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Abstract

A Retrospective Study on the Effects of Urb
Species of Streatdsi 8ersotugdi ng Emory
By Cooper Read

The percentage of the population |living in
world, and is only expected to grow over the
the environment, esprecliwmdilryg fhrasihtwatt efrr ssg/ md retme
sedi mentation, heat pollution, asapgpeoivalrlay | s dli

are among t he npoosltl uatfifoenc,h eadngdb gal rteb basmp onent of
ecosystems.i Atémastai ngfepportunities to study
and Shure perfor med aDesstnuodgyn aosahl uasmasnpdpe.p 81 ahi e h
and around t heUnd ampiss togf Bmperoy tunitiesndo res
to evaluate environmental cdhmagesnareagboarce, e

changesceinnt | d&eadEemeory Umhneéewvefrcesi ¢y seven sites s

streams in abmdi wmernsuintdy Ewvenreg sel ected for sampl
Sampling took place from August to October, wi
sampling of ednivtiiroonnsmeanntda If ocuorn mont hly sampl es
observed sal amanders were recorded, with the

the Spotted DDe&mo &aba b hamstdheco-bTavoe d Sal amander

(Eur yccierargbge ng s ubj ercegceadpttwr ea proapkkl at i on est i me
analyzed wutilizing sever al statistical met hod
environment al conditions among t hevestnr ¢ dams ,t wa

Whil e an abundance of data were collected tha



significance was difficult to determine. Howe
the findisaweggadhta@rag daleaan p o pruelneatsinoadd es pi t e of
ur bani zation. While these data do not offer c

valuable starting point for more regular moni
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CHAPTER |

| NTRODUCTI ON

As of 2018, 55% of the global population r

expected to grow to 68% oweri stthe gparhidragr oche d &sd

N o

N a

r

e

rth America, with over 82% of i1iss(paptukdtio
ti onsRe c2dOrlt8a)d.es have been a period of rapid
gion that has historically | agged behind th
e years of 1970 and tRe@€10bhgtberophlped at Bowns da
13). To massiinueeruecahs ea i n ur ban population, | ar
nstructed. Urban gr owtaldseetnrdi mea rst ale saufl ft @ ontgs i c

vironmentteewpgesi ahtdyowher freshwater ecosy

Urban streams demonstrate a marked decreas
mpared to forested streams in the same geog
composi tiieonnt anedc yncutirng. These essential fact
e diminidgdheadmepdsercs iofi the ecosystem (Gao, ¢
d species richness in freshwater ihmdridadged h
bani zation (Ma, et al. 2022). Despite the m
eas, streams and other freshwater systems o
areholders in favor sdfrimdr enrveg adinlme ntatli cea
2018). Urbanization has also demonstrated

agmentation with nearly al/l natur al ecosyst



c

rbani zationrionade agedhattumeal sercosystems suffe

popul ations and an increase in edge effects a

N

016). While the negative impact of wurbanizat
vari ettyorof, fome of the most readily apparent i
human devel opment, such as concrete and aspha

bl ock water from flowing into aqouwrdevyesr as t he

]

esulting in increased runoff (AMEC Earth and

—

hese absmoauwmnfa [liagrhgge a esul ting in what 1is kno

producing ther mal pol |fultows iimt d.heTlsd rreasns! ttihi

—

emperature could be |l ethal to senshitmhemdeh spec

climate change (Somers, et al. 2013). Runof f

ndustrial wasstéetianméspmeraiut ochbdpbdbes-and oth

consumer pollution and Ilitter, and other harm

mpervious surfaces frumdndeslns raumd fdi ri encdtos sttiriesanm
areassl |(edt al . 2020). An increase in runoff al
causing a compounding issue of erosion and sw

related i ssues such as increasefl &8I gh homwdi e

=y

esdthikangal ah, et al. 2016). An excess of sil

=}

egative I mpaantsthempe eNdeesnedt?teaih. 2011) (Price,

Whil e all organisms are affected by the st

amphi bians are iIimpacted at a noticeably highe

]

eview of 32 wurban amphibian popubwedoas stud

=}

egative impact correlated with urbanization,



increase in urbanization was found to affect
and habitat selection ache$étesesyeral abmpBDbhiea
urbani zation may help change an environment I
destruction, fragmentation, and pollution hayv

(Schmidt and Garudweyg, ha®20psugfeme edt t hat urb

amphi bian popul ations due to ther mal poll utio
temperature range of amphibian species. Howev
moved t lae uremmpat of the natur al preferred tem
species out of their home range. Similarly, w

green spaces for human use can effatiowmwebwn ¢tab
species of these spaces, this does not consid

poll ution, and sever al ot her detrimental effe

The &rdemrmtcconsi sting of salamanders and r el

themsel ves to be both an essential component t
noticeably affected by the detrimental i mpact
l evel predators for | ower otdemamsttédam eacs$ys

number of oxygematiemg pwatmers arfdfacsde essenti al
in turn serve as prey for birds and small ma m
sal amanders often waearttnaunrbeetress .t hSaal aomhamdenrerp o p L
have a strong negative correlation with wurban
(Barrett, et al . 2014). This abundance can at
ectot,hemhmsch in turn makes them more sensitive

associated with urbanization and c¢cli mate c¢chan



Due to their integral role in the ecosyste
stream condiansonssychampshisbal amanders are among
aqguatic ecosystems, and any change to their p
1991). Amphibiansdé permeable skin is sensitivi
asaguty of wat earndi silstod avwido loxty gleinglttoncentrati o
These organisms exhibit a |ife cycle that <con
them to be affected by a owisde sruacnhg ea so fc heannvgierso
patterns and pollution from both freshwater a
maj or metamorphosis can be interrupted or dam

di srupting polllut d®®9g)(Stebbins, et a

The city of Atlanta, Georgia offers intere:
i mpact of wurbanization on amphibian popul atio
ecosystems. Regul ar monitoringhetaidi &8s haatelb
since 20D0D8wefeddphRgleevadled amrdel s of potenti al
met als, and other such contaminants (Peters,
on amphibian popullativarbsaniire eduahr eem hesav acking
the topic of salamandnetrpopuéat(espsescihi cakl At
the campus of Emory University) was perfor med
focuslkadsgaomat hsal apma.nder s, among the most popul
the American Southeast (Barrett, et al . 2014)
species to serve as a noticeabl e mam&mrederod st
suclbesmognahhuvue spwide range of tolerances ac

gradient s, making them more |ikely to be foun



2000). Orser and Shureds r e sne aredhwefenu nud baa ndg tzra
salamander popul ations (Orser and Shure, 1972
took place, the | anlas aprde® flgadmeer ywahmdyntigveese s e n y

more planned in th@otudiumg, (2008arn, THemefso ke,

salamanders in this area and evalwuating the p
these ecosystems over the past fifty years 1is
retrospecdnveppdrutdyniitsy that is rarely seen, ¢
environmental conditions of these streams and
changed over time is valuabl e.

This thesis used a specibDeuss k@r sSearl aindaenndteirf i e
(Desmognat hu)s & ctutse frmaiurs f ocus of the researc
been recategorized as DédemGomoat ills DoskgtiShl am
be considered the same &s.p efcuiceussRiE luatrutsOr ese ar e h
suggested a mMecmogaiaf(iPyastoiagpmp edaf al .D.2 0c202a)n.t iHo w
has yet to beki sespetiedestimwbibléedbeg t o Sturreraemmst s
in areas where urban devel opment has taken pl
hi gher | evels of degr adaltn oand cciotntphoam,e dt teo TOwos e
Sal amé&nd egececiefar)i ,gpeexrcases of simil ar abundance i n
sampTlkids study is designed to examirmeskt he envi
streamst hebsmpacenditthidsaeds omma vtehaet i on i n their seé
popul admpairse tche conditions of the sal amander
findings whenever possi bl e, and set a new bas

research will C o ns iVWaesr tthweor es eapnayr attdere rgeulbeast iti ooen sb



environmental factor spladtflecd eerdt ibdy sualbamd redad ri of
streams in gques@annanyandi fifferseon c ensh glfeu | calt s eornv e d

dynamics oft adhaeyeansd rwhensd tbhye §O rivseesaegyos?a mp | e



CHAPTER 1| |

METHODOL OGY

Site Description

Five streams were the focus of this study, each of which were located within
woodl and patches of Northeastern Atl antads he
Georgiads wider Southern Outer Piedmieants regi o
were located in the Lullwater Preserve wildlife management area on the campus of Emory
University. The other two were located between the Emory Clinic and a residential apartment
area across from the main Center for Disease Control campus. These streams range from first or
second order sprinfed streams to runoff from stormwater detention ponds. Vithilestreams
were chosen for their role in Orserb6s origina
position in the environment, which could offer additional data to supplement the previously

sampled areas (Figure(E)gure 2)



.Conference Center

.HanNood A
.Harwood B
Legend
® Study Sites
Streams/Bodies of Water
Il Dam
.Spoils
.Don Shure
oRichardson A .
.Richardson B
Cartographer: Cooper Read
0 100 200 m Emory Universtiy 2023
|| QGIS 3.22.2

Figure 1: A Map 6the Study Are&reated with QG with Research Sites Labeled

(QGIS.org, %Y. QGIS Geographic Information System. QGIS Associdttgm//www.qgis.org



http://www.qgis.org/

P A LN I N e . AU S M - eh T
RichardsoB Harw@opdek Har wGpde

Conference (
Figure 2: I mages of the Stream SiMs®&0D2Raci ng

Arrows Denote North



10

Site Selection

For each stream, an individual with expertise in sampling the area was consulted for
selection of sampling siteSite selection criterjancluding abundant cover such as rocks, logs,
and leaf litter both othe stream banks and within the stream itself served as ideal areas for
sampling. Finally, a flow rate fast enough to provide riffle points of oxygenated water but still
slow enough to provide pools and clear water were also needed. Stream areasthteat met
criteria were selected to serve as study sites. A single site was chosen per stream for Don Shure
Creek, Spoils Creek, and Conference Center Creek. However, due to the comparatively large
size of Richardson Creek and Harwood Creek, two sites wereeskfecthese streams,
resulting in a total of seven sites. At each site, a square research area of ten meters per side was
measured, marked with flagidome Depot2455 Paces Ferry Rd. Atlanta, GA 30338y a
GPSpin (W.W. Grainger Corporation, 100 Grainger Parkway, Lake Forest, IL 60045) was used

to ensure that the same location was used for each sampling session.

The gream sampling sequence was randomized prior to the field season. Prior to any
entry into the stuglareathe hands of all individuals involveds well as any equipment that
may encounter the salamandevas disinfected using a diluted bleach solution to prevent the

spread of harmful fungus and otlpathogens (Huangt al 2013).
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Sal amanpleirndgam

All sampling and tagging procedsreereapproved by the Institutional Animal Care and
Use Committee (PROT0O202200038). The full text of this doctimery be accessed upon

request

Sampling took place over the course of three moutihged by Orsein his work
August, September, and October 2022. The sampling period consisted of the latter two weeks of
the month, August 131, September 189, and October 189 respectively. For each of these
periods two sites were sampled each field day with etebaing sampled four times over the
course of the twaveek period. The only exception to this was in the month of August, in which

torrential rains on the 80of the month prevented sampling until the following day.

Prior to sampling, the stream, timlemperaturgEtekcity,1202 N Miller St Ste A,
Anaheim, California, 92806ambient humidity General Tools, 75 Seaview Dr, Secaucus, New
Jersey, 07094 and a qualitative analysid the local weather were recorded. Sampling began
between the hours of @Gnd 4:00 PM and continued for a period of one hour. A digital
stopwatch was used to ensure that only actively sampling in the stream counted towards the time
measurement. Any time spent measuring and packaging salamanders for transport, taking down
notes daily environment al data, misadventures
other unrelated activities were not included in this time measurement. During the sampling
period, the researcher paced along the steam and surrounding areangspedtianks, stones,
and other common hiding spots for any salamanders. A small net and plastic bag were used to
capture the salamanders. All captured salamanders were temporarily placedindividual

plastic bag (K Packaging,7/515 Hartmarnndustrial Way #200, Austell, GA 301b®%ith the
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species, snoutent length measuremeritken via calipers (Walmart, 702 S.W" 8t.

Bentonville, AK 72716)and capture location recorded. Location of capture was denoted by the
cover object the individualas found under, such as a rock, or lack thereof, in the case of a free
swimming individual. The location of capture was further separated into stream, bank, and
terrestrial categories, where stream was used when the capture location was fully within the
stream water, bank was used in an area where the stream met the land, and terrestrial used for all
other areas. Salamanders were kept in the bag for a period not exceeding five minutes, and
separate bags were used for each individual to eliminate anyecbbamss contamination. All
salamanders that were not found to be Spotted Dusky SalamBedendgnathus conahtr

the TwoLined SalamandeiEuryceacirrigera) were then releaseds theséwo species were

subject to a markecapture population estingastudy It was suggested to only collect mark
recapture population data on the two most populous species, as if all captured salamanders were
marked regardless of species, it was unlikely that the less common species would be sampled in
sufficient numberso provide any usable datd/hen an individual of either of these species was
identified, the location in which it was captured was marked with a flag and picture to ensure it
was returned to its original location. The individuals were then placed astacpneal prep

container along with leaf litter for cover and a moist papeel (Seventh GeneratioB0 Lake

St Ste 3N, Burlington, Vermont, 0540th) ensure the individual stayed hydrated (Dymit, 2019).

To ensure the safety of organisms in both trarispud the taging process itself, only adult
specimens completely lacking gills with a snwant length exceeding 30mm were retained for
marking. If a specimen of either target species was captured that did not meet these criteria, it
was returned to thiecation of its capture immediately after the snout vent length measurements

were recorded.
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Tagging and Release

Following the approved protocol, adult individuals identifieddasonantior E.
cirrigera were transported to the lab and given an initidlivess check to ensure the individuals
were in good health and were not previously captured individuals recaptured erroneously. The
well-being of the salamander was then recorded. All handling of salamanders was performed
wearing a separate pair of rublgdoves for each individual. A separate bath of an anesthetic
0.2% solution of Tricaine (M222) was prepared for each anirfatakir and Strauch, 2005)
The salamanders were placed into the bath for a period not exceeding 20 minutes. During this
period, tle Visible Implant Elastomer Tag from Northwest Marine Technology, Inc. (4003
Airport Road Anacortes, WA, 98221) was prepar
(Sanchez, et al. 2020). Separate syringes were utilized for each animal. Individuals were
removed from their anesthetic and injected with a tag in the dorsal area running along the spine
to ensure the tag was easily visible. The animal was then placed in a distilled water bath to
remove any remaining anesthetic. The tag color, tag locatidraraninjuries sustained during
tagging, if any, were recorded. This process was repeated separately for each individual until all
were successfully tagged. The individuals were then returned to their initial capture containers
for a period of one hour, t&f which a wellness check occurred to ensure that the individuals had
completely recovered from the anesthetic treatment and were moving freely. The tags were
inspected with a handheld ultraviolet flashlight to ensure that the tag fluoresced propevbhsand
visible. The status of both the tag and the salamander were then recorded. Individuals were kept
in the same containers that they were initially captured and transported in to prevent possible

cross contamination, ensure the salamanders remained amoistnsure individuals were
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returned to the correct point of capture. Individuals were returned to the areas of capture

approximately twelve hours after the final wellness check of tagging.

Environmental Sampling

Prior tweekhesampol i dgypeweoée, sewoaside for t
environmental data. Most environmental data w
AdoApBStream Basic Vi suaweld irtmeAfSaArdeahpntgTth 2t0 (Rléh ¥ sat a |
from thesensiustvegsof an analysis of water f1l o\
t he dhtarn&kam | ocal cwivled!, i faem,d @rpum&i mat e shade.
the stream status was either deadcrirbedrqoual iat
1-10, with I ess evidence of erosion and disturl
data were col | ectteendp eirnactluudd@ OnQgE tNaentbcileingr St St e
Califorhpiaagambp806 hmomisdGemee rganld Tsoooills, 75 Seavi
Secaucus, New, IXly s ey COFM@B4Veattieorn , St reet SE, Was
2000 bEdit egh (| WstTowmesmrensl, West ) Naf h(aXy, Iredifde 0 30
Cor por3atli oMa,t e rWaSst hrienegt oSnE,t oDiCa, | 2d00s0BBd)B e £ dr e st ,
honef o)ryeastte.rn ette mpvart a&tr,u maenas suixriyesg @lnv € Xyl em Cor po
301 Water Street SEMeWsndinengtom,| é©dCd QdOM08ENt. o
Siwaes obt aismeepdarréasteeanr ah proj ect encompassing th
to the other teommvdetoenmmainneali fdatli s common pol |
on the salamand®éenmr emonpulleptt i hhomandmei dt ht wegeveadé
general overview of stream size. These data w

measurements with their salamander popul ati on
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l nvertebrate Sampling
Dur i ng -dtalye ethwa r onment al sampling period, p
were also collected. A one square meter area
captured invertebrates were then pbatedndn a

identification. Streams were sadprikadartampt ebent

(Science First, 86475 Gen)e flLoalslsoewirneg Btlhved .t,e cYrun i
Storey, et al. (1991). TPpPhasedmaar @ai pnaer tod b 178 1%
alcohol for transport and identification al on
terrestrial and one aquatic, were collected a

Data Analysi s

Sampl ecerckampai wedes habl ddggaimiks demonstratin
popul ation makeup ,ofs-wemtt ulreendg tsha | reeaepst wire eers el notcsa
popul ation estimates, stream measupemental in
condiatti cemsc h essdart eeartmh e Mmhst at i sutiiclailzliyn ga nnad tylzocedds
ttests, ANOVAowesth by Bompfoesntrobdéet €omir metriebnt her
di screpancies between the popuwllattiioomss ha fp st heex i
bet ween the environmental factors and popul at

qguestion.

Popul ation estimates twkee eSolbhdtmaaantear fama E

Met hodhe equation of which is shown in Figure
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5

2 (Cm7)

N=t"___
Z(Rer)
t=1
Figure 3: The Equation Utilizedof oPophlatSicdbm
Esti mates
I n this model, t=the samplingnaenbeiromffor

s amp l=etso t ad number of salamander se=ddaegmtumhbietr t i
tagged sal amandextsh e encuanpht eurr eadf, taangdgeMd s al amanc
tot al number of r aeagp 0teratntse sda tda meaont d eerxsc eierd 5 0,
intervals were obtained fr omatshdetsalrli é ewt iilni K
(19Co9yrel ation betweenatnllesavpopuwimatnit@an ¢ atcit o
utilizing a fegtessedobyamaalPgsairson Correlation

obt aval aet This val ue -cvhaasr tt hteon dcea nepranti ende tsa gan i
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CHAPTER 1| 11
RESULTS

A total of 1013 individuals wereOfampkeed a
sal amanderdsiweo k|l edeatdj fied as PpoemogadhabdDihsuly S
conantwe2rde i delmwthiifnEeadd a mambwWreycserdr)i g eaweslr € 9
identified as oeottahregrets psepceiceise.s Tihdee nntoinf i ed wer e
Sal am&n kdrho(don) dlouwtnidn oishusDon Shure and Spoil s
Sal am&Emnuderc e(@a gutftooulnidn e ant aS p odel nst earntd@Ss@e@emkise,r e n c ¢
Sal am@drecderi ghat hysf mondi solaly in Conference C
Re-Backed SaHlaentahnoddeo)n (fca wnred eiurs Ri ¢ hAd rl dtsreoang eCtr e e k
sal amanders captur edl Wshree oavceulatt 4 fcwlpltyrleadloitma
order of abundancAll amemgshowmpeicn eBahlalree Ic.ol | ec

fnot her o.

TablAe Slummary of Sal amander C®dAhyedcitse@ic £ d menr Eac

292022

Strean Spotted Twahai nd¢ Ot hg Tot
Don Shy85 102 4 191
Conferegill4 33 11 158
Center
Richard|27 119 0 146
Spoil §103 21 13 137
Ri chard|47 87 1 135
Har wood 58 76 0 134
Har wood 27 85 0 112
Overal|461 523 29 101:
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The data pertainind.tcanlieit wogeaagleensspec

compared in more detail (Tabl e 2)

Table 2: Collection Dywa&amingal aimd ®@et sEad hD B3 k

Coll Aogaediocidabér2mMaansSwantdard Deviation in

Stream/ Mo| Spot Two Tot g Spot| Two Tot a Over
Dusk| Ling Adull Dusk LingJuve Tot a

Adul| Adul Juve|lJuve
Don Shure 73 58 131 12 4 4 56 187
Don SMounrteh | 24.3 19.3 43.¢ 4.0 14.¢ 18.6/ 62. 3
Average [2.0 [13.][12.][6.9[11.][18. [9.0
Spoils To 102 19 121 1 2 3 124
SpoMdomst hly 34.0 6.3 40.3 0.3 0. 6 1.0q¢ 41. 3
Average [6.5 [5.0[2.0([0.83 1.2 [11.7, [3.0
Ri char dson 24 58 8 2 3 61 6 4 146
Ri charMesmtnh 8.0(¢ 19.3 27.3 1.0 20.3 21. 3 48. 6
Average [0. 0 [15.]]15 [1. 7 [17.] [19. [ 7.7
Ri char dson 4 4 32 76 3 55 58 134
Ri charMesmtnh 14.6 10.4 25.3 1.0 18.3 19. 3 44. 6
Average [ 3.0 [7.Q0 [8.9 1.0 [9.7T[10. [ 3. 2
Har wood A 25 29 54 2 56 58 112
Har woMdan®hl 8.33 9.6 18. ¢ 0.6 18.¢ 19.3 37.3
Average [4.5 [2.0[5.2[1.1 8.3 [9.0 [6.0
Har wood B 58 20 7 8 0 56 56 134
Har woWMdnBhl!l|] 19. 3 6. 6 26. ¢@Q 0.0 18.6 18.6/ 44. 6
Average [4.6 [0.5[4.3[0.0d[11.][[11. [ 7.2
Conference 114 14 128 0 19 19 147
Conference 38.0 4.6 42.4 0.0 6. 3 6.33 49.0
MontAvieyr ag| [ 2.6/ [4.0[6.17[]0.07[6.8 [6.8 [1.0
Overall T 440 230 670 21 293 314 984
OvermMoinltAMer a 20.9 10.9 31.9 1.0 13.9 14.9 46. 8
[ 11 [6.d[10.| [2.3 [7.83 [7.9 [7.9

Al t hdowd hnSad amanders were observed to be mo
Spotted Dusky Sal amuacrhd emosr ewmdorfeh ecnapgteurodd near | vy
Spotted Dusky Sabdamwtndh&askamandenchSites in or
Spotted DushkhypyuBdbhameanaer e Conference Center C

Creek, HarswbedBCr Re&éhdred 8gn Hameteedo dA, Craenadk Ri ¢ h a
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CreekeA oomaey analysis of variance ((NOVA)O ,t est
cr=i2t.@®% A f ol |-hoomd nagn aloyssti s util i zing the Bonf
significant differences in the abunhamc®h wrfe a

Creek and Richar dsen ,CrDeenk Sshiutrreew d®rdepeck3 ead@nbdE sH a& ¢

(p=56%9EDon Shure Creek and CbHb)n(f e3mmicles Cémd ek
Ri chardson Cre8k, sSpei As(€fxrke®@6Bnd Ri-7c)har dson
Spoils Creek and Har wggod SOweldlcaddt elaAwppdl C5 &1
(p=7408ERi chardson Creek site A-lalh)d, CRinc hea rednscc
Creek site B and Conf efr)e n cHea r Gworotde rCr Greeke ks i (t pe= 1A

Center Cr elek) , pa=md 55Hartwo oBd aGirdeeCkonf er ence Cen

4)S.ites in OwdlenSalfanmanudear abundance were Don
Ri char dssone CAelekqual capture tot altse fB,r Harewe®o

Creseke A, HaseoBd 6peeks Creek, aWhi Co-ndeormrac
way analysis of variance (ANOVA) test -suggest
Lined Sal amaf(rd4.rBdrbidtn,? aa cfeol thowi rmgr agd oyssti s ut i |
Bonf eCarornadcitd onnot find any significant differe
be expl ai ned Aby wdapttaan irMeserdi afncclend st ati stically
bet ween the Splong ¢ evde @ u-& & gdeadl nadmalnmbe Cs ee k Spoi | s

(pl= 555 E Har wosotde GB. e6i@pl= and Confer ec 868 E&ent er C

The juvenile papsbatempnassobaerdedome diffe
amongst the sites. Sites in order of juvenile
Shure Creek, ®Ritehadar asadn BCeghk al capture total

Creseke Apoialnd Gr eek. No jSailvemandcerSpowdrea dusd&n
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Har woods CeeBkor Conf eAeoway Ceemaleyrs iCsr ecefk .var i an
test digdeseohi i cance in the juvenile Spotted

Sites i n ofMfwarn nsfl ajmawmeareirl eebundances twer A, Ri cha
Ri chardson Creek Sistte BAanhaelqHalr woapt Camwe etkot al s
Shure Creek ansdt elaBwoGdnfCeeekhkce Cent eomaer eek,
analysis of variance (ANBA)BGreE&.t.2 Builglgewitreg s |
po-eBbc analysis utilizing thearmBtondiefrfreornagn cCeg rier
obseabendance odfdijpnede vial @ mbmaer s bet ween Don

Ri chardson Creé6k, sRtehArdpoh. T4Eek site A and
(p=1432ERichardson Creek site3&FEagndanHdHarRwacdhddard

Creek site A and Conf edr)ence Center Creek (p=4.

The collection dynamics between adult and
Two Lined Salamanders among the sites over th

Figdand F5 gur e
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Stream and Month

m Spotted Dusky Adult = Spotted Dusky Juvenile
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