| These counts were averaged by species and converted to percentages and expressed as such
~ (Freeman and Gregory, 1997). |
By analyiing prey items in the guts of numerous species of catostomids, comparisons
can be made between species. ‘This will allow us to recognize if other species of fish argé .
‘consuming the same types of prey as robust redhorse consume in areas where robust redhorse
are not found. In addition, a comparison of adult and juvgnile robust redhorse may enlighten
the differences or simiiarities within their diet.

Fish Migration and Grow{h Analysis Methods

Based on information derived from the interpretation of coded-wire tags removed from
collected specimens, diét_ances of migrations downstream from their stocking sites were
calculated for all specimens frofn the 199’_7 year class, Using ESRI’s ArcView®, collection

‘points were plotted on a map and total migfation lengths from stocking points to recapture
pbint were calculated (Appéndix II). | |

A comprehensive study of growth rates for robust redhorse has not been conducted.
Data from collected robust redhorse gafhered by GDNR, SCDNR, GA COOP, and the Institute
of Ecology were grouped based on age class, and used to obtain average lengths and weighté.. |
These fish were co]lec'téd from various areas within Clark's Hill Reservoir, Anthony Shoals,

and within the Broad River Watershed (Appendix IIT). These data were also used to construct a
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length-weight relationship for recaptured Broad River robust redhorse and comparéd to

recently captured wild-lived robust redhorse from the Pee Dee River (Figure 13). |

Results

Stocking

A total of 39,247 robust redhorse were stocked at 8 locations vﬁthin the Broad River
Watershed from March 1995 to December 1998. .Stockir_lg locations ir;cluded two sites oﬁ the
South Fork of the Broad River, one on the Middle Fork, and two on the North Fork of the

‘Broad River. Two sites were located on the Hudson River and the last site was located on

Hannah Creek.

Tagging, Moniroring, and Recapture szronology
| Surveys conducted by the Institute of Ecology in the Broad River systérﬁ failed to
collect anﬁ wild and few captive—reﬁrcd robust redhorse in 1997,‘ 1998, and 199_9. The
exception was a few collections made immediately after stocking (see below). ‘However, more
than twenty fish species were collected during the sampling and mdnitoﬁng period, including
‘other largé species of adﬁlt catostomids, i.e. Moxostoma and Scartomyzon species. The sizes of
other species of catostoxﬁids minimally overlapped recently released robust redhorse, but would
- have overlapped with stocked robﬁst redhorsé a few years after their stocking. This finding -
‘may suggest collection méthods may not have maximally targeted 2-3 year robust i'edhors_e, but
should have been sufficient to ca;ﬁturc fish older than 3 years (Figure 10). Grid shocking '
techniques were effective at collecting smaller catostomids. Hypentelium and other small
bodied fish were ¢ollected with boat EF, however boat EF was not efficient for collecting small
robust redhorse. Collections of other catostomids show that the sampling _techm'ques were

effective at collecting fish that were occupying similar habitat as robust redhorse. In addition,
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collections within the surveyed reaches containing robust redhorse commonly contained other
catostomid species.

Monitoring of juvenile robust redhorse migration began within 24 hqurs after 300
-fingerlings were released into Hannah Creek just downstream of Hannah Creek Church Road.
| This effort resulted in 29 individual robust redhorse collected downstream of the reléase point '
the day after their release. S_cveh of the twenty-nine specimens were retained from these
-coliections to asécss diet of juvenile robust redhqrse. In addition, 37 juvenile robust redﬁorse
were retained from the stocking truck that expired prior to étocking.

The first capture of a stocked adult robust redhorse occurred on 1 Februéry 1999ina
gill net set by the GA COOP (Table 2). Between 1 February 1999 and 19 October 1999, the
GA COQP collected 25 robust redhorse at varioﬁs pointé in the northern portion of the
reservoir (Figure 8). GDNR 5150 collécted 12 robust redhorse Specimens'between‘ 10
November 1999 and 14 November 2000, SCDNR collected two additional specimens on 8
Decéniber 1999 at station 4 and 5. There were no other known collections of robust redhorse at
. the SCDNR stations pﬁof to 1999 or in 2000. This monitoring program will continue into the -
2001 and 2002 season.

On 3 May 2000, at Anthony Shoals ne_:ar.the mouth of the Broad River eight robust
redhorse were collected. On 16 May 2001, again at Anthény Shoals, four robust redhorse were o
captured and estimated to come from the 1997 year class. The next collection of mature
redhorse occurred on 12 August 2001 at the same locale. Three of the fish captured on this”
date were from the 1997 year class and one came from the 1995 year class.

On the 12 July 2001, one mature robust redhorse (from 1997 year class) was captured in

the mainstem of the Broad River less than one mile upstream of the Highway 281 crossing. On
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the same day, another robust redhorse was observed, but not captured, downstream of where
the first fish was collected. . This fish was considerably larger than the first and was estimated

1o be of the 1995 year class. On 19 July 2001, a large robust redhorse (estimated to be from the |

-- 1993 year class) was observed in the same proximity as the previous two. The collection ofa

1997 year class robust redhorse on 6 September 2001 on the Hudson River was the last -

- recapture duﬁng. the 2001 season. The most recent collections of robust redhorse have been .

