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ABSTRACT 

EFFECïS OF SELECIION LOGGING ON AMPIIIBIAN DIVERSlTY AND 

ABUNDANCE LN SHADE-TUERANT W W O O D  FORESrS OF AIXiONQUIN 

P R O V I N W  PARK, ONTARIO 

Lisa ETmght 

University of Guelph, 1998 

Dspite amphibians' wi&ly acknowIedg#l importance i0 forest emsystems, they are rarely 

incltldpn kt forest management plans. Very litde is hown about the effects of, or 

amphibian respwse to, thber manage men^ To éetennine whether and if so, how sektim 

logging affects amphibians in shade-tolaant hardwood forests, 1 canparcd aniphibian 

Wtat  concurrently with amphibn diversity and ahmdanœ in manageci (logged) a d  

unmanaged (unlogged) forwt stands in AlgOnqmn Provincial Park, Ontario. Seiecticm 

l w g  signincantly altered aspeas of sàade-toleraat hardwood forest habitat on which 

amphibians are known a, depcad However, Mth the exaption of A kan Toads (Bufo 

m&mzus) that wae mne abundant in managod stands, the 0verai.i diversity and 

abundance of amphibians did not differ sigdicantly betwee;a mamgcd and immuiaged 

ares. Therefml 1 conclrdcd that seleaicm logging does not alter hardwd forest habitat 

to the degree that U negativeiy affixts ampbibian diversity or abundamx. Imptications of 

this wm1uSon are discmsd 
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INTRODUCTION 



Wake 1991); forest fiagmeamtion (Laan and Vaboom 1990, Reh and Scie 1990); 

incieaSed mVgOnmenta1 acidity @iasoa et d. 1992: Freda 1986); and logging 

(deMaynadia and Htmm 1995). 

Although unable to elucidate amcrete evîdenœ for causal mechanisms behind 

amphitrian popdation declines, this controversy has nevertheless brought amphibians to a 

mae prOmment lwel of recognition among biologists, resana managers d the public, 

biology in both tmmhiaï and aquatic ecosystems. Researchas are now investigating min 

thoroughly the aécts of, and amphibian response to, various ankpgenic disturbances, 

widensource managers are danandiog tllat ecologisrs provide than with the informatioa 

nccessary to ioclude amphibians (as well as other non-game wiIdli6e) in habitat 

management plans (deMaynadier and Hunoer 1995; Dunson et al. 1992; Riiey and Mohr 

1994). 

Much of the Nonh Amencan iand base historically dombaed by foiest ecosystems has 

been nduced, degradeci and fragmenteci as land was cleared and developed for human use. 

Although ç<mie areas are now wmp1eteIy devaid of forest, a large proportion of public and 

pivate lands are managed for àmba (e.g. Anderson et d. 1990, Riley and Mohr 1994, 

Schmiegelow et al. 1997). In light of the accumnlatpd evidenœ suggesring that q h i b i a n s  

are k l i n u i g  in response to anhpogenic disturbances, and at a time when ecologists, 

-nt with ecologicai interests and habitat collservation (Anonymous 1995; 

Bosniaon et ai. 1974; Ekmann and Likens 1967; Gillis 1990; Hansen et& 1991; Likeos et 

ol. 1978; Riley and Mdir 1994; SctunBegelow et al. 1997). lecmt research efforts bave 

focused on determining the effects of timba management on amphibians, a d  amphibiau 

nsponses to logging in different fortst types (deMaynadiet and Hunter 1995). 

The imponaoa of arnphibians in forest ecusystems is fkequently acknowIcdged by 

emlogists investigating the effeas of timkr management on terrestrial amphibians (e.g. 



