


To the Graduate Counci I: 

I am submitting herewith a thesis written by Robert B. Brinkman entitled "Evaluation of 
crayfish as a keystone organism." I have examined the final copy of this thesis for form 
and content and recommend that it be accepted in partial fulfillment of the requirements 
for the degree of Master's Degree, with a major in Biology. 

r Professor 

We have read this thesis 
and recommend its acceptance: 

Accepted for Council: 

if:c-- J-n ~~ 
Dean of The Graduate &col 



STATEME1 T OF PERMISSION TO USE 

In presenting thi thesis in pa11i al fulfillment of the requirements for a Master 's 

degree at Austi n Peay State University, I agree th at the Library shall make it avai lab le 

to boITowers under rules of the Library. Brief quotations from the thesis are allowable 

to boITowers under rules of the Library. Brief quotations from this thesis are allowable 

without special pe,mission, provided that accurate acknowledgment of the source is 

made. 

Pe,mi ssion for extensive quotation from or reproduction of this research paper 

may be granted by my major professor, or in her absence, by the Head of Interlibrary 

Services when , in the opinion of either, the proposed use of the material is for scholarly 

purposes. Any copying or use of the material in this research paper for financial gain 

shall not be allowed without my written permi ssion. 

Si gnature ____________ _ 

Date ______________ _ 



Evaluation of crayfish as a keystone organi sm. 

A Thesis 

Presented for the 

Master of Science Degree 

Austin Peay State University 

Robe11 B. Brinkman 

August 2002 



DEDICATION 

Thi s thesis is dedi cated to my family and my fiancee Susan. 

Their support and encouragement was essenti al 

fo r me to complete thi s project. 

JI 



LIST OF TABLES 

TABLE PAGE 

I. Carapace length (mm) and weight (g) of crayfish as recorded 
before and after the leaf packet experiment (Exp I). . ......... . ... .. .... 24 

2. Weights (g) of leaf packets before experiment, after experiment, 
and weight lost during experiment (Exp I). . .. .. ... . .... . .... . .... . . .. 27 

3. Carapace length (mm) and wei ght (g) of crayfish as recorded 
before and after the macroin vertebrate experiment (Exp II) .... ... .. . . ... . 29 

4. The percent loss of macroinvertebrates in all eight channels from 
ex pe1iment II (Exp II). . . . .. . ... . ... . .. ... ..... . ......... . . . . . ... 31 

S. Summary of macroin vertebrate data before and after the course of 
experiment II (Exp II) . . .... . . . . ... .. . . .... . . ......... . .... . . . . . .. 32 

6. Water quality parameters fo r experiment I and experiment II . . ..... . ..... 35 

VII 



ACKNOWLEDGME TS 

I wou ld like to thank Dr. Willodean Bunon , my major professor, for her 

guidance and assistance. I would like to recogni ze my committee members, Dr. Steve 

Hamilton for design ideas, providing necessary equipment and tool s, and much needed 

direction, and Dr. Jefferson Lebkuecher for suppo11 and optimism. I would like to thank 

Dr. Don Dai ly for hi s assis tance with the genetic work. Dr. Carol Baskauf gave guidance 

and suppon for the stati sti cal analysi s. Dr. Robert Robison provided assi tance 

photographing crayfish. Thanks to Dr. Guen ter Schu ter for identifying all of the crayfish 

th at I sent to him . I \\'Ould like to thank the George K. Ander on famil y. Cedar Hill , 

Tennessee, for permi ss ion to use their land . Thank you to the undergraduate and graduate 

studen ts who provided ass istance in the lab and fi eld. A special thanks to my fam il y and 

my fianccc for supporting and under landing my goal . Finan ial uppon was provided by 

the Center of Field Bi olo£?. v Au tin Pc::!\' State Cni,·cr it v. Tenne sec Department of ....... ' .. ., 

.A gri culture :rnd En, iro nmcnt al Pro tec ti on Ag.enc y (3 19 \'onpoint Source program), and a 

Tower Fund Grant to Dr. Burton. 

Ill 



ABSTRACT 

A keystone species is critical to a community and has the abi li ty to affect more 

th an one trophic levels. Crayfi sh are ecologicall y important to small stream ecosystems 

and have been desc ribed as keys tone species. They occupy numerous trophic levels and 

are instrumental in making coarse particulate organic material (CPOM) into fine particulate 

organi c material (FPOM) and avai lable for other macroinvertebrates in the stream. 

Two enclosure/exclosure expe1iments were conducted in 2002 to test the role of 

0rconectes placidus as a keystone species. An experiment to determine the impact 

crayfi sh have on processi ng leaf litter was started in February and lasted 28 days. A 

second experiment, lasting 21 days, to study possible impac ts crayfish have on the 

abundance of other macroinvertebrates was started in May. The 16S ribosomal RNA 

gene from the mitochondri al DNA from twenty five specimens of 0. placidus and four 0. 

d11relli was used to geneticall y di stinguish them fro m each other. The DNA fragment was 

ampl ified usi ng polymerase chain reaction (PCR) and treated with Taql and Vspl 

rest1iction enzymes. The di gests were visuall y analyzed using agarose gel electrophoresis. 

0rconectes placid11s significan tl y reduced the weights of leaf packets they were enclosed 

wi th . There was no significant differences in the abundances or richness of 

macroinvertebrates between crayfish enclosure and exclosure channels used as controls. 

The restriction enzyme Taql produced different banding patterns between 0. durelli and 

0. placidus . Bandi ng patterns result ing from di gestion with Vspl were not visuall y 

distinguishable using this procedure. 
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CHAPTER I 

INTRODUCTION 

Keystone species 

A keystone species has been described as an organism that has the ability to 

influence or may be critical to a community (Krebs, 2001). Paine (1966) showed that 

the removal of Pisaster (starfish), the main predator, in a marine environment resulted 

in a decrease in di versity. A stable and di verse community is dependent upon the 

keystone species (Momot et al., 1978). Equilibrium and stability occurs when the top 

predator prevents a single species from monopolizing an ecosystem (Momot et al., 

1978; Pai ne , 1966). Keystone species affect an ecosystem both directly and indirectly. 

Paine (1966) showed that Pisaster directly affected the ecosystem by feeding on 

barnacles, thus preventing them from dominating the ocean subst rate and indirectly 

increas ing the di versity of other organi sms that could coloni ze the substrate. 

Many biologists and ecologists describe freshwater crayfish and their behaviors 

as that of a keystone spec ies (Charlebois & Lamberti, 1996; Creed, 1994; Lodge et al. , 

1994; Parkyn et al. , 1997; Whitledge & Rabeni , 1997). Crayfish are an intricate link 

between trophic levels maki ng energy from detritus , such as coarse particulate organic 

material (CPOM), avai lab le to lower trophic levels (DiStefa no, 1993; Momot et al. , 

1978). Crayfish are generalist feeders that consume fine and coarse detritus, li ving 

macrophytes, macroin vertebrates, and periphyton (Charleboi s & Lamberti , 1996; Lodge 

et al., 1994; Whitledge & Rabeni , 1997). Different studies have shown crayfish to have 



a ~19.nif1c111t. direct innucnce on a!oae and periph t (C 
~ o Y on reed , 1994; Lodge, 1994 ), 

snails (Han son ct al. , 1990; Lodge et al., 1994; Parkyn et al. , 1997), and 

macroi rwertebrates (Charlebois & Lamberti, 1996; Hanson et al., l990). It has been 

doc umented th at crayfish are able to affect macroinverteb t h d h ra es, macrop ytes, an t e 

energy flow to other trophic levels, making them effective keystone species in streams 

(Chambers et al. , 1990; Charlebois & Lamberti , 1996; Momot et al., 1978; Parkyn et al. 

1997; Whi tledge & Rabcni , 1997). 

Allochthonous Material 

Streams rely on large inputs of allochthonous (originating outside the system) 

organic material , including large amounts of leaf litter, as the major energy source for 

the entire community (Minshall, 1967). In-stream leaf litter begins as CPOM but 

through natural processes it is effectively processed into fine pai1iculate organic 

material (FPOM) and made available to other smaller macroinvertebrates (Baer et al. , 

200 1; Charlebois & Lamberti, 1996; Parkyn et al., 1997). Crayfish assist in energy 

transfer by processing the leaf litter and other detritus (Parkyn et al. , 1997). 

Feeding Habits 

Freshwater crayfish are often more active at night, and seek refuge during 

dayli ght hours. As a result , feeding occurs most frequentl y at night , with one study 

showino si onificantl y lower numbers of empty stomachs at night (Whitledge & Rabeni , 
0 0 

1996) . · · h'l noer and become more effective Crayfish are more carnivorous w 1 e you o 

Thi·s 1·dea is supported by Whitledge & Rabeni detriti vores as they become larger. 
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( J 9%) \\' ho rcponed that 3 5-50% of youn o of the \ (YOY) · 
o /ear crayfi sh stomachs 

contained animal matter, while onl y 20% of adult o - l h · ' conectes uteus stomac s conta111ed 

animal matter. A si0 ni ficant portion of th f. h d. · · · 0 e cray 1s 1et 1s comprised of vegetation and 

plan t detritus (Chambers et al., 1990; Whitledge & Rabeni, 1997). Creed (1994) 

sugge ts that large crayfish may consume 30% of their body weight in a 24-hour period. 

Parkyn et al. (1997) found obvious leaf processing after three weeks of freshwater 

crayfish ( Paran eplzrops planifrons) exposure to leaf packs and complete processing in 

channel s with high densities of crayfish. 

Crayfish negatively affected macroinvertebrate communities, including taxa 

ri chness and biomass, when placed in controlled enclosures (Chambers et al., 1990; 

Charlebois & Lamberti, 1996; Parkyn et al., 1997). Some of the hypotheses for the 

decline in macroinvertebrate populations caused by crayfish include direct predation, 

di slodgment by foraging crayfish, and possible inhibition of colonization (Charlebois & 

Lamberti , 1996). Crayfish might also cause mobilization of sediment in streams by 

excavatin o walk.ino foraoino or flippino of the telsons for swimming (Parkyn et al., 
b ' b' 0 0 ' 0 

2000). The disturbance of sediment and small rocks in the substrate may alter or 

di slodoe habitat for macroinvertebrates . Statzner et al. (2000) consider crayfish 
0 

effective ecosystem engineers because they could change the physical habitat conditions 

at baseflow. 

Life History 

Crayfi sh are crustaceans of the order Decapoda. All crayfish east of the Rocky 

C b · d Crayfish are the largest and 
Moun tains are classified in the family am an ae. 

3 



Jon~cst-]1 \'1J1Q. frcsh \\'Jtcr crustacean fou nd in I orth A · (M - ~ men ca omot et al. , l 978). 

Crayfish inhabit a varie ty of env· L k · ironments. a es, streams, nvers, cave streams. 

\\amps, ditch li nes, ponds, and even underground burrows are all specific habitats in 

which crayfish might live . Crayfish are categorized as primary, secondary or te11iary 

burrowers. Primary burrowers live exclusively in underground burrows and usually 

on ly come out to feed at night. Primary burrowers can be found away from an apparent 

body of water. The primary burrowers burrow down to the water table. The secondary 

burrowers often have tunnels along the banks of a water source, directly connecting 

with the water. The tertiary burrowing crayfish make burrows in the substrate of the 

water source that they live in for short-term protection or aestivation. The morphology 

of a crayfi sh is often indicative of the habitat it lives in . A small, streamlined crayfish is 

best sui ted for lotic systems (flowing water) , while large, bulky crayfish more often dig 

burrows or live in lentic systems (still water) . 

Limited research has been conducted to analyze the role crayfish have in stream 

ecosystems (Boyd & Page, 1978 ; DiStefano, 1993 ; Huryn & Wallace, 1987; Mitchell & 

Smock, 1991; Momot et al., 1978). There are approximately twenty life-history studies 

fo r crayfi sh species (DiStefano, 1993), so only generalized information is given for 

breeding parameters and life expectancy. 

Young of the year crayfish hatch from eggs carried on the pleopods of female 

h A t (Smart 196?) The YOY remain crayfi sh. Eggs often hatch from May throug ugus , - · 

f the females and continue to molt 
attached for the first two molts and then separate rom 

. (Pf! . 1996) There are no molts that occur 
numerous times durino the first summer 1eger, · 

0 

. k 1991 . Pflieoer, [996 ; Smart, 1962). A 
during the wi nter months (Mitchell & Smoc , ' 0 

4 



ltfc c.xpcct:rncy is one to three years fo r most crayf· I (Pf! ' . 
1s 1 1eger, 1996; Raben1, 1985; 

Sman, 1962). 

Crayfi sh do not have a continuous orowth pattern b t I I f · 
o , u re y on mo ts or size 

increases (DiStefano, 1993). Growth is primarily achi·eved d · · d · unng spnng an summer 

months, with the largest growth occurring in the May and June (Huryn & Wallace, 

1987; Mitchell & Smock, 1991). Mature male crayfish are sexually dimorphic and molt 

twice per year. The first pair of pleopods of male crayfish are elongated and is the 

sexual organs or gonopods (Figure 1). Males molt from the sexually inactive form II 

stage into the sexually active fonn I stage before they are capable of mating. Form I 

characteristics include gonopods that are comeous and more sharply defined, while the 

fo rm II gonopods are blunted and pliable at the apex (Figures 2a & 2b). The longer and 

sharpened comeous tips of the fonn I gonopods are necessary for the transfer of sperm 

to the annulus ventralis (Figure 3) of females during breeding (DiStefano, 1993). A 

molt from the non-reproductive form II stage to the sexually active form I often occurs 

du1ino the summer and a molt convertino back to the non-reproductive form II occurs 
O 0 

the following spring (Weagle & Ozburn , 1972). Adult females molt once per year, after 

the young leave in early summer (Boyd & Page, 1978). 

Study Animals 

Tennessee has over 78 species of crayfish, at least 27 of them in the genus 

0 (w ·11· & B' ns 2001) Orconectes (Procericambarus) durelli rconectes 1 1ams Ive , · 

· 1 d'no the Hi ohland Rim and 
(Bouchard & Bouchard) has a Tennessee range me u I 

o 0 
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Figure 1. Ventral view of ::i form I Orconecres placid11s. 
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Figure 2a. Form I Orconectes male gonopod. 

Figure 2b. Form II Orconecres male gonopod. 
7 

Form I gonopod 

Form II gonopod 



Figure 3. Ventral view of a fema le Orconectes crayfi sh. 
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N:ishvillc B:isin provinces. It is frequent! f d. 
Y oun in small, gravel streams :ind often 

occurs in leaf litter, root masses riffles pool h 1-, ' s, s ore mes, and under rocks (Williams & 

Bivens, 2001). Orconectes durelli often ha I b . . s a pa e and running honzontally across the 

lateral surface of the cephalothorax (Williams & B' ?OOl) ivens, - . Orconectes (P.) 

placidus (Hagen) has a Tennessee ranoe includino thew t d f h C 
o o es em e ge o t e umberland 

Plateau, Nashville Basin , and HiohJand Rim pro vi· nces e I d. c C k o , xc u mg ypress ree and 

other eastern tributa1ies of the Tennessee Ri ver (W1·II1·ams & B' 200 1) o 1vens, . rconectes 

placidus frequently has a dactyl length greater th an 2.5 times the mesial Jen oth of the 
0 

margin of the palm (Figure 4) (Wi lli ams & Bivens, 2001). 

Genetic Identification 

Crayfish are of hi gh ecological importance and are increa ingly being studied by 

biologists. Understandin g genetic variati on within crayfi h pecie i e sential for 

conservation biology, sys temati cs, and population genetic (Crandall 1996). 

Identifi cati on of crayfish using morphological characteri tic I ometime diffi ult for 

111:iny reasons. In most cases, fo1111 II males , female . and ju enile crayfi h cannot be 

identified with keys alone (Pnieger, 1996). Onl male th at ha molted to the exually 

reproductive form can be reliabl y identified to pecie b_ light difference in the 

gonopods and other detail s (Crandall & Fitzpatrick, 1996: Pnieger. 1996). Many of the 

characteristics used for identificati on are associated with the gonopod and chelae or 

"c laws" of crayfish (Figure-+). Female and juvenile crayfish lack the dec i ive 

· · . ·d tf'cation Crayfish that lose chelae 
morpholog1c:il propen1es to allow fo r accuiate 1 en 1 1 · 
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Figure 4. Dorsal view of Orconectes durelli (left) and Orconectes placidus 
(right) showing chela differences. 
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rc~cneratc smaller and less characteris tic chelae than th · · 
1 

C 
~ e ongma . olors and external 

morphologies are often vari ab le within species and result · d'ff · h m 1 erent species t at may 

appear morphologically similar. 

Crayfish are found worldwide, with the number of species approaching 450 

(Pflieger, 1996). North America has more than 320 species of crayfish documented 

(Pflieger, 1996), with the potential for new species to be described (DiStefano, pers. 

comm, 2002). The Cumberland drai nage hosts the largest diversity of crayfish species 

in the world , leaving most watersheds with numerous species of crayfish. There are few 

crayfish taxonomists, and this decreases the opponunity for biologists to verify species 

in their watershed. Genetic identification would supplement the fie ld biologist's ability 

to describe species and their life hi story. 

Genetic analysis using mtD A has been ucce sful in distinguishing species in 

other organi sms (Routman , 1993; Shaffer & McKnight, 1996) . Higher levels of genetic 

va1i ati on in crayfish may be obtained by restriction mapping of mtDNA, but such 

studies are lacki ng in crayfish (Crandal l, 1996). 

S1uc/\' Area 

C T ee was the tudy ite for thi Spring Creek in Robenson ounty. enne 

. . d _ found in nonhern Middle Tennessee 
expe1iment. Sp1ing Creek 1s a third-or er sueam 

that flows south from Cedar Hill into Sulphur Fork Creek three to four hundred meters 

. ' most reach of Spring Creek provided easy 
downstream from the study site. The ]o\, er-

1 
ent and OrconecTes crayfish. Thi s site is at 

access. deep pools, good solar panel P acem , 

the Anderson Ranch on the east bank of the stream. 
11 



Spring Creek is located in the Inte1ior Pl ateau which . 1 1 III . 
, 1s a eve ecoreg1on 

desc ribed by the Environmental Protecti on Agency (EPA) (Griffith et al. , 1997). The 

Inte1ior Pl ateau has an impress ively di verse fish mussel a d f' hf ·b d , , n cray 1s auna attn ute 

to the complex geology and numerous semi-independent drainage systems (Etnier & 

Starnes, 1993; Gri ffith et al. , 1997). The Western Pennyroyal Kars t sub-ecoregion is a 

more specific hierarchical classi fi cation for the area encompassing Spring Creek. The 

Western Penn yroyal Karst sub-ecoregion covers 2,220 square kilometers within 

northern Middle Tennessee, wi th most of Robertson County fa lling within its 

bounda1i es (Griffith et al. , 1997). 

Soil s described in this sub-ecoregion are mainl y Pembroke, Crider, and Baxter. 

Thi s sub-ecoregion is mostly comprised of agricultural fac ilities including tobacco, 

grain crops, and li vestock farms . The Western Penn yroyal Karst sub-ecoregion is 

between 165 and 200 meters in elevati on, receives mean annual precipitati on around 

125 centimeters, has a freeze-free pe1i od in Tennessee of about 200 days, and has 

potential natural vegetati on of oak-hickory fo rests and bluestem prairie. The karst 

ecoregion has numerous sinkholes and shallow depressions that connect and fo rm 

underground drain age systems resulting in few permanent surface streams (Griffith et 

al. , 1997) . 

Goals and objectives 

f d. s to understand the relati onship between crayfish and There have been ew stu 1e 

. h (Charlebois & Lamberti, 1996). The goals macro in ve11ebrate bi omass and taxa nc ness 

. d stand the role of crayfish as keystone 
of thi s stud y were to obtain data to better un er 

12 



spec ies in an aqu atic community, in particul · . . 
ar, its role m leaf litter processing and 

m::icro in venebrate community composition Al 
O 

. . . . 
· so, to oenet1cally d1stmgu1sh the two 

species of 0rconectes crayfish in Sprino Cre k 
0 e · The specific objectives of this study 

were: 

1) To construct a quadrat sampl d · · er an use It to estimate crayfi sh densities in 

Spring Creek. 

2) To construct a multi-channeled apparatus approximating stream 

environments for crayfish. 

3) To conduct two crayfi sh encl osure/exc losure experi ments to determine the 

role of crayfi sh in leaf litter breakdown and composition of tream 

macro i n ve11ebrates . 

4) To determine whether the 16S ribosomal R A gene from mtD A of 0 . 

durelli and 0 . placid11s can be differentiated geneticall y usi ng re triction 

enzymes. 

These goals and objecti ves were met by te ting the fo ll owi ng nu ll h pothe e : 

a) There is no di ffe rence between leaf li tter breakdown bet, een chan n I with ra fi h 

and channels with out crayfish; b) There is no di ffe rence bw een ma roi n ertebrate 

co mposition in channels with crayfis h and channels with out era fi h· c) Re triction of 

the 16S iibosomal RNA oene from mtDNA , ou ld not produce di fferent banding 
0 

patterns between 0. placidus and 0. d11relli. 
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HAPTER II 

METHODS A D MATERIALS 

Crayfish Collecrion and Identification 

The Form I sex ual stage of male crayfish .. . 11 . . . was m,tia Y used for 1dent1fication. 

Females that were fo und with the males and morphol · II · -1 og,ca y s1m1 ar were assumed to 

be the ame species (G. Schuster pers. comm) Once mo h I · I d'ff · · rp o og,ca I erences were 

known, all individuals col lected could be identified. Orconectes placidus and 

Orconectes durelli were the two species of Orconectes collected and used for this study. 

Crayfish Preparation for Enclosure/Exclosure Experiments 

Once collected, crayfish were stored in containers without food for one week 

prior to introduction to the density manipulation experiment. The crayfish were 

collected by seining, hand picking, or during density experiments. All crayfish 

collected for use in these experiments were weighed and carapace length (CL) measured 

before and after the experiments were conducted. Crayfish were weighed to the nearest 

0. 1 gram (g) using a Scout II portable scale (OHAUS, Florham Park, NJ). Carapace 

length is measured from the tip of the rostrum to the base of the cephalothorax, at the 

midline (Figure 4) . Calipers were used to measure CL to the nearest 0.1 mm (Manostat, 

Switzerland). Only crayfish with a CL of 20-25 mm were used in this experiment. 

Crayfish were uniquely marked on the telson fin by snipping out pieces at different 

locations such that they could be identified later. If a crayfish died during the 



npcnme nt. :.i repl acemen t cra yfish was m d . 
' e:.isure ' weighed and marked as the ori oinal 

0 

and the time they were introduced to the apparat 
us was noted. Marked crayfi sh could 

he mca ured and weighed afte r the ex periment and th 1 e resu ts compared to pre-

e.x pcri men t measurements. An y crayfi sh that perished, escaped from the apparatus, or 

became gravid during the experiment were replaced as soon as possible. At the end of 

the ex pe1i ment , the crayfi sh were removed from the apparat d f f 1 us an rozen or ater 

tudies. 

Crayfish Enclosure/Exclosure Design 

An apparatus was designed and built to contain nine channel enclosures that 

served as artificial streams. The apparatus was built on a 121.9 centimeter (cm) by 

243. 8 cm piece of 1.9 cm thick plywood. The individual channels were 15.2 cm deep 

and 10.6 cm wide by 198.6 cm long with an area of 0.21 m2
. The apparatus was 

covered with a wooden frame wrapped with 0.635 cm vinyl mesh to prevent escape by 

and predation of crayfi sh. The channels were lined with clear plastic to avoid any 

poss ible toxic affects from the treated lumber used in constructing the channels. 

During daylight hours, a SWT-50 solar-powered water pump (Solar Water 

Technologies , Inc., Portsmouth , VA. USA) pumped water from Spring Creek into a 

757-liter reservoir. Water from the reservoir was then metered into the channels at a 

constant flow. 

This apparatus held four replicates of two different crayfish treatments, giving a 

total of eight channels for each experiment. The center channel was not used. The two 

. f h exclosure treatment and a crayfish treatments for these ex periments mcluded a cray is 
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enclosure treatment. The exclosure treatment ch 1 . 
anne contained no crayfish and the 

enclosure treatment channels contained three crayfi h ( . 2 
1s approximately 15 crayfish/m ). 

Each channel was randomly assigned a crayfish treatme t be& th • • n ,ore e expenment usmg a 

random numbers table. Male and female crayfish were cnouped rdi 
c- acco ng to sex to 

prevent mating during the experiments. 

Density estimates for crayfish in run and pool areas of Spring Creek were 

measured using a quadrat sampler (DiStefano, 2000). Densities were measured at 

various times from Fall 2001 through Spring 2002. DiStefano (2000) describes the 

quadrat sampling method as effective method of making density esrirna•es because of its 

known area, high-enclosed sides and bottom flaps minimizing escapemenL Also, it 

could be used in turbid water since visibility was not required. Runs and pools were 

sampled because they have slower flow and produce higher densiti of crayfish than 

higher flow ri ftle areas (DiStef ano 2000). Crayfish densili in o ssouri streams 

a eraged 21.64 crayfish/m2 and 30.6 crayfish/m in run and pool microhabi 

respecti ely (DiStefano 2000). Based on tudies in e Zealand Slft_..s, Parkyn et al. 

(1997) used 16--2 crayfish/m in a stud similar to thi one. B on pre ·ous densi1 

repons (DiStefano, 2000; Parkyn et al. 1997) this stUd used densit or 15 

crayfish/m2 resulting in three crayfish placed in h channel designated high-

density treatment. 

Leaf Liller Experiment 

Leaves from a Sugar aple (Acer sacchanan) ere collected on 

November 9, 200 l. The lea cs ere 8l·r dried and stored until thee periments began. 

16 



S t\ leaf p:ickets per channel were produced and atta h-d . h . . . 
, c e to 1 oug ceramic ttl es in each 

of the c1~ht enclosures. The cerami c tiles were 10 cm X 9 3 X 
1 3 

E h 
I 

f 
~ . cm . cm. ac ea 

]Jacket was between 0.9 g and l.J gin weioht The leaf pack t 1 I d · 
~ b · e s were eac 1e tn water 

se ,en days before initi ation of the expe1iment. Onl y leaf packs and ceramic til es were 

added to the channels fo r this experiment. 

The leaf packets were placed in the apparatus on February 26, 2002 and crayfish 

were introduced to the enclosure channels on March 5, 2002. A multiparameter sonde 

unit (YS I 600 XLM, Yellow Springs Instruments, Yellow Springs, OH) was deployed 

March 12, 2002 and removed Ap1il 2, 2002. The YSI unit collected basic water quality 

parameters in the unused middle channel of the apparatus . The leaves and crayfish 

were removed April 2, 2002. The leaves were placed in individual bags and stored in a 

4°C cooler until dryi ng began . The leaf packets were dried April 4, 2002 at 55°C for 

twenty-six hours . Dry leaf weights before and after the experiment were compared to 

quantify the role of Orconectes in leaf litter breakdown. 

Macroinve rtebrate Experiment 

Apri l 30, 2002, one week prior to the second experiment, gravel substrate was 

added to the apparatus directly from Spring Creek, and left to stabilize before 

introduction of crayfish . An attempt was made to evenly colonize each channel wi th 

h · t began In addition to the gravel and macroinvertebrates before t e expenmen · 

. ki k net sample was taken for each channel macroin vertebrates added with the gravel, a c -

dded to each channel. Macroinvertebrate and the resultin o macroinve11ebrates were a 
b 

. - . . . end of the enclosure/exc losure study by 
dens1t1 es were determrned at the begrnmng and 
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t:i~ing three 0.0064 m
2 
core type samples f h 

rom eac channel (Parkyn et al. , 1997). All 

the m:icroinvenebrates were identifi ed to famil 1 1 . 
Y eve , except ohgochaetes, aquatic 

mites. and copepods, whi ch were not identified further. 

Samples of macro invertebrates were take . h . . 
n pnor to t e addition of crayfish, on 

May 7, 2002. Crayfish were added to channels one f . , our, seven , and eight. The YSI 

sonde was dep loyed on May 8. The sonde unit was placed in the unused middle 

channel. whi ch also had a gravel substrate to approximate conditions in the other 

channel. The crayfi sh were removed and the post-experiment macroinvertebrate 

samples were collected on May 28, 2002. The YSI sonde was removed and the water 

quality infonnation downloaded to a computer. 

Statistical Analysis of Experiments I and II 

A one-way ANOV A was run on the parametric data collected from the leaf litter 

and the macroinvertebrate experiments. The data from the weight-gain of crayfish for 

experiments I and II were non-parametric , and a Wilcoxon test was run . All analyses 

were done using JMP-IN 4 (SAS , 2000), with an alpha level of 0.05. 

DNA Isolation 

At the conclusion of experiments I, the left-rear pereiopod (Figure 1) was 

removed for a ti ssue sample from the twelve remaining crayfish. Tissue samples were 

· · f · ty· twelve of which were later taken fro m another thirteen crayfish that were 111 cap 1v1 , 

used in ex periment II. Ti ssue samples were also taken from four O. durelli for 

The tl·ssue samples were immediately frozen at -80oc. 
comparison with 0. placidus. 
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o Awa isolated using the AquaPure Genomic DN . 
A Kn (BIO RAD, Hercules, CA). 

The frozen ti ssue samples were crushed t . 0 a powder using a mortar and pestle 

set. Genomic DNA Lysis so lution (300 µI ) was add d h . e to t e powdered ti ssue. The 

lysis solution containing the crayfish DNA (300 µI ) w t f . as rans erred mto a clean 1.5 ml 

rnicrofuge tube and pl aced on ice. The samples were mixed thoroughl y by inverting the 

tube 25 times and then incubated at 55°C for 2-3 hours (period· II · · d · 1ca y mvertmg unng 

incubation). RNA was removed by adding 1.5 µI of R ase Solution (4 mg/ml) and 

incubating at 65°C for 45 minutes. 

The samples were cooled to room temperature and 100 µI of a protein 

precipitati on so luti on was added to each cel l lysate. The samples were vortexed at high 

speed fo r 20 seconds to insure uni form mixture. The precipitated protei n was removed 

by centii fu gati on at 13,000- 16,000 X g fo r 3 minutes. The supern atant containing the 

DNA was poured into a clean 1.5 ml microfuge tube contai ning 300 µI of 100% 

isopropanol (2-propanol). The tube was in verted gently -o time and then centrifuged 

at 13,000- 16,000 X g for 1 minute . The DNA produced a small white pellet. The 

supernatant was di scarded and the tube containing the DNA pellet\ a briefly drained 

on a clean absorbent paper. The pe llet was washed wi th 300 µI of 70% i opropanol by 

invert ing the tube several ti mes. The D1 A was collected by enuifugation at l3 ,000-

16,000 X g fo r 1 minute and the supernatant was carefully poured off. The tube wi th 

b b er and left to air dry for 15 
the DNA pellet was then inverted on an a sor ent pap 

d 
. 100 µI of D A Hydration Sol ut ion by incubating 

mi nutes. The DNA was hydrate in 
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for ::; minutes at 65cc. The soluti on wa then vo11exed f . 5 ' or seconds and then stored at 

.fC until used . 

Agarose Gel Electrophoresis 

Agarose gel electrophoresis was perf d . . onne to venfy DNA isolation. A one 

pe rcent ( 1 % ) agarose gel was used. Th I e ge was run in lX TBE buffer and stained with 

ethidium bromide. D A was · d · h I m1xe Wit oading dye and added to the gel. The first 

and the las t lanes were loaded with Lambda HindIII k Th mar er. e samples were 

electrophoresed at 100 volts until the samples rni!rrated d · · ::, own approximately two-thlfds 

of the gel. The D A was placed on an ultraviolet transilluminator to be visualized. 

Any samples void of DNA proceeded through the D A isolation steps and re-tested 

until DNA was secured. 

Polymerase Chain Reaction ( PCR) 

Two microliters of the ex tracted DNA was amplified using the AccuPrime 

Super Mix II kit (In vitrogen , Carlsbad, CA). Amplification of the 16S ribosomal RNA 

gene from mtDNA required primers 1471 (5'-CCTGTTT ANCAAAAACAT-3') and 

1472 (5'-AGATAGAAACCAACCTGG-3') (Crandall & Fitzpatrick, 1996). The 25 µl 

PCR reaction contained 12.5 µl of AccuPrime Supermix, 0.5 µI of 1471 primer, 0.5 µl 

of 1472 primer, 5 µl of template DNA, and 6.5 µI of DNase-free water. The contents 

were mi xed in a PCR tube and placed in the theI111oc ycler at 950c for 3 minutes for 

initi al denaturati on. The solution went through 30 cycles of amplification using the 
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follow ing parameters: 95°C denaturation for 1 minute 42oc 
1
. f . 

, annea mg or 1 mmute , 

and 72°C extension for l.S minutes (Crandall & Fitzpatrick, 1996). There was an 

addi ti onal extension of seven minutes at 72°C. The products were held at 4oc in the 

thennocycler until analyzed. 

Agarose gel electrophoreses was perfonned, as described above, to verify 

success ful completion of PCR. Any samples that were not amplified were discarded, 

and new reactions were run until they were successfully amplified. 

Digestion with Restriction Enzymes 

The amplified 16S ribosomal RNA gene fragment was digested with TaqI 

(Invitrogen , Carlsbad, CA) or VspI (Promega, Madison , WI) restriction enzymes (Perry 

et al., 2001). The restricted DNA fragments were analyzed by agarose gel 

elec trophoresis usi ng a two percent (2%) gel in lX TBE buffer and stained wi th 

ethidium bromide. Photographs were taken of the resulting banding patterns . 
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CHA PTER Ill 

RESULTS 

Crayfish 

Crayfi sh of the genus 0rconectes were collected February and April of 2002 

from Spring Creek and identified as 0rconectes placidus and o. durelli. Dr. Guenter 

Schuster, Professor of Biology, Eastern Kentucky University (EKU) confirmed species 

identification. No other 0rconectes species were collected from Sprino Creek durino 
b b 

these experiments. Onl y 0. placidus was used for the leaf packet and 

macroinvertebrate experiments, while 0. placidus and 0 . durelli were both used in the 

genetic experiment. 

Density estimates were taken on two separate days from Spring Creek. Six 

samples were taken on December 11, 2001 and four samples were taken on December 

18, 200 1. The six quadrat samples taken on December 11 captured 19 crayfish, 

resulting in an esti mate of 3.2 crayfish per square meter. The sex ratio was 47% female 

(9 individuals) and 53 % males (10 individuals). There were 15 crayfish collected in 

four quadrat samples on December 18 resulting in an estimate of 3.8 crayfish per square 

meter. The sex ratio for this day was 73% female (11 individuals) and 27% male (4 

indi viduals) . The combined density estimate (10 samples and 34 crayfish) for Spring 

Creek was 3.4 crayfish per square meter with a sex ratio of 59% females and 41 % 

males . 



Lea{ Packets 

Crayfish in experiment I had a mean inc . CL 
L rease rn of 7% (n = 12) and a mean 

weioh t-gain (wet- weights) of 13% (n = 12) (Table 1) F f' . 
::, . our cray 1sh died and one 

crayfish escaped during experiment I; all five were replaced Th · ·f· . ere was no s1gm 1cant 

difference in the increase of CL (P = 0.1168) or wei oht-oain (P _ 0 877) h 
c c - . among t e 

crayfish in experiment I and experiment II (Figures 5 & 6). 

Leaf packets in the exclosure channels (n = 6/channel) had a mean cumulati ve 

weight of 6.05 g at the onset. Those in the enclosure channels (n = 6/channel) had an 

average cumulative weight of 5.90 g. The crayfish enclosure channels had a mean leaf 

lit ter loss of 1.98 g/channel and the crayfish exclosure channels had a mean leaf litter 

loss of 1.18 g/channel (Table 2) . The loss in exclosure channels is assumed to be 

natural loss due to leaching and microbial decay, which is experienced in both 

treatments. The average increase in leaf litter loss (0.8 g/channel) fou nd in enclosure 

channels is assumed to be crayfish induced . Based on these assumptions , exposure to 

crayfish accounted for 40% of the weight loss of the leaf packets. The average loss in 

leaf we ight for enclosure channels was significantl y different than exclosure channels 

(P = 0.0055) (Figure 7). 

Macroi11 vertebrates 

. inCL of3%(n = ll ) and amean Crayfish in experiment II had a mean increase 

weight-gain (wet-weight) of 15 % (n = 11 ) (Table 3). Seven crayfish died and were 

An el. ghth crayfish , number 48, was fo und dead and 
replaced during experiment II. ~ 

I] The CL and weight of 
panially devoured at the terminati on of experiment · 
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Table 1. Carapace length (mm) and we ight (g) of crayfi sh as 
recorded before and after the leaf packet ex periment (Exp I). 

fnd ivi dual Channe l # CL-before CL-after WT-before WT-after 7 l 21.55 24.50 2.50 3.20 
15 22.20 24.20 3.00 3.50 
18 21.75 21.70 2.70 2.60 l 
') 4 21.30 25 .00 2.60 3.40 

4 4 22.20 24.00 2.80 3.30 

4 22.70 22.40 3.40 3.30 ~ 
3-r(l2) 

f 7 23.40 26.60 3.40 4.40 
C 

17-r(20) 

' ") 
16-r(l0) 7 23.85 23.70 3.40 3.60 

IIJ 
!It 

23 .70 2.30 2.90 ' [ 
23 7 21.65 

! 
8 23 .10 24.00 2.90 2.90 8 

14-r(27) 8 23 .05 26.00 3.30 4.10 

21 8 24.10 25 .80 2.90 3.60 

Total 270.85 29 1.60 35.20 40.80 

Percent increase 7.12% 13.73% 

WT- Weight 
r - repl acement crayfis h . 
(#) - number of days included in expenment 
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Figure 5. Carapace length (mm) of crayfish exposed to leaf litter 
and crayfish exposed to macroinvertebrates. Box plot showing a 
non-significant difference (P = 0.1168). 
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Figure 6. Weight gai n (g) of crayfi h exposed to leaf lit ter and 
crayfish exposed to macroinve11ebrate . Box plot ho, ing a non­
sign ifican t difference (P = 0.877). 
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Table 2. Wei ghts (g) of leaf packets before . 
ex penment aft · 

\\'ei ght los t during the leaf packe t experi ment (Exp I). ' er expenment and 

Cra z:fi sh Exclosure Channels 
Cra~fish Enclosure Channels 

C-2 C-3 C-6 C-9 C-1 C-4 C-7 C-8 LP-1 1.00 1.00 1.00 1.00 1.00 0.90 1.00 1.00 LP-2 1.00 1.10 1.00 1.00 1.00 1.00 0.90 1.00 
LP-3 1.00 1.10 1.00 1.00 0.90 1.00 1.10 1.00 
LP-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
LP-5 1.10 1.00 1.00 1.00 0.90 0.90 1.00 1.00 
LP-6 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Total 6.00 6.20 6.00 6.00 5.80 5.80 6.00 6.00 

LP-l A 0.80 0.80 0.90 0.70 0.70 0.50 0.50 0.70 
LP-2A 0.80 0.80 0.80 0.70 0.70 0.60 0.70 0.60 
LP-3A 0.80 1.00 0.70 0.70 0.50 0.50 0.80 0.80 
LP-4A 0.90 0. 80 0.80 0.90 0.70 0.70 0.70 0.70 
LP-SA 0.90 0.80 0.90 0.80 0.60 0.60 0.60 0.70 
LP-6A 0.80 0.70 1.00 0.70 0.70 0.60 0.70 0.80 
Total 5.00 4.90 5.10 4.50 3.90 3.50 4.00 4.30 

LP-1 loss 0.20 0.20 0.10 0.30 0.30 0.40 0.50 0.30 

LP-2 loss 0.20 0.30 0.20 0.30 0.30 0.40 0.20 0.40 

LP-3 loss 0.20 0.10 0.30 0.30 0.40 0.50 0.30 0.20 

LP-4 loss 0.10 0.20 0.20 0.10 0.30 0.30 0.30 0.30 

LP-5 loss 0.20 0.20 0.10 0.20 0.30 0.30 0.40 0.30 

LP-6 loss 0.10 0.30 0.00 0.30 0.30 0.40 0.30 0.20 

Total loss 1.00 1.30 0.90 1.50 1.90 2.30 2.00 1.70 

% loss 16.66 20 .97 15 .00 25.00 32.75 39.66 30.00 28.33 

C - channel 
LP - leaf packet 
A - weight after experiment 
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Figure 7. Leaf loss (g) between exclosure channels and enclosure channels. 
Box plots showi ng significant difference (P = 0.0055). 
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Table 3. Carapace length (mm) and weight (g) of crayfish as 
recorded before and after the macroinvertebrate experiment (Exp 11). 

Individual Channel# CL-before CL-after WT-before WT-after 

44-r(20) 1 22 .80 25.30 2.50 3.50 

52-r(l 9) 1 22.60 19.60 2.50 2.90 

50-r(20) 1 23 .50 26 . lO 2.50 3.80 

31-r( l3) 4 25 .00 26.40 5.30 5.30 

37 4 24 .00 26 .00 2. 0 3. 0 

40 4 23.40 23 .30 2.60 - · 0 

7 20 .00 21.20 l. 0 l.90 
53-r( l 9) 

7 23. 10 - . -o .00 - · 0 
45 

_I . 0 D ad l. 0 D ad 
48*-r( \4) 7 

2 .10 _- .10 AO .0 
?.7-r(?.0) 8 

_l.40 --· 0 
__ oo .00 

46 8 

_\ .60 
___ Q _AO 

-+9 
_ l .90 

_60. 0 _ 0. 0 - .90 

Total 
_: - · 0 

.0 r'c 
1-L 6rc 

Percent increase 

WT - \\ eight 
r - repl ace;1ent crayfi h . . eri ment 
(#) - number of days in _lude~ 

1
~ ~~\ Pal ulation 

* - crayfi sh 48 , as not inclu e 



cr:ivfi sh 48 \\'Crc not measured or used in th 
1 

. 
- e ana ys1s (Table 3). 

The percent of macroinvertebrate ch 
ange was analyzed between enclosure and 

exclosure channels (Table 4) . The data from • 
expenment II showed no significant 

di ffe rence (P = 0.1481) in the macroinvertebrate po 1 • b 
pu ations etween enclosure and 

exclosure chan nel s (Figure 8). The presence of crayfish in channels caused no 

sioni fican t difference in the percent decline of Pleuroce ·d 01 - h :, n ae, 1goc aetes, or 

Epherneroptera. There was also no significant difference in copepod colonization in 

enclosure channels versus exclosure channels The rema1·n1·no taxa d'd t · · -= 1 no occur rn 

channel s frequently enough to be statistically analyzed. 

Total macroinvetebrate abundances collected in samples for all ei2.ht channels 

decreased from the start of the experiment (331 individuals) to the conclusion of the 

experiment (147 indi viduals). Samples collected prior to the beginning of experiment II 

contained 19 taxa and samples taken at the conclusion of the experiment contained 14 

taxa. There was no significant change in taxa richness caused by the presence of 

crayfi sh in channels . The before and after samples were both dominated by 

Pleuroceridae (gilled snai ls) with 225 indi vi duals (68 9<:) and 110 individuals (75 %), 

respectively. Oligochaetes were the next most abundant taxa fo und in the before and 

after samples with 55 individuals (17 %) and 18 individuals (12%), respectively (Table 

5). All channels at the end of the experiment contained copepods (83 individuals), 

which were absent from the befo re samples. Analyses did not incl ude copepods as 

. h I after the experiment began 
macroinvertebrates because they colonized the c anne s 

(Tables A-1 & A-2 ). 
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Table 4. The percent loss of macroinvertebrates in all eight channels from 
experiment II (Exp II). 

Crayfish Enclosure 
Crayfish Exelosure 

Channel number 1 4 7 8 2 3 6 

Before 49 31 33 24 36 36 17 
Average (16.3) (10.3) (11 ) (8) (12) (12) C.7) 

After 18 11 16 6 17 23 _o 
Average (6) (3 .7) (5.3) (2) C.7) ( . ) (6. ) 

Percent loss 62 .27 64 .52 51.52 75 .00 ~2 .7 6. I 0.00 

100 

75- . 
(/) 
(/) 50-0 

C 
(l) 
() ,._ 

25-(l) 

Cl.. 

0- l 

-25J_--------~,--~E~nccil;os;u~r;e--
7 

Exclosure 

Crayfish 

I an . ,·enebrate bet,, een ex - o 
Fiaure 8. Percent lo f ma roin . n- i nifi nt dif er n e 
en bl osure hannel . Box plot ho\\'In= 3 no = 
(P = 0.1 -t 1). 
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Table 5. Summary of macroinvertebrate data before and after the 
course of expenment II . 

Before After 

Total individuals in all 24 samples 331 147 

Average macroi n vertebrates collected/channel 41.38 18.38 

Range of macroinvertebrates collected/channel 17-105 6-36 

Estimated density of macroinvertebrates /m
2 

2155 957 

Number of taxa found/sample 
19 14 

Total Pleuroceridae in all samples 
225 110 

Percent of Pleuroceridae 
67.98 74.85 

Total Oligochaetes in all samples 
55 18 

16.62 12.24 

Percent of Oligochaetes 
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All crayfi h samples had a s,o b · 
- ase pair frag ment amplified. The Taql 

restric ti on enzyme gave obviously diffe rent band· 
0 mb patterns between the two species 

(Figure 9). Orconectes placidus produced three band f DNA . 
s O and 0 . durell1 produced 

t,, o bands, when restricted with Taql. Fioure 9 is a ph t h . 
b o ograp representing the 

banding patterns typical of DNA fragments from o placidits and o d zz · h · . ure 1 t at are not 

di£ested with restric ti on enzymes, di 0 ested with Taql restn·ct1·0 d ct · 
~ b n enzyme, an 1gested 

wi th VspI restri ction enzyme. The banding patterns resulting from Vspl were not 

di stinguishable by visual inspection (Figure 9). 

Water Parameters 

Water parameters were logged every thirty minutes during experiment I totaling 

1008 samples . The water parameter averages in channel five from March 12, 2002 until 

Apri l 2, 2002 were as follows : water temperature= 11 °C, dissolved oxygen saturation 

= 75%, and ph = 8.25. Water parameters for experiment II were logged every 15 

minutes (2015 total samples) in channel fi ve from May 8, 2002 until May 28, 2002. 

The averages for experiment II were as follows: water temperature= l 7°C, dissolved 

oxygen saturation= 74%, and pH= 7.71 (Table 6) . 
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M 0. durelli 0. placidus M 

L::ines 2 3 4 5 6 

520 bp 
520 bp 

Figure 9. Agarose gel displaying digests of Orconecres placidus 
and Orconecres durelli with TaqI and Vspl. Lanes 2 & 5 are not 
digested samples, Lanes 3 & 6 were digested with Tag I, Lanes 
4 & 7 were di gested with Vsp I, and Lanes l & 8 contained 
Lambda marker (M) 
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Table 6. Water quality parameters for expe1iment I and experiment II. 

ExEerirnent I. Ex2enment II 
Temperature Dissolved Temperature Dissolved 

(C) Oxygen(%) pH (C) Oxygen(%) pH 

Minimum -0 .12 24.10 7.59 6.71 16.30 7.35 

Maximum 25.53 110.30 9.74 30.19 148.10 8.31 

10.92 74.71 8.25 17.21 74.28 7.71 
Mean 
Standard 

16.46 Deviation 4.75 0.44 4.30 28 .75 0.24 
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CHAPTER IV 

DISCUSSION 

Design 

Density estimates du1ing one week of one season · ht b d' 1 · mig e 1sp aymg extreme 

values instead of the streams normal values Samples from both d 11 · ays were co ected 

during the afternoon, and no attempts were made to sample after dark. Since some 

species of crayfish are known to feed more actively after dark (Whitledge & Rabeni, 

1996), density estimates should include samples at that time. Daytime densities 

estimates of 3.4 crayfish/m
2 

mjght not be representative of the true population densities 

in Sp1ing Creek. Also, ten quadrat samples may not be sufficient to assign a reliable 

density estimate for Spring Creek. To obtain a more accurate density estimate, multiple 

samples during all seasons and samples during light and dark hours may be necessary. 

The channels of the apparatus had an area of 0.21 m2
. A crayfish density of 

5/m2 would be necessary to include one crayfish per channel. Since a higher density 

estimate was desired , a density of 15/m2 was used. Fifteen crayfish/m
2 

is within the 

density range previously reported in runs and pools of streams and used in a study 

similar to this one (Parkyn et al., 1997; DiStefano, 2000). This density resulted in th ree 

crayfish per channel, used in this study. 

b toxic effect from the treated 
Throughout this study, there appeared to e no 

. 1 oth of the channels. The apparatus was 
lumber. The plastic liner extended the entire eno 

. 1 t' mesh with 0.635 cm 
large and heavy, but durable. The lid was covered Wi th a Pas ic 



l~l1cn 1n~s Since the appJratus was not sh dd d a e a sheet of f · · oam insul ati on covered the 
li d to buffer aga inst diurnal temperature nu t . 

~ c uat1on. Th f 
e oam covered a large portion 

of the mesh surf ace and a likelv pre,·ented new . 
- macroinvertebrates from co lonizing in 

the channels. The recruitment of new macroinv rt b 
e e rates would have added additional 

and undes ired factors to the experiment. 

Placement of the solar-powered water-pum d d"ff. . 
P cause 1 iculty dunng the study. 

The pump was co,·ered with a "sock" filter and placed· d f m woo en rame box wrapped 

with a 0.635 cm plastic mesh and airnin with fine mesh sere ( · d 
~ en wm ow screen), to 

protect the pump from debris . Silt was able to pass through the mesh and occasionally 

clogged the "sock. , fi I ter. 

Leaf Litter Experiment 

The data indicate that the 0. placidus increased leaf processing in enclosure 

channels by 40%. These data suggest that 0. placidus play an important role in 

processing of leaf litter and other detritus in Spring Creek. These results agreed with 

other research on leaf processing suggesting that crayfish primarily feed on detritus 

(Whitledge & Rabeni , 1996). Parkyn et al. (1997) showed a significant difference in 

leaf material processed in crayfish enclosure channels. 

Leaf packets removed from the ex closure channels were covered by a film of 

I h el Showed little or no sign periphyton. Leaf packets removed from the enc osure c ann 

f . . 1 re not taken Once the leaf 
0 penphyton growth. Quantitative penphyton samp es we · 

. d f m some random leaf packets 
packets were dried, the periphyton residue was remove ro 

. . f d . d eriphyton to influence the 
and \\e ighed. There was an insuff1c1ent amount O ne P 
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,,ci~ht of the leaf packets. As a result · h 
- , penp yton residue was not removed fro m leaf 

pac~cts before they \\'ere weighed. The absence of . 
penphyton appeared to be related to 

the presence of crayfish . Crayfish may have impacted periphyton directly by 

consumpti on or indirec tl y by their ac tivity. 

Macroin verrebrate Experiment 

Samples co llected for this study produced small numb f · ers o macromvertebrates 

(33 1 before and 14 7 after) . Crayfish did not significantly influence the abundance of 

macroin vertebra tes in channel enclosure experiments. Total abundance was used 

because the family-level groups did not have enough individuals for statistical analyses. 

The core samples taken from the channels may not have been representative of 

the overall macroinvertebrate community abundance. The sample area was small and 

resulted in a small number of macroinvertebrates to analyze. The small sample area 

was potentially biased toward smaller or slower macroinvertebrates. Larger or more 

mobile macroin vertebrates might have escaped the sample area. Any error in such a 

small sample size would have a significant impact. The small number of 

macroin vertebrates causes difficulty interpreting any trends that may have resulted from 

crayfi sh feeding activities. 

. . bl h b partially responsible for this There are several possible vana es t at may e 

. 1 upon macroinvertebrates as outcome. Orconectes placidus may not active Y prey 

. . p k t al ( 1997) found no affect on 
in tensivel y as documented in other crayfish. ar yn e · 

. . . d Le tophlebiidae densities in a 
Oligochaeta, Chironomidae, other D1ptera, Elmidae, an P 

. 1 rts my conclusions . During this 
crayfi sh enclosure study, which partial Y suppo 
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C\ rcnmcnt the exclus ion of leaf litter. a typical m . 
acrom ve rtebrate habitat and food 

rc~ ourcc . may have res ulted in a loss in macroi b 
nverte rate abundance obscuring any 

cr:JVfish induced effec ts. Baer et al. (2001 ) fo und · 'f . 
- s1gni icant reduction in abundance of 

in\'ertebrates when litter was exc luded from a sect· f 
ion o stream. Loss of some 

rnacroin vertebrates could have been due to emeroence f d 1 • . . . 
o o a u t insects, insufficient 

habitat, death, or any combination of these variables. The uncontrolled channel 

conditions appeared to have a substantial impact on macroinvertebrate abundances. 

Diurnal changes in temperature , pH, DO, and water flow could have individually or 

cumulati ve ly been responsible for altering macroinvertebrate assemblages in the 

apparatus. The effects of these variables could have masked any potential effects the 

presence of crayfish would have caused. 

Another possibility is that macroinvertebrate death could have provided food 

resources for the crayfish , thus crayfish would not have to expend energy preying upon 

the li ving organisms to obtain food. Lodge et al. (1994) suggested that nonsnail 

macroi nvertebrates might be mobile enough to escape crayfish predation. This would 

suggest that many macroinvertebrates might be consumed only after death. 

And finall y, there may have been enough organic material in the channels for 

the crayfish to feed upon. The gravels that were placed in the channels were not 

. d L O flamentous aloae frequently cleaned and only laroe orcranic debns was remove • aroe 1 0 

0 0 

. . fl d into the channels, and possibly 
bloomed in the reservoir during this expenment, owe 

Thus' the crayfish had food resources in the 
provided a food source for the crayfish. 

channels other than macroinvertebrates. 
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(ra_rfish 

Some crayfish mo lted during ex peiiment I and 11 . 
and this must be the cause of 

an y difference in mean increase of CL. Crustaceans m t 
1 

. 
us mo t to grow (D1Stefano, 

!993), and si nce the molts appear to be dependant one · 
nvironmental factors and not 

food resources, CL is not a good indicator of orowth for this h · 
b s ort-tenn study. The 

averaoe weight increase between crayfish from experiment I (13 73 01 ) d . 
"' • w an expenment 

II (14.76%) is potentially deceiving. Crayfish may retain more water after a molt, to 

help fill their new exoskeleton, thus any weight increase might not be completely due to 

the consumption of food resources available in the channels during the experiments. 

Crayfish molts were not recorded during this experiment. Since crayfish can 

onl y increase CL by molting, the increases in CL recorded during experiments I and II 

(Tables l & 2) must be from a molt. Nine out of twelve crayfish from experiment I 

increased in weight and only one did so without molting. Nine of eleven crayfish from 

ex pe1iment II increased in weight, but four did so without molting. Since there was an 

overall increase in weight for crayfish from experiment II, this would suggest that there 

was some food resource in the channels that the crayfish were able to utilize. The 

· · b f' articulate oroanic material energy could have come from dead macromverte rates , me P "' 

· h t th t may have arown on the (FPOM) that was collected with the gravel, or penp Yon a 0 

pl asti c lining and gravel of the channels. 

Genetic Analysis 

DNA was dioested with Taql, 0. 
When the 16S ribosomal RNA gene from mt 0 

. f DNA of similar size suggesting a 
plac1dus and 0 . durelli both produced a small band 0 
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conserved restriction site for both species. 0 rconectes placid11s had an additional 

resuic ti on site, producing two medium sized b d (F 
an s igure 9). Digestion with Yspl 

produced similar banding patterns in both spec' 
ies. The simj]ar banding pattern would 

su£gest the recognition site for Vspl is at or near th . 
- e same location along the DNA 

fragment from either species. Analysis with agarose gel is not specific enouoh to 
0 

di stingui sh fragments that differ by a small maroin of b p 
1 

. 
0 ases. 0 yacylam1de gel could 

be used to test for subtle differences in bandino patterns h O d . 
o w en . 11rel/1 and O. 

placidus fragments were digested with Vspl Pol yacrylamide oe] h II 
· o as ma er pore 

spaces and can di stingui sh molecules that di ffe r by one nucleotide,, hile agaro e g Ii 

not as specific. 

\\1a1er Para111 erers 

Diurnal pat terns were ob erved in the data logged during exp riment I ur 

10). Temperature and percen t di olved ox ygen (DO) di played imilar ak and 

,·alleys fo r a 2-+-hour period, \\'hile pH appeared to re ond o po it of DO. mple 

-+00-500 (c a. da ys 11 , 12, & 13) decrea ed harply in temp ra ur and DO nd in re 

in pH. The water in the channel had a la er of ice o,·ering them. Th i wa broken 

out, bu t the apparatus wa without \\'ater now unt il tern ratu wann d bo e 

freez ing. Thi s resulted in a peri od of low DO and in rea ed pH. 

The data logged during expe1iment II di pla, ed more di tin t ium I P nem · 

T 
. t re DO and pH orresponding 

he data di splayed expected diurnal patterns 111 tempera u ' ' 

d pro\'ided ener£)' for 
wi th each other. Sunli oht increased water temperature an -

;:, 

h . h and reser\'oi r. The in rea ·e in 
P otosynthetic periph yton and algae Ill t e stream 
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Figure 10. Continuous measurements of water quality parameters Jogged in apparatus 
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P
hotosynthesis increased the amount of avail abl . 

e oxygen Ill the water thus inc . , reasmg 
QO. The photosynthetic activity also used availabl CO 

e 2 that resulted in the increase of 

pH in the water. Samples 930-1240 (ca. days 10 l l & 12) h . 
' ad a fairly constant low 

reading of DO and pH (Figure 11). This represents cloudy and rainy days with little or 

no water being pumped into the channels. D · unng experiment II the water was, on 

average, 6.28°C warmer than the water in experiment I Th ' · · 1s mcreased temperature 

cou ld have impacted the macroinvertebrates survival in the ap t · fl para us or m uences the 

behav ior of the crayfish. 

Co11clusio11 s 

The fo llowi ng observati ons were made : a) Leaf litter proce ing, a 

ignifi cantl y increased in crayfi h enclosure channel ; b) Ma roin enebrat abundance 

were not significantl y im pacted by the pre ence of 0. placidus in thee xp riment . 

Because of uncont ro ll ed va1i able confou nding the tudy, the re ult are in on lu iv · 

c) Di 0 estin o the 16S 1ibosomal RNA oene of mito hondrial Of\A with Taql i an 
~ ~ ~ 

cffec ti\'e way to identify O. placid11s and 0. durelli . Thi tud ha rovid d om 

baseline data on the impac t that O. placid11s ha on leaf litter and ma roin\'enebrate in 

cnc lo ure channels. The 16S ribo omal R. A ::,ene region i +Tri h. and r tri tion 

enzymes that are specific for A+ T region ould al o be effe tive in produ ing 

d O Pe ie . 0rconectes placid11s 
isti ngui shable banding patterns among other rconectes 

in o detritu and making 
rnay se rve as a ke ys tone species in Sp1ing Creek by proce ::, 

dctrita. l energy avai lab le to other trophic level · 
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5 O('St ions fo r i111pro, ·ements /{ Oc> 

There are thi ngs that have been reco~ ized that m h . . 
;:, ay ave improved this study or 

may help 10 improve any future studv. A solar-powered ware k 
· r-pump wor ed for this 

Xperiment. but was inconsistent and could not produce water du · d k h 
e, nng ar our and 

prolonged peri ods of cloud cover. The pump would have worked better if placed in a 

well or dug into a gravel-bar. A gra,·el-bar would act a a na ural filter or the water 

reducing the clogging of the·· oc k .. filter and len:::,then ing the life of the ump. more 

constant now regime \\·ould have been de ired. If avai lable . :::,ra i y-fed now fr m 

stream \\'Ould be more re liabl e, ea ier to maintain and mor I f olar 

ro"cred \\' ater pump i u ed . then it woul be mor rovidin on mu u 

no\\ if coupled to a bat er tora.:::c ·y em. In le r m tc I llOn , u 1ht 

might be used to ru n the pump cont inuou ly. 

The \'ariablc of th i tudy uld ha =ed to hel d v lo futu 1ud1 . Th 

1111p:h.·t of the ize or pc ic of 3\ ·1 h 

.m .il:rJ . .-\ similar · tudy o Id bed 

cr:1 : li sh anJ \\'Oul d be an in te c ti n= tud: . 

Fu, her ·tudie to und TIJ \\ h ~ h r J: i h I· ~ r I 

0 An 

cx pcnmcn in'luding le:.1f p c -ct 
nc 0 

- h ·~ \ 1nfom1at ion in undcrst:mdin g the role of r3 yti a 
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APPENDIX 



\ 

C 
rnprehensive table of samples collected from all channels prior to the beginning of the 

b\e A-1 o Ta . ·rt brate experiment. 
rnacro1nve e 

= Channels and consecutive samples 

~p 

channel 1 channel 2 channel 3 channel 4 channel 6 channel 7 channel 8 channel 9 

H 1.2 1-3 2-1 2·2 2·3 3· 1 3·2 3·3 4·1 4·2 4-3 6·1 6·2 6·3 7-1 7-2 7.3 8-1 8·2 8·3 9-1 9-2 9.3 

p1euroceridae 
14 2 4 4 14 14 4 13 8 2 11 2 3 2 2 10 10 2 5 

Oligochaetes 

Chironornids 

corbiculidae 

Sphaeriidae 

Elimidae 

Psephenidae 

Oytisidae 

caenidae 

Baetidae 

11 12 3 

2 

Leptophlebiidae 

Epherneridae 

Heplageniidae 

Ephernerellidae 

Polycen· 
tropodidae 

Helicop· 
sychidae 

Ephydridae 
Diptera 

Leuctridae 
Capniidae 

Perlidae 

Haliplidae 

Carnbaridae 

Copepods 

2 4 2 5 5 

2 

2 2 

3 

2 

Aquatic Mites · · 1·cs . ed in the stat1s i . 
·ther were inctud 

There were two samples labeled 9·3, nei 

51 

5 15 79 

3 3 2 

4 

= 



\ 

hensive table of samples collected from all channels at the conclusion of the 
A-2 cornpre . 

Table · brate expenmen . 

rnacro1nv._e_rt~e============:==~=~===".'."'============== 
Channels and consecutive samples 

~ 

channel 1 channel 2 channel 3 channel 4 channel 6 channel 7 channel 8 channel 9 

1-1 1-2 1-3 2- 1 2-2 2-3 3-1 3-2 3-3 4-1 4-2 4-3 6-1 6-2 6-3 7-1 7-27 .3 8-18-28-3 9-1 9-2 9-3 

3 5 3 5 7 3 14 2 5 2 11 4 2 7 

p1euroceridae 

Oligochaetes 

Ch1ronornids 

corbiculidae 

Sp aenidae 

Psephenidae 

o .s,dae 

Caen,dae 

2 3 

Ler:ophleb11dae 

Ep ,e endae 

~:a en11dae 

Ep~e erelh ae 

Po'\cen· 
'· c::vd. ae 

e :op· 
syc~,oae 

E;:'",dridae 
D p:era 

e .. : :ri ae 
Cacci 11dae 

Pe• oae 

a :i11 ae 

Ca"1bar1dae 

c~epods 

3 2 2 

9 2 6 2 

\sh e Closure hannels 
"a nels .:. .7 & 8 were era 

Sc"':l'e 8- .vas absen 

.! 5 

6 9 6 2 

4 

5 

-



Table A -3 . M acroinvert eb ra tes /o und in c l1anne ls be fore and a l th e conc lus ion o r experim en t II. 

C - 1 11 C - 1 C-2 II C -2 C-3 II C- 3 C -4 II C-4 C-6 II C -6 C -7 II C -7 C -8 II C -8 C -9 II C -9 

P leuroce ridae 20 (67) 9(3) 32 (1 0 .7) 15(5) 25 (8 .3 ) 19(6.3) 15 (5) 7(2 .3) 7( 2. 3) 17(5. 7) 22 (7 .3) 14 (4 .7) 10(3. 3) 2 (0 .7 ) 94(3 1.3) 27(9) 

O ligochae les 26 (8 .7) 5( 1.7) 2 (0.7) 3( 1) 8 (1 .6) 4(1 .3) 5(1 .7 ) 1 (0 .3) 5(1 .7) 7(2 .3 ) 4(1 .3) 2(0 .7) 1(0.3) 

Chiro nomids 2(0 .7) 1 (0 .3) 1(0.3) 2 (0 .7) 1(0 .3) 1(0.3) 2(0 .7) 1(0.3) 1(0 .3) 

C o rbic ulidae 1(0.3) 1(0.3) 1 (0.3) 1(0 .3) 

S phaeriidae 4 (1.3) 5(1.7) 

Elirnidae 1(0 .3) 1(03) 2(0 7 ) 1(0 .3) 3( 1) 1(0.3) 

Pseph en idae 1(0 3 ) 1(0. 3 ) 1(0 .3 ) 

Dyti s idae 1(0 .3) 

Caenidae 1(0 .3 ) 1(0 .3) 2(0.7) 2(0 .7) 1(0 .3) 2(0 .7) 

Bae lidae 1(0.3) 

L eplo phlebiidae 1(0.3 ) 1(0 .3) 

E pl1em erid ae 1(0.3) 

H epta geniidae 1(0 .3) 3 (1) 1(0 .3) 1(0 .3) 

Ephemerellidae 2(0 .7) 2(0 .7) 
V) Polycentropodidae 1(0 .3) 
v-> 

H elicop sychidae 1(0.3) 
Ephydridae/Diptera 1(0 .3 ) 1(0 .3) 

L euc lridae/Capniidae 1(0.3) 
Perlidae 1(0.3) 
Haliplidae 1(0.3) 
Cambaridae 1(0.3) 
Co pepods · 20(6 .7 ) 8 (1 .6 ) 27(9) 4(1 .3) 15(5) 7(2.3) 1(0 .3) 1(0.3) 
M ites 1(0 .3) 

Totals 49 18 36 17 36 23 31 11 17 20 33 16 24 6 105 36 
Average To tals 16 .3 6 12 5 .7 12 7 .7 10.3 3 .7 5.7 6 .7 11 5 .3 8 2 35 12 

C - channels sampled before experiment 

II C · channels sampled al the end o f experiment 

· · Copepods were not inc luded in the to tals 

( ) · Average m acroinven ebratos per channel 



VITA 

Robcn Brinkman was born in New Tazewell Tennessee 
O 

D b 
' n ecem er 18, 1975. 

I 1994 he araduated from Reed Ci ty High School in Reed City Mi.ch· Af n , 0 
, 1gan. ter 

taking a year off from school, he began college at Kalamazoo Valley Community 

College in Kalamazoo, Michigan. After one semester, Robert moved back to East 

Tennessee, where he earned hi s Bachelor of Science degrees in Biology and 

Environmental Science from Lincoln Memorial University in May of 2000. Robert 

moved to Clarksvi lle, Tennessee in August of 2000 to work on his Master of Science 

deoree at Austi n Peay State University where he received his degree August of 2002 . .:, 

54 


	000
	000_i
	000_ii
	000_iii
	000_iv
	000_ix
	000_v
	000_vi
	000_vii
	000_viii
	000_x
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054