- within Clark's Hill Reservoir. On 28 October 2002, the GA COOP collected three robust
redhorse in gill nets, two females and one male. The male was from the 1998 yeaf class and _
both females were from the 1997 year class. Both females had readily discernable ova, and ova

| wére ehlarged in one ovary in one of these individuals. These fish would have been 6 years old
in the spring of 2003 and iikely have been candidates for spawning. Another female robust
redhorse was collected from Clark’s Hill Reservoir by the GA COOP on 2 December 2002.

Other robust redhorse have been éollected by the GA COOP in Clarl;’s Hill Reser_\réir, but the
data from these other collections are not cﬁrren_tly available, |

Thirty-nine robust redhorse were collected between 1 February 1999 and 14 November |

2000 by GDNR, SCDNR, and the GA COOP at points within Clark's Hill Reservoir. The total
number of all robust redhorse documented within the Broad River/Clark’s Hill Reservoir

~ system was forty-eighf during this same time period. | |

No collections of robust redhorse were made at the following stations: GA COCP _
stations 1-1, 1-3, 2-2, 2-3, 3-2, 3.3, and 4-1; GDNR statibns 1-10, 12-14, and 16; and SCDNR
stations 1, 2, 3\, 6,7, and 8, All stationllocations were summarized in Figures 8 and 9, and |

Table 6.
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Stocked Fish Migration

Based on information derived from the coded-wire tags removed from the specimens
collected, distances of migrations downstream were calculated for all specimens collected from
the 1997 year class (Table 6). Coded-wire tag interpretations were not conducted on fish
collected from the 1995 stock class (released in 1996), as tags did not have unique codes.
However, since 1995 year class fish (released in 1996) were released in the Hudson River at
Highway 29 or at the South Fork of the Broad River at Watson Mill State Park (with the
majority of those being released in the Hudson River) minimum and maximum migration
distances can be estimated. The minimum migration location of those individuals from the
1995 year class recaptured where those collected at Anthony Shoals, 51 river kilbmeters
downstream from the release site on the South Fork and 76.5 river kilometers downstream of
the Hudson River release site. Those individuals from the 1995 year class collected iq Clark’s
Hill had a possible minimum migration of 51 river kilometers for those released in the South .
Fork and a maximum migration of 95.7 river kilometers for those released in thé Hudson River.
Fish from the 1997 year class had an average migration of 103.1+2.55 km (mean + SE) from

stocking locations to their collection location.

Juvenile robust redhorse migration |
Recaptured juvenile fish were concentrated near the release points, but individuals wcre
- also captured varying distances- downstream from the release point. The recovery of an
individual 2610 feet downstream of the felease point, within 24 hours after its rélease indicates
that at least some released individuals mové rapidly away from the release site. Additional
- surveys also noted the presence of robust redhorse downstream of the release point with no

documented movement upstream (Freeman and Gregory, 1997),
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Microhabitat Usage of Juvenile Robust Redhorse
Robust redhorse collected by survey crews were found in water depths ranging from 54-
67cm and in current velocities ranging from 0.01 to 0.3 m/s. Deécn'ptjo.ns of cbllectioh sites for
- juvenile robust redhorse also suggest t‘hat recently released individuals may be éelectiﬁg deeper,
slow moving water over sand sub,strate‘ and may show some affinity for cover along the
margins of stream banks. |
Macrohabitat mapping allowed compé_ldsons of two reaches Qhere robust redhorse were‘
stdcked in the Hudson River (reach length: 11.9km) and Broad River (reach length: 10. llcm)
Stream widths in the Hudson vary from a minimum of 20m to greater than 60m i_n_shoalé.
Stream widths are somewhaf greater in the Broad, ranging from a minimum width of 32m to
more than 75m in shoals. Water depths in both reaches (at low water stage during the survey)
vary considerabl& and ré.ngé from 20cm to greater than 1.5m. Macroﬁabitat in Bqth Tivers is
dominated by flowing pools (55% Hudson, 80% Broad). The dominant slub*‘sl:raterin both rivéré
across all macrohabitats is coarse sand mixed with fine gravel, Valves of dead Corbicula
Jluminea were eﬁtremely abundant. The largest difference between the two rivers was the
qmdunt of complex habitat. Complex areas are mixtures of exposed bedrock and boulders,
usually with Podostemum ceratophyllum (riverweed), coarse gravel and either moderate to
- swift currents in shoals and runs, or deep flowing pools with boulder and bedrock substrata
adjacent to shoal areas. The Hudson River has 4.5 times as much complex habitat as the ‘

nearby reach of the Broad (136,183m2 and 30,187m2, respectively) (Freeman 1998).
Gut Analysis
Results of diet analysis on robust redhorse collected from Clark’s Hill Reservoir

identified 23 different types of invertebrates representing five different phyla (Table 4). Four
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of the 36 adult robust redhorse used for gut content analysis had no identifiable items in their
gut. Prey items in the Phylum Arthropoda comprised 95% ‘(9196 of 9675 items) of all items

jdentified during the gut aﬁalysis. The second most abundant Phyla present were prey items

“from the Phylum Mollusca, comprising an additional 4% of the food items identified t398 of
9675 items). When looking at a more detailed level of classification, the most abundant food
item in the guts of collected individuals were chironomid larvae, comprising 84% (8141 .of
8675 items ‘identiﬁed). The second most abundant group of identified items in the cﬁllected

| redhorse guts was in the subclass Ostracoda (aquatic crustaéeans with a two-part, hinged

' carapace).' This group comprised 7% (681 of 9675 items) of all itemé identiﬁed.‘ Although not
always the most abundant item in a single individual’s gut, chironomid larvae and bivalves
were present in almost ali individuals. -

Dates when fish were col]ected for the gut analyses varied and spanned all _séasons of
the year (refer -to Table 6 for summary of collection locations of individual fish us?d-for the gut
analysis). HoWéver, the majority of collections occurred in the fall months (24 of the 37 total
collections). Collections of .mb'ust redhorse Were gréuped seasonally aﬁd anafyzed for this

report, Specimens 17-40 were collected in the fail, 1, 2.1, and 2.2 in winter, 3.2-12 in spring,
| and 13-16 du:u'ng the summer (Table 5).

All specimens collected during the fall months conﬁined larval chironomids, except
specimen 21, which had no identifiable items in its guts.” Specimens collécted in falt also
tended to have increased numbers of bivalve (Corbicula spp. ) parts in the gut cavity. The three
specimens collected in the winte.r monthslwere all from the 1995 year class. The only unusual
appearance of items in the gut from the winter months was an abundance of Zygoptera

(damselfly larvae) in one individual’s gut. Five specimens were collected during the spring
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months of 1999. Specimens 3.2 and 8 were from the 1995 yéar class. All specimens collected
with contents in their guts contained some larval chironomids. Two individuals had a diet with
“large amounts of ostracods. This iﬁﬂux of ostracods may.r represent a seasonal variation in diet,
but possibly show a difference in ostracod abundance in the portion of the reservoir these fish
inhabited. Five specimens were collected in the summer months of 1999. All specimens were
from the 1997 stock class. None of these fish had high invertebrate abundances.

Frorﬁ the data presented in this report, there appears to be no relationship between size
of fish (total length) or gut length and presence of Corbicula spp. or chironomids (Corbicz)la:l
R?=0.008 and 0.123; chironomids: R*=0.085 and 0.079, respectively). These results suggest |
that fish size and prey selection may not be related for individuals of this size (233 - 450 mm

TL). -

Juvenile F eeding and Life H istory Studies

- Juvenile robust redhorse collected were found in water depths ranging from 54 cm to 67
cm and in current velocities ranging from 0.01 to 0.3 m/s (Freeman and Gregory, 1997, J.
Harper, unpublished Senior Thesis). The gut contents contained 44.8 % cladocera and 37.9 % |
-chirono'mids indicating that juveniles may be feeding on both planktonic and benthic food
sources soon.'aﬁer release. The gut contents of juvenile robust redhorse that were rerfnove.d
from thé stocking truck (died prior to stocking) were examined and found to contain on averagc

over 90% cladocerans (Figure 11).

Other Catostomids Feeding and Life History Studies
Other species of catostomids fell into a variety of size classes (Figure 10). Dipterans
(chironomids) were the primary prey item for both striped jumprock (n = 12) and brassy

jumprock (n = 11) analyzed from Institute of Ecology surveys (Figure 12). The notchiip
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redhorse (Moxostoma collapsum (see Appendix 1); n = 16) was foraging on mostly cladocerans.
Creek chubsuckers consumed mostly cladocerans and copepods. Northern hog Suckcrs were
foraging mostly on bivalves and some chironomids. Chironomids were the only significant

prey item found in all species and individuals used for this study.

| Growth of Stocked Fish

A length welght regressmn using 38 of the recaptured redhorse produccd a power
function with a significant R? value (R* = 0.963; Figure 13) There were 11 fish were identified
as age 2 fish, 26 fish collected that were identified as age 3 fish, 15 collected that were aged,
and a single spécimen was collected that was identified as an age 6 fish. Fish collected that
were age two fish had a mean total length of 365.4 + 9.4mm and weight of 63'7.6 + 40.0g.
(Appendix III). Fish collected that were age 3 had a mean total length of 418 + 86.1mm and
weight of 896.6 +185.9g. Fish collected that were age four had a mean total length of 443..3 'i-
4.0mm and weight of 1129.7 + 35.0g. No fish were collected that were identiﬁ_cd,as ﬁge 5 fish.
A single age 6 fish measured 570mm and weighed 1814g, which was caught at Anthony Shoals

in 2001.

Discussion
| Reintroduction of robust'rgdhorse into the Broad River Watershed Was appﬁrénﬂy |
“successful. Almost 40,000 robust redhorse were released and some of these individuals have
survived to spawning age. Although stocked individuals were captured in Clark’s Hill (an area
with no spawning habitat), some individuals have returned to upstrea;fn areas where spdwningr is
possible (i.. Anthony Shoals). |
Collections of robust redhorse from the Broad River and its tributaries were largely

unsuccessful until the 2001 season. Past efforts have shown that the collection of robust
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redhorse might be difficult in even relatively small tributaries. For example, in 1995 DNR
biologists sampled for robust redho‘rfse 24-48 hours afier approximately 200 fish were
accidentally released into Dennis Creek and recovered none. The relatively smali number of
fish stocked into the system in 1995 a.hd 1996 may explain wHy no robust redhéme were caught
early in the sampling efforts. While sampling under ideal condiﬁons in 1997, the Institute of
Ecology crew surveyed a site where less than 24 hours earlier 300 juﬁcxﬁlesﬁere released and
only recovered 29 individuals. In addition, high water events ocburring during the winter of
1§96 and 1997 may have moved these ydung fish downstream of the stocking areas sho;ﬂy
after their release.” Non-fingerling robust redhorse were not collected from the Broad River or |
its tributaries from 1995-2000, except collections occurring directly after stocking events on
Hannah Creek. While survival success was confirmed with the collection of the stocked fish in
Clark’s Hill Reservoir, the utilization of the Broad River and its tributary waters by mature
robust redhoré.e was not documente.d in the monitoring years 1996-2000_. | -_
_ The size frequency of all fishes collected from 1995-1998, captured during all boat
electrofishing surveys ranged from 2-105 cm. The size frequency of all notchlip redhorse,
“brassy jurﬁprock, and striped jumprock captured on Broad River boat surve‘ys indicated that our
cqﬁ,ipment and methods were panicularly effective at sampling these species with lengths |
‘ranging from 12-50 cm (Freeman and Gregofy, 1997). These sizes overlajﬁ-in the length ranges
~of introduced robust redhorse (6-12 cm).and the size frequency of captured fishes indicatcs-that
collection of these fish should have bcen possible if fish densities we're.high enough (Freeman
and Gregory, 1997). Individuals from the 1993 and 1995 yéar class would have reached a |

minimum size of at least 300 mm total length, a size easily sampled with a boat EF.
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Habitat Analysis
Quantifying and mapping macrohabitat structure in the mainstem reaches targeted for
reintroducing robust redhorée should allow a better understanding of the pot_ential of these
-reaches to support populations. For example, the number, size, and distribution of patches of
complex habitat may strongly influence the availability of benthic invertebrate prey as well as
| suitable habitat for fishes. Patches of shallow sediment and flowing-pool or run habitats that
lack complexity may fail to provide sufficient prey resources or refuges from predators for
juvenile redhorse. Conversely, complex habitat patches may support higher prey production' '
(because of greater substrate stabi]ity, particularly for filter-feeding invertebrateé) aswell as
structural cover for foraging redhorse. The amount and dispersion of gravel-shoal habitats
would also influence availability of spawning hébitat for a re-established robust redhorse
population. Our initial mapping shows more extensive patches of complex habitat in the
Hudson River than in the upper Broad River mainstem, and a predominance in bo=th systems of
flowing pools (Freeman 1998). The presence of robust redhorse is more likely to occur in these
. more compléx habitats. For example, the two fish captured by Institute of Ecélogy personnel
on 6 Sepfember 2001 were collected in habitat analyzéd and categorized as complex for this

| project. Othgr éollcctions of robust redhqrse by BJF héve also occurred in complex habitats,

~ suggesting a correlation of this fish’s presence and complex habitat.

Diet Analysis
An analysis of food habits of captured robust redhorse indicate that this species feeds on
a wide range of organisms. Dipteran larvae, specifically chironomids, numerically dominated

the gut contents. ‘Chironomids are also the dominant food item in both jumprock species
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(Scartomyzon spp.) analyzed. Moxostoma collapsum had gut contents dominated by
¢cladocerans, dipterans, and bivalves.

The species of invertebrates that were most abundant in the digestive tract of the
‘specimens analyzed are typically associated with lentic habitats. Invertebrates that typically
inhabit lptic habitats were noticeably low in abundance, including members of the- orders
Plecoptera, Tricoptera, Ephemeroptera, Hemiptera, Tricoptera, and Odonata. These
invertebratcé were observed in the guts of collected individuals, yet in most instances were not
abundant. Dipterans (Chironomidae and Culicidae) are observed in a wide variety of hab_i_tat
types and throughout all seasons. There were numerous individuals with mo]lusks in their guts,
'most of the mollusks were bivalves, aithough a few snails were observed in some individual’s
gut contents. All bivalves observed were members of the genus Corbicula, an exotic species
introduced into the United States. This organism is extremely successful in colonizing many
types of habitat‘s. Ostracods another common item in robust redhorse gut contents are
organisms that also occupy a wide range of habitat types. Members of this subclass are often
highly abundant when found. Ostracods that occupy riverine habitats are dorso-ventrally
flattened. However, all ostracods observed were robust in appearance and likely a reservoir
species. Based on these findings, it can be assumed that the robust redhorse collected were
residents of the reservoir at the time of capture.

There is no research for robust redhorse dietary habits and little data pertaining .a.ny )
catostomid inhabiting the Savannah drainage. Barwick and Hudson (1985) conducted research
on notchlip redhorse dietary habits downstream of Hartwell Reservoir (upstream of Lake
Russell on the Sayannah River on the northeast Georgia / northwest South Carolina bordgr).

Results from this research indicated that the notchlip redhorse, collected in September, fed
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primarily on u-icoptérans and chironomids. Based on total weight, tricopterans were dominant,
yet chironomids were numerically dorﬁinant. The numerical dominance of chironomids in
notchlip redhorse was also observed in robust redhorse collected for this study. Although
chironomids may be numerically dominant in many robust redhorse guts, the importance of
other food items may be underestimated because of their relatively low numbérs. For example,
bivalves (Corbicula spp.) were observed in many specimens, yet never highly abund_ant. Adult
robust redhorse from the Oconee River also had Jarge numbers of Corbicula preseﬁt in the gut -
(BJF personal observation). These organisms are significantly larger prey items, and likely
contribute greater nutritional support to the robust redhorse. Seventy-five percenf of robusf
fedhorse had at least one Corbicula hinge present in its gut. This result is not surprising
considering the modified pharyngeal arches of this species, which are used to crush bivalve
shellsrand other hard materials. The ifnp_ortance of other food items is hard to infer ﬁ'om R
available data, but it is clear that robust redhorse at this pafticula: life stage will consumea

large range of invertebrates.

Diet Analysis of Juvenile Robust Redhorse

The gut contents of juvehile robust redhorse retained from stocking trucks were
dominated by cladocerans (Figure 11). The only other significant taxon present were dipterans.
These fish expired prior to stocking; therefore,. resuits of diet analysis can only be used to
_ identify feeding habits in rearing ponds. Phytoplanton and zooplaﬁkton blooms are iﬁitiated by
fertilization of ponds shortly before hatched larvae are transferred to holding ponds. The vast
majority of fish stocked in the Broad River Systehl were from Walton Hatchery, which uses - -
ground water to shpply its rearing facilit.y. Ground water is typically void of zooplankton.

With no running waters feeding these rearing ponds, it is expected that these ponds probably do
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not harbor significant populations of benthic macroinvertebrates. Therefore, the food base in
the rearing ponds may be limited.

The seven juveniles collected from Hannah Creek only sbent a small a.xﬁount of time in
' the stream before recapture, yet showéd a change of diet. Witﬁin 24 hours of their stocking,
these fish increased the diversity of prey items consumed, takin‘g. advantage of new ﬁrey'items
found in the riverine system. Their diet consisted of a large amount of dipterﬁns and
cladocerans, similar to the diet of those juveniles from the stocking trucks. These recently

released fish also had some plecopterans and Corbicula in their gut contents. Since

chironomids are larger than cladocera and our data are based on numerical counts, it is assumed

that chironomids may be a more important food item than the cladocera (Freeman and Gregory,
1997). Data collected from robust redhorse juveniles obtained from Hannah Creek are heipful. _
in identif;lging préy selection tendencies shortly after stocking. | Macroinvertebfafes consumed
by robust redhorse collected ffom Clark's Hill Reservoir appear to be différeﬁt_fro;n those
consumed by juvenile robust redhorse c_ollcctéd from Hannah Creek. The most striking
difference in diet between the juveniles in Hannah'Creek and adults captured from Clark’s Hill
'Reservoir is large range of foods consumed by the adults as compared to the juvéniles. |
Acknowledging that these specimens were collected in different types of habitats, a direct
' comparison is difﬁcuh to asoertairi.
Other related species such as not_chlip redhorse, and both striped and brﬁssf jufnpr_ock
each had gut contents that were cémposed of a large percentage of chironomids, a ﬁnding that
is aléo supportcd by other researchers. Meyer (1962) reported that pfey item selection of

Moxostoma erythrurm (golden redhorse), silver redhorse (Moxostoma anisurum), and

Moxostoma macrolepidotum (shorthead redhorse) included chironomids (91%), Ephemeroptera

ni
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{62%), and Tricoptera (18%) in order of frequency of occurrence of all specimens analyzed.
Barwick and Hudson (1985) reported that silver redhorse (notchlip redhorse on the Atlantic
Slope) were foraging mainly on dipterans representing three families, with chironomids being
-the most abundant. Although each fish species had a diet dominated by dipterans, their diets
| were variable and most species had some cladocerans in their gut contents. Of the other
species of catostqmids examined, northern hog suckers and notchlip redhorse had a large
quanti_fy of Corbicula within their gut contents.
Migration
| The popu]aﬁon of robust redhorse recovered from Clark's Hill Reservoir migrated great
'disté,ncés (some ﬁéh over 140 river kilometers) from the oﬁginal stocking locations, It 1s
- uncertain whether this is typical for the species orlsimply a response to high flows shortly after
Stockihgl. Russell Dani (upstream) and Clark’s Hill Dam (downstream) apparently block
movement throughout the remainder of the Sévannah River éystem, 50 it is not known how far
stocked ﬁsh_may travel. Also, we don’t knov} if the movements recorded are normal behavior
or simply tﬁat of pond-reared'fiéh released into ‘ﬂuviél habitats. The apparent absénce of
- stocked robust redhorse pdst stocldné in the Broad Riv¢f and the rather sudden appearanée of2 |
yéar claéses in Clark’s Hill Reservoir suggest a directed movement by many individuais. The
appearance of larger individuals in 2001 may suggest thﬁt some individuals may be migrating
up the Broad River from Clark’s Hill Reservoir. Bradford and Grutin (2000) reported similar
observations whﬂe observing migration of endaﬁgered razorback suckers (Xyrauchen texam;s).
However, catostomids of eastern Norm‘Ameri.ca evolved under dramatically different

hydrological conditions than westem species and exhibit significant differences in
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physiologicé.l adaptations (Walsh et. al., 1998). Therefore, these similarities must be taken
with soing caution.
| These recent collections of robust redhorse in the Broad River have life-hisfory
implications in relation to the utilization of rivér corndors, impoundments, and tributaries.
Because fingerling and intermediate size-class robust redhorse were not found throughout the
- study lyears 1996-2000 in the Broad River and its tributaries, excluding immediate post-
stocking coliections, it may be assumed that these fish are moving rap'idly downstream to deep
| river _and[ﬁr reservoir waters immediately after release. Further research is required to gain a
greater understanding of this speciés migration patterns.
 Habitat Utilization and Assoéiation
Distribution of robust redhorse in Clark's Hill Reservoir is difficult to ascertain. Resﬁits |
of collections made indicate robust redhorse are distributed throughout the reservbir_. All
captured robust ‘redho_rs.e from the reservoir were stocked individuals. The Broad River eniers
the reservoir as a northwestern limb below the Lake Russell Dam. Some specimens were
collected on what is the mainstem of the reservoir (11 specimens). Most of the fish cbllgcted
“ from the mainstem were at the GA COOP station 3 (8 of the 11 fish captured). This station was
located just ﬁ’pstream of the confluence of the Sé.Vannah and the Broad Rivers. It should be
| noted that two GA COOQP stations were located direcﬂy on the Broad River arm of the ';eservoir
and no collections of robust redhorse were rhade at these stations. The recaptured, stocked fish
appear to be using medium size creek channels for foraging and refuge areas, for example 14 .of
the 25 fish captured from February through October we caught at one of the nets at station 4,
located on the Russell Creek arm of the reservoir. Most fish collected were of the 1997 year

class and appear to be migrating within the reservoir.
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Data collected from the 29 juvenile robust redhorse collected in Hannah Creek suggésts
that recently released individuals may be selecting deeper, slower moﬁng water over Sand and
may show some affinity for cover along the margins of stream banks. It appears these fish
prefer downstream migration possibly using high flow events to trigger mi gration or push
fingerlings downstream. This downstream migration appeared to end in Clark’s Hill Reservoir
where a barrier eliminated any further mi gratioﬁ and where most of the stockéd fish were later
recaptured. o

Despite the small number of robust redhorse collected in the Broad River system, some
generalizations can be made. Recently stocked individuals were coliected only shortly aﬁér
lrelease,'then disappeared from the catch in the “release reaches” of the Upper Broad River
system.. Monitoring in subsequent years should have detected older individuals (2-3 years after
- their release) if they were present in the “release reaches” as their sizes would have been . o

similar to other sucker species captured in the surveyed reaches. Robust redhorse collected in
2001 in the “release reach™ were observed with other specigs (brassy jmpmk-_@d notchlip
redho‘fse) and occupied areas of .cornplex habitat, Ihis habitat‘ is similar to Anthony Shoals (the
| la_'st,ﬂowing shoal habi_tat on th§ rivér, and a possible spawning site for robust redhorse in the
Broad River system). Robust redhorse have been consistently collected and observed in
Anthony Shoals from March 1999 through August 2001.

Stocked robust redhorse continue to utilize the habitat provided by Clark's Hill
Reservoir. In fact, three additiénal specimens Were collected in Clark’s Hill Reservoir by thc'
GA COOP on 28 October 2002 and one more specimen was collected on 2 December 2002
The non-native bivalve (Corbicula .s.'pp. ), a robust redhorse prey item, is also ﬁresent-in

numbers large enough to sﬁpport a population of adult robust redhorse in the Broad River
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_system. Therefore, the utilization of the reservoir habitat may be a predisposed life history trait
for larger pobls that was pfeviously unobserved in Oconee and Savannah populations of the
‘robust redhorse rather than a matter of resource limitation. Conversely, the presence of robust
-redhorse in the reservoir may indicate a need for this species to migrate downstream to utilize
habitats not occurring above the Fall Line. Additionally, a significant amount of habitat within
the lower Broad River was not sampled during the previous five years due to limited access and
- resources. ﬂabitats within this lower reach could harbor mature or sub-mature robust redhorse.
Collectiron efforts from this reach of river in the future could provide valuable information for
understanding the movement aﬁd habitat utilization of robust redhorse within the Broad Rivér
‘System. At a minimum Anthony Shoals and other complex habitats identified in the “release
reach” shoulci be visited during likely times of spawning to record possible spawning events'by

mature robust redhorse.

Problems facing robust redhorse in the Broad River Watershed

The majority of stocking programs in the United States have focused on introductions
of game Species, primarily salmonids. While many programs were deemed a success, some
.‘researchers reported negative iinpacts associated with introduction efforts. Indigenous:
populations of lake trout (Salvelinus na)n&ycu&hj were repiaced by hatchery-stocked fish in just
afew geherations (Evans and Willox“1991). A potential problem could also occur with the
stocked robust redhorse if stocked ihdividuaié bypassed Clark’s Hill dam and mixed with the
wild populations of robust redhorse farther south in the Savannah River drainage. This
problem is of particular concern because the stocked individuals in the Broad River are from a

different ESU than those wild individuals lower in the Savannah River drainage.
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Another potential factor that may hinder the stocked population in the Brpa_d River is
the introduction of an exoﬁc_specieg,_ the flathead catfish (Pylodictis olfvaris). This s_pécies isa
known fish predator that has severely impacted other catostomid populations. Bradford and
Grutin (2000) addressed these concerns while investigating reintroduction efforts of the
 razorback sucker, by stating that the introduction of non-native species was implicated in the
near extirpation of razorback suckers from the lower Colorado River. Marsh ~and Brooks
(1989) specifically identified channel c‘atﬁ_éh (Ictalurus punctatus) and flathead catfish as
intense predators of juvenile razorback suckers (Xyrauchen texanus). Results from their
research revealed that 90% of the flathead catfish and 55% of the channel catfish collected 2
days after a razorback sucker stocking é'vent had juvenile suckers in the gut cavity. It is safe to
assume that flathead catfish are creating a definite threat for juvenile robust redhorse‘stocked in
the Broad River Watershed. Because robust redhorse did not evolve in a sy;stem with ﬂathead'
catﬁsh aﬁd other non-native predators, these stocked fish ﬁlay be at a disadvantage for avoiding
these “new” predators. Juvenile razorback suckers, which also evolved in a reduced
piscivbrous habitat, did not injtiélly avoid predators as easily as no;thern hog suckeré which &d
evolve in amore intense pisci\}orous ccbsystem (Johnson erlal. 1993). Introduced predators
along with stocking stresses greatly decrease the survival of stocked indiyiduals.

| Altered flows influenced by hydropdwér dams in this system and probable altered
migration patterns because of dams are two factors that need to be addressed when learning
more about this species in a system that is greatly influenced by man. Althéugh this study .
couid not dire.ctly address these issues, colléctioﬁs of robust redhorse in Clark’s Hill Reservoir
suggest that at ledst some fish woulc‘l.havc moved bcyonﬁ the barrier providéd by Clark’s Hill

dam. Altered flows may affect different life stages of robust redhorse and flow may affect
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- migration patterns of this species. The affect of regulated flows on this species needs to be

thoroughly studied.

Conclusions

The reintroduction effort in the Broad Ri§3r Watershed has involved many different
stakeholders. Almost 40,000 robust redhorse were introduced into the system; before stocking
efforts were halted. Even thoﬁgh stocked ﬁsh faced a change; in food"réspurces and predators
after stocking, some individuals have survived to spawning age and have been seen in potential
_spawning sites. The true test of this effort will be told in the future, when these in.dividuals. |
begin to spawn. Research on this species, especially looking at habitat use and needs
migration, and spawning habitat and success are just a few items that may help future

reintroduction efforts.
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Table 1. Robust redhorse stocking sites, dates, and total individuals released into the Broad
River Watershed from 1995-1998.

Stocking Locale Stocking Dates Stocked (Total)
South Fork Broad River at : :
Highway 22 3/9/95 - 250
South Fork Broad River at :
Watson Mill State Park 8/9/95, 11/21/96 250
Middle Fork Broad River at
Atkinson Bridge Rd. 11/24/97 . 3,000
North Fork Broad River at 11/10/97, 11/19/97, 11/21/97, 15.800
Highway 145 (below dam) 12/4/98 s
North Fork Broad River at - '
Highway 51 3/9/95, 11/20/97, 11/18/98 1,742
Hudson River at Highway 29 11721796, 11/21/97, 11/25/97. © 6,855
| X ) ' 11/20/97, 11/25/97, 11/4/98,
Hudson River at Highway 106 11/10/98, 11/18/98 9,639
Hanngh Creek at Hannah Creek - 10/10/97, 11/20/97, 11/25/97, 1711
Church Rd. 12/4/98 >

Total: 30,247
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Table 3. Summary of robust redhorse collected from Clark's Hill Reservoir and other areas within

the Broad River Watershed (1999-2001), these data inciude some specimens captured and
~ released. Lengths given are all total lengths unless otherwise noted.

Gut

- Specimen Date Collector  Station 'Iif:it)h W;aght IE:::it)h I:jl::]he:g;: i,t:::_‘
1 02/01/1999  GA COOP 4-2 404 878 620  Gill Net 1995

2.1 02/18/1999  GA COOP 3-1 407 869 560 - Electrofishing 1995
22 02/18/1999  GA COOP 3-1 420 908 690  Electrofishing 1995
3.1 04/05/1999  GA COOP 42 312(SL) 350 N/A  Gill Net 1997

32 04/05/1999  GACOOP 4-2 422 1044 600  Gill Net 1995
3.3 04/05/1999  GA COOP 42 220 117 260  Gill Net 1997
8 05/10/1999  GA COOP 1-2 " 450 1450 610 GiltNet 1995
9 3/12/1999  GA COOP AS N/A 1050  N/A  Electrofishing 1995
10 06/24/1999  GA COOP 2-1 352 540 490  Gill Net 1997
11 06/15/1999  GA COOP 4-2 233 139 380  Gill Net 1997
12 06/15/1999  GA COOP 4.2 324 391 440" Gill Net 1997
13 08/17/1999  GA COOP 4-3 353 650 625  Gill Net 1997
14 08/17/1999  GA COOQP 4-3 373 575 605  Gill Net 1997
15 08/17/1999  GA COOP 43 372 700 615  Gill Net 1997
16 08/17/1999  GA COOP 4-3 387 750 620  Gill Net 1997
17 09/22/1999  GA COOP 4-3 317 425 470  Gill Net 1997
18 09/22/1999  GA COOP- 4-4 386 675 680  Gill Net 1997
19 09/22/1999  GA.COOP 4-4 361 600 640  Gill Net 11997
20 09/22/1999  GA COOP 4-4 368 600 S50 Gill Net 1997
21 10/19/1999  GA COOP 3-4 386 750 380  Gill Net 1997
22 10/19/1999  GA COOP 3-4 391 750 690  Gill Net 1997
23 10/19/1999  GA COOP 3-4 349 500 595  Gill Net 1997
24 10/19/1999  GA COOP 3-4 401 875 620  Gill Net 1997
25 10/19/1999  GA COOP 34 354 525 260  Gill Net 1997
26 10/19/1999  GA COOP 3-4 - 393 825 575  Gill Net 1997
27 11/10/1999  GDNR 20 390 780 505  Gill Net - 1997
28 11/10/1999 GDNR .19 377 635 580  Gill Net 1997
29 11/10/1999 GDNR 18 401 755 680  Gill Net 1997
30 11/10/1999 GDNR 17 387 657 540 Gill Net 1997
31 11/10/1999 GDNR 17 405 750 620  Gill Net - 1997
32 11/10/1999 GDNR 17 385 690 N/A  Gill Net 1997
33 11/11/1999 GDNR 15 419 958 780  Gill Net 1997
34 11/11/1999 GDNR 15 415 905 580  Gill Net 1997
35 12/08/1999  SCDNR 5 N/A 750 720  Gill Net 1997
36 - 12/08/1999  SCDNR 5 N/A 700 720  Gill Net 1997
* . 5/3/2000 UGAEcology  AS 442 N/A N/A  Electrofishing 1997
hk 5/3/2000  UGA Ecology AS 386 N/A N/A  Electrofishing 1997
* 5/3/2000 UGAEcology  AS 403 N/A N/A  Electrofishing 1997
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Table 3. continued. ,
Gut’
. R Length  Weight Method of  Stock
Specimen Date Collector | Station (mm) @ I.(Jle:flt)h Collection Year
ok 5/3/2000  UGA Ecology AS 398 N/A N/A  Electrofishing 1997
*k 5/3/2000 UGA Ecology AS 418 N/A N/A  Electrofishing 1997
fale 5/3/2000 UGA Ecology AS 423 N/A N/A  Electrofishing 1997
ok 5/3/2000  UGA Ecology AS 401 N/A N/A  Electrofishing 1997
37 11/14/2000 GDNR 19 440 949 650 Gill Net 1997
38 11/15/2000 GDNR 18 447 1120 780 Gill Net 1997
39 11/14/2000 GDNR 11 430 770 550 Gill Ngt 1997
40 11/14/2000 GDNR 19 410 (SL) _ 760 . 780 Gill Net 1997
*k 5/16/2001  UGA Ecology AS 365 (SL) N/A " N/A  Electrofishing 1997
ek 5/16/2001  UGA Ecology AS 355(SL) N/A A N/A  Electrofishing 1997
*%  '5/16/2001 UGAFcology AS  365(SL) N/A N/A  Electrofishing 1997
LLE 5/16/2001 UGA Ecology AS 373 (SL) N/A N/A  Electrofishing 1997
*k 6/18/2001 UGA Ecology NF 450 N/A N/A  Electrofishing N/A
‘ . Broad D '
hd 7/12/2001 UGA Ecology  Broad 455 N/A N/A  Electrofishing 1997
hk 8/12/2001 UGA Ecology AS 455 1247 N/A  Electrofishing 1997
*k 8/12/2001 UGA Ecology AS 447 1260 N/A Electr_oﬁshing- 1997
*h 8/12/2001 TUGA Ecology AS 461 1418 N/A  Electrofishing 1997
*k 8/12/2001° UGAEcology . AS 570 1814 N/A  Electrofishing 1995
* % 9/6/2001 UGA Ecology Hudson 450 N/A N/A  Electrofishing 1997
ok 10/28/2002 GACOOP  Clark’s 480 1692 N/A  Gill-Net 1998
| | Hill '
*h 10/28/2002  GA COOP Clark’s 491 1694 N/A  Gill Net 1997
*A 10/28/2002 GA COOP Clark’s 514 ‘1850 N/A  Gill Net 1997
k& 12/2/2002 GA COOP Clark’s 526 2240 N/A  Gill Net N/A
Hill

** These individuals were released or not used for gut analyses.

AS = Anthony Shoals on the Broad River.
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20 - Savannah o |
i’ ~ Ogeechee .
; Atamaha 0 .

8 Satilla
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0 50

-Figure 1. Presumed range of robust redhorse (Moxostoma robustum) in the Altamaha, Sa{rannah, and
Pee De¢ River drainages. The yellow circle represents the location of the original collection by
Cope in 1869. Red circles represent approximate limits of known wild populations. (R.E.
Jenkins, B.J. Freeman, and J.E. Evans, unpublished data).
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* Moxostoma robustum Summary for Years 1995-2001
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of robust redhorse collected within the Broad River Watershed and Clark’s Hill Reservoir

Figure 11. Summary of food habit analysis
| and from the stocking truck. .
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of catostomids collected in the Broad River and Hannah Creek.

Figure 12. Summary of food habit analysis
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Image 1. Location of a coded-wire tag imbedded in the cheek of a robust redhorse.

Image 2. A microscopic photo of a coded-wire tag embedded in a robust redhorse specimen.
Coded-wire tags are approximately 2mm in length.
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Appendix 1. Taxonomy of catostomid references within this manuscript. -

At present the following combinations of fish names do not appear in 1;he~ ‘,;Cplﬁmon and
Scientific Names.of fishes from the United States and Can'ada,l Fifth Edition™ (1 991):' brassS( .
juxhprock (Scartomyzon sp. cf. lachneri), robust redhorse (Moxostoma robz{sium), and notchlip -
redhorse (Moxostoma colla?sum). The_taxonomy of both the brassy jumprock and robust
redhorse is explained in thé introduction. The nbtéhlip redhorsé was fonﬁerly"grbuped with the
silver redhorée, and will be re-elevated under 'its new common and previous scientific name in
the Sixth Edition of Common and Sc_ientiﬁc Naines of Fisheé from the United States and

Canada (R.E. Jenkins, personal communication).
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Appendlx III. Preliminary growth tables (weight and total length) of robust redhorse collected
from Clark’s Hill Reservoir, Anthony Shoals, and the Broad River.

3 4
Age (years)
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