Bennett et al. 1980, Qawson et af, 1997; DeGraaf and Yamasaki 1991; Pais et ai. 1988; 

Peaanlra er al. 1993, 1994; Pwgh a ai. 1987). These investigatofs cite a number of 

original stndies diat show amphibians to be relatively abimdant wer small areas of the 

fofest floor (HeatwoIe 1%2; Jaeger 1980) and to m q r k  a highly sigmficant -nt 

of total vertekte biomass in the hardwood forests of nORheaStern Narth Arnerica ( B m  

and Likens 1975a). In addition, evidence suggests that amphibians are important as both 

prey and pdamc they are efficient sccondary producers (Burton and Wrens 1975b, 

Pough 1980), and they iat top predators of die food web (&Uocq, 

Kloosterman and Smith, unpublished manuscript; Frasa 1976; Jaeger 1972). By preying 

on popuiaticms of soi1 invertebrates, amphibs are thought a> reguiate popalatioos of 

organisms responsible for organic decay (deMaynadier and Hunter, 1995 sunmianIe 

thoroughly the most cmmody c i t d  litetahne on this WC). 

Despite thesc ecological des ,  amphibians are rarely included in habitat nianagement 

plans (Bury et al. 198Q Dunson et d. 1992; Jones 1986). When considered, they are often 

stemotyped For example, Andason et al. (1990) state that timber management strategies to 

maintain or enbance fish habitat eosure the profection of most riparian areas, and therefore 

most amphibian habitat, AIthough this might be me for many species bbabiting 

northcasieni hardwood forese, it is not m e  of ail amphibians. Some -aial aorphibians 

such as the Red-baicked Salamander (Plethodon cinereus) d y  solely upon microhabitats 

(e.g. downed logs, root systems and leaf litter) on the forest floor for srwival and 

reproduction. Othas such as the Wood Frog (Rama Syhcrtica) and Spring Peeper 

(Pseudacrrr cluc#ier) u x  upupland forwt microhabitats for foraging and refuge, but rcly upon 

ephemaal pools within or adjacent to forests for egg laying and larval development 

(Cmant and Collins 1991; Cook 1984, Tyning 1990). 

'Iliat amphibians are ge&y ignored by most uddMe managers is as much a 

re£Lecbt of the fact that amphibians are inconspicuous (small, nocnnnal, fossurial, 

arbaeal andrbr silent) inhaatants of forest ecusystems as it is a reflection of the g e d  



lack ofexprimeatal evidence nccessary to arplicitiyquantay the impcntanx of amphibians 

in forest ecosystemf and a iack of knowledge of mechamsms regulating a m p h i b  

populitiws at both the larval and adult stages (Wdbur 1980: deMaynadis and Hiinm 

1995). This la& of infmtim has theaetical aod p m d d  implicatim for ait 

&velopo[lent of emlogicaiiy sound management plans for fores ecosystems. Qearly, 

ecOIogists Reed 00 provide fanst managas with more infOQmaticm about the effécts of 

timba management on amphibians, and of ~illlphibian resparse to these disthances. Only 

with this level of hiowledge and imdastaading will it be possible to include amphibians m 

the balaire of conflicting ecologicai and arniomc values associated with timber 

management in North America (Cumming et al. 1994; hmson et al. 1992). 

deMaynadiex and Hunter (1995) emphasize this pffpective in uien review of the 

available literature on the relationships between fonst managernent and amphibian ecology. 

Although much (relatively spealing) is known of the effeas of clearcutting on amphibian 

papuiations in both coniferous and deciduous fonsts, basic information and mchamstic 

understandiag are lacking in many significant areas. For example: 

(1) Their revîew of the 1 i m  shows diat clearcutting in both deciduous and 

wMfef0us fores= has a negative impaa on amphibian populations: amphibn abundaace 

in coatrol forest stands is, on average, 3.5 times greater dian that obsewed in forested areas 

that had been recently clear;cut. However, &Maynadier and Hunter (1995) also stress that 

we stül do not h o w  how amphibians respond to disturbances of this magnitude (Ash and 

Bruce 1994; PetranfEa 1994; Petranka et al. 1993). Do they aestivate underground untü 

m>re suitable enviromnml conditions arise (Feder 1983). or do they emigrate fhm the 

site fiteratme reviewed by deMaynadier and Hunter 1995)? Lowa survivorship and 

abundance in ineas adjacent to clearcut stands indicatt that salamiinders perish on c1earcut 

sites (Ash 1988; Raymond and Hardy 1991). 

(2) Genedizations of the effkcts of thber nianagement on amphibians are king &am 

when ody one species or speciallled group of amphibians is studied (e-g. PewnLa et d. 



1993.1994). or when trends obsenred for a par?icular amphibian assemblage aie driven by 

d y  oae species.. (X 18 pepas Wntini speancalty on the &ects of c1e;ucutting on 

amphibians, 16 focuseci on salamandas (15 of these foaised on Pfethodontids). and oaly 9 

of the 18 Strdies included miiraas. deMaynadier and Hunm (1995) suggest that 

evah;iatiom of the impactr of timba hiirveshng be made on a species by species basis. in 

iight of the vay different Me lnstory stmtegh exhibitexi by variws species of hgs .  toads 

and siaman* 

(3) Knowledge of the nature of the &ec~ of partial, or -en-aged, harvesting 

profocols such as selection or sheluerwood Iogging on amphibian populations in the shade- 

tderaat hardwood forcsts of nordicasoern North AmaiCa is also lacking. To date, the 

&kas of these best ing profocols on amphi- have been vsaially d e d  

(deMaynadier and Hunter 1995). despite bit fad that these management strategies an 

wmsistenùy reummended and used in forest -nt plans for northem hardwood 

foraa (e-g. Anderson et al. 1990; deMaynadia and Hunta 1995; OMNR 1983). 

Ecologists studying the effects of forest age on amphibian diversity and abuodance have 

suggested that it is not the age of tk ~ees in tbe foiest that is impinoint to amphibians in 

aod of itseIf, but the uücrohabiots charaaaitic of older. mature forests (Welsh 1990). 

Therefore, partial harvests diat xnaintain some of the sûucarral inte& of uneven-aged 

fonsts (e.g. downed woody debris. leaf litter @th, canopy cover) may provide suffiCient 

suitaMe habi8t for a variety of a m p h i  (but see Pelranka et al. 1993). To my 

knowledge, no research has, as yec beai mducted on diis topic evm though tbis 

infORliation wwld be invaluable to forest managers when predicting impacts of even- and 

uneven-aged management strategies in attempts to Mance ecolo@d and ecommic 

interes (deMaymufier and Hunter 1995). 

(4) Alm>st nothing is know of the &ects of timber managanent and associated 

activities (e.g. road building. site prrpIaation) on breeding papiilatiom of ampbibians bt 

are either facultative or oMigate usas of aahnaly oanimng ep- pools for egg laying 



and larval development Amphiaans also use roddside pools d by logging road 

construction, but it is not knom wheth~r thcse pools as population s ~ u n x s  or 

popnlation sinLs for the bmxbg arophibians that use them (deMaynadier and H u n ~  

1995). 

SeIection logging is a widely used -en-aged management saategy for dude-tolefant 

northenr hardwood forests of nartbeasteni North Amerka. It involves the rerm>val of a 

pcdeferrnined cumulstive basal rires (m2/ha) of idhidual @es or d grwps of pole (9 

m < d i a m e t a < 2 4 c m ) , s a w ( U m < ~ < 5 0 c m ) ,  andoccas idymture  

(àïarœter > 50 cm) crop trees for tllnber production on a rotational basis. At the same tirne, 

dead and/= Qecaying nees are removecl to cnate openings in the canopy, which helps to 

redwx couptition among the remaining crop trees for light and nutrients (Anderson et al. 

1990). Selectim logging protaml is &signe& and assumed to d c  as closely as 

possible, naawl disturbances such as windthrow, small £ires and insect oatbreaLs 

(Anonvus 1995); however, this assumptioa remains to be tested. 

Because selectim logging removes only individual or small groups of rrees at a time. 

the s a ~ c M a i  integrity of small amas of the forest is essentdy le& intact (albeit distmkd), 

and mature trees in managed hardwood faest stands are maintaineci at an age of about 100 

to 150 years. Bonin (1991), Petranka et al. (1993, 1994) and Pough et al. (1987) suggest 

that amphibhn populations recover h m  clearamùig in northem hardwood foresa that 

have reached ages of 3û-60. 60-120 and 60 years, respectively, but it is not known 

whether the recuvery of amphibian populations is due specincally to forest age or to the 

recovery of miCrdlZif3itats cbaraMeristic of these older forcsts. For example, both Pough et 

al. (1987) and Bonin (1991) suggest that rccavery of the leaf Mer laya and mil-litta 

in- are prereqinsires to the recovery of amphibiaa populatio~~~ in clearait northem 

hardwood forest stands. Pough et d. (1987) also show that rniaor disturbances such as 

selective cuts fm firewood do wt scem to have negative impacts oa Red-bcked 

Salnmsnrla or Red-spotted New (Notophrhalnurs viridescens) populations. It therefore 



seems possible tbat selection logging, which mainrallis some leaf lins, downed woody 

debris, and canopy cover, may have Iinle posential to a&ct amphibians adversely. 

Howeva, the foUowing aspects of selecticm iogging protocol, unique to this management 

strategy, suggeçt that this type of timba managmiwt could also have negative impacts on 

amphibian popiilations inhabithg m~lllaged stands, 

(1) Selection logging has the potimtial to skew the age s t n i m  and quality of fast 

stands in favoiir of younga, nop @ty trees. Because this nranagemeat strategy selects 

for fa-growing nees approximaoely 150 years of age and younga (Andersoa et al. 1990; 

OMNR 1983), it is expected that the nmnilative basal a m  of logged forest stands wiU be 

less than that in unmanaged forwt stands (Le. diere Win be fewer mature uees greater than 

50 cm niameter). Removal of "over mature" cmp trop, as weii as dead, dying, diseased, or 

odiawise emmmically nonviable  ces fiam a forrst stand is expected m result in fewer 

large pieces of standuig and downed woody debris diat are modaately to well decayed, 

Major changes in tbe amount and s k  of downed woody debris in various states of decay 

could resdt in Iowa amphibian abundance in managed forest stands. Salamiinder 

abundance correlates positively with tbe amount of downed woody debris in foiests of 

narthwesteni (Dupuis et d. 1995) and northeastern North America (Petranka et al. 1994). 

Positive aSSOciatiOns of damaader akudance with Iarger logs that are modaately to well 

decayed have also been observed @Ieatwde 1962, Petranka et d. 1994). 

(2) At the stand scale, cawpy reduction could cause an increase in the amount of 

hckknt radiation that reaches the farest floor. if incident radiation were to increase 

si@cantly, then litter, soi1 and water temperatures would increase, as would evaporatioa 

rates. resul~g in a decrease in soiI and litter moistwe conte= as weii as in the size and 

duration of naanally occirrring and roadgde epbetnerai pools over tim. Changes in soil 

and littea and moisture conmit could result in a caniesponding change in 

understory vegttaton type, density aad compositim (see Bmy 1983). It is no< known to 

what extent partial canopy redwtion niight afFect mi-tat variables such as liaer depth 



and uadnsaory vegetation density. Studies are needed to examine these relationships and to 

relate changes in amphibian faoaa dÏrecdy to changes in habitat variables between manageci 

versus unrnanaged forest stands. However, it is kmwn that teresaial sahmanders are 

spanally anci t m q o d i y  resaicted to ;ireas with sii&cient xmistm for b v a l  and 

qmduabn  (Dueilman and Trueb 1986, Feder 1983; Heawole lm; Jaeger 1972, 1980; 

Spotüa 1972). High tmpmtms combined with dry m h d m ù i ~  interfixe wirh 

respWtion aad foraging oppmimities (Rder 1983; Spotila 1972). Thereforc, any 

disnirbences affecting ambieat temperamns aad moisiirre availaalty in mncrohabim used 

by aniphibians have the potential to affixt amphibian diversity and abundance. 

(3) Disttubnces associatd with roed uasmiction and the operation of heavy 

machinay (e.g. skidden) could alter local topography, and affect the number, size and 

distribuibn of ephemeral pools which are used by the majority of amphibians for bteeding. 

Wood h g s  (&men and Grudzien 1990) and Yellow-spoaed Salaman- (Stenhouse 

1985) show a high degree of h e d h g  site fidelity and both m e n  1982, d Whitford 

and Vinegar 1966, reSpectiveIy) wiU rauni to th& traditional breeduig pool aftar king 

disphcd to an alternate site. This suggesu that any alteration of the number and 

distribution ofephemeral pools, as well as the creaàon of roadside pools thrwgh logging 

d constnictim, could affect the extent to which these pools are used by local popnIations 

of qhibians. Sediment loading aad incruised hirbidity within these roadsiée pools c d d  

adversely affect the developmnt rate of egg masses. Reduced canopy mver assochd 

with roadside pools (see Patnc 1976) could- increase amphibian (Le. egg, land and adult) 

exposure to UV-B radiation (Blaustein et ai. 1994a); innease and evaporatim 

rates of roadsiQe ephaneral pools; anci darease roadgde ephaneral pool duration 

(deMaynadier and Hunter 1995). It is not kwwn whether roadside e p h e d  pools an as 

popWon sources or sinks for the populstio~ls of àeeding amphibians that use them. 

It is di&cuIt to prrdict whether, and if so by what mchanisrn(s), selectioa logging 

affece~ q h i b i a n s ,  in part because the &ects of selectioa 1-g on hardwood forest 



habitat have not been quantified. In many areas, selecticm bgging is condiided in the late 

fa11 and wiam, when at~lphibians are inaciive underground or under logs and I d  litter on 

the forest floor. Logging rmds are consaocted a d  mrrintained during the sunmr months, 

when it is o h  t w  hot and dry fm a t n p h i b s  to be d g  about on the forrst floor. It is 

therefm most Wrely that seteciion logging wdl a&ct amphibian populations indirectly, by 

altering the availahility and quality of M t a t  necessary for amphibians to SUrYive (forage, 

find refuge, disperse) and/' reproduce (nipuis  et ol. 1995). 

The general aim of thk investigative resear~h was EO address sorne of the issues raised 

by deMaynader and Hunter (1995). In particular, my goal was to de- the eff- of 

one type of partial harves~ that is, selection logging, on aniphibians in gerieral, and on 

individual @es for which 1 cwld cotlect enough data for anaiysis. In part, 1 aaempted io 

focus my efforts on forest-dwelling anurans that were facultative users of ephemaal 

breeding pools. By comparing a wide anay of habitat variables known to be important !O 

amphibians, concurrently with the d ivdty  and abundance of 11 spezies of frogs, toads 

and salamadm in logged (managed) and unlogged (unmanaged) forest stands in 

Algonquin Provincial Park, Ontario, my gœl was to detamine whether, and if so, by 

which mechanism(s), selection 1ogging affects aniphibiaw in shade-tolerant hardwood 

fores&. To my knowledge. this is the first study of the e f fm of partial harvesting on 

amphibians in norkastem North America. While the results of this rescarch will not be 

speçificaily applicable to amphibian populations in other anas b u s e  of ditFerences in 

elevation (cf. Penanka # al. 1993 and 1994). soil type, species assemblages and so on. 

tbey wili be broadly applicable to timber managememt protocols involving partial h a r v e ~ r ~  

ttiat are impkmnted in the nonhcm hardwood forests of northeastem Nonh Anmica. 



Study Area 

This rtsearch was uadertaken be-n 1 May and 1 Novemberof 19% and 1 May and 

31 August of 1997. in tk west side of Al- RovinQal Park. Ontario. Canada, and 

was based out of the Wdme Reseaxh Statioa (WRS) at Sasaje- Lake (45'35' 78'32'). 

The modcrately rdling ridges of this glaciased uplaad area range in elevation frcm 

qqmmh~e1y 366 m u> 585 m above sea b e l  aad an on average 200 m above die 

swromding 1amL Becaua of its b i g h a  e l d o n ,  the west 9de of Alg~uluin is rypically 

codQ and wetter than the sum>undulg ares- the Algonquin highlands reœive an annuai 

average of 100 cm of plbnpitation (33 permit as snow) and have only W W  k t  k e  

days per year, whaeas the sum>unding are!as receive only 90 cm of precipitation annually 

(26 percent as snow) and have a growuig season of about 10(1110 fhst  fh days 

(Anderson et al. 1990, Strickland 1993). 

MouMed and drrmped glacial tin (silty sands and sandy loams) mer granitic beçlrock 

supports shade-tolerant hardwood foriests compiised primarily of Sugar (Hard) Maple 

(Acer sacchartcm). Axœrkan Beech (Fagus grandifolia), Yellow Birch (BenJa 

alkghaniensis) and and Hemlock W g a  czmuhsb). Comnionly assonatcd hard- and 

softwoods inclde species such as Black Cherry ( P m  serotina), Ironwood (0- 

virginiana). Bladr Ash (Fr- nigra), Red Maple (Acer rubnun). White Pine ( P W  

snobus), Whie Spnice (Picea glcncca) and Balsam Fi (Ab& balkama)). This forwt type 

chanicterizes fociess in the Great LaLes-Sr Lawrence forest region of Ontario, Quebec, and 

northem New Brunswick (Hosie 1990), as well as the LICNChem hardwood fores& of the 

no& eastern United States (Anderson et al. 1990; Bommn et al. 1970; OMNR 1983). 

Rior to 1974, shade-toht hardwood forest stands in Algoaquin were m g e d  

using a combination of light highgrading for Yellow Birch and White Pine. and diamner 

imiit cutting (OMNR 1983). Since the inipietaentation of the Park's Master Plan in 1974 



(OMNR 1974), skie-mlerant hardwood foiwt stands have been nianaged under a 

selection sysr~m of sihriculm (Aderscm et uf. 1990; OMNR 1983). At 

present, just uoder 80 paiccnt of the tc&d PadE ana (ï7725 km2) is managd under 

selection, s h e i m  or cleaFcot silviculturaj systems. Shacbtdexant hardwoods 

reprisait appmirimately 50 percait of the proctucave faest in Algoquk (249,140 ha) and 

a small percentage of this a x a  is logged cecb year, on a Faational basis (OMNR 1983). 

With the incepion of the Park's Masm Plan in 1974 (OMNR 1974). forest stands 

almg thc Highway 60 COTndœ of the Park were iacluded within a Dewelopmat Zone. in 

ttris mm, small areas were developbd (or had atready beea developcd) as campgrounids arxi 

hiLiag Wits for public use. but the ma- of the forest stands were l& undisturbed. 

Although few logging records exist for forest stands in the Park pior to 1960, it is k l y  

that these forest stands had not beai distirrbed or logged for a signifïcant @ai of tim 

pria to the iniplementation of the Park's Master Pian, because of the ParL's desin to lmat 

poteatial Coaflicts b e ~ m n  forest managers aod memben of the public. ASde h m  areas 

used for camping or hiking, forest stands dong the Highway 60 corridor likely have mt 

been Iogged or otherwise d i s W  f a  at lest  the past 40 to 50 years, and probably longer 

(Miheli, pasonal connnnnication). 

Study Sites 

To daemiine whether? and if SO, how (Le. by alming which aspects of amphObSan 

habitat) seldon logging affects amphibian divexsity and abmdanœ in SM-tolerant 

hardwood forest habitat, 1 coqated amphibian diversity and abundance cmcmeatly with 

amphibian habitat in 10 fartst sraods actively nla~1sfged d e r  the selection logging system, 

and 10 unmanagexi forest stands within the Deveiopment Zoot of the W e s t  side of 

Pmvincial Park (T'able 1). Managed and unmanageci f m t  stands were chosen 

at d o m  fkom large areas of contiguous forest stands that were: known 00 be accessible in 

late April thnwigh early May by a 4 x 4 truck and/or an ail terrain vebicle (ATV); known to 



be compriseci of at least 70 percent shade-mlerant hardwmd species and a mhûnum of 60 

pmmt Sngar Maplc and known to have sh i l a r  distiirbana histories, up a, the point of 

seiection iogging flable 1). 

Al1 10 unmnnaged forest stands were randomly chosen from a large ana 

(approxhmely 36 la$) of accessible, wntiguous forest stands almg the Highway 60 

Corzidor of Algonquin (Figure 1). However, it was difficult to find a si& large, 

coatiguous Mo& of accessible7 managed faest stands with identical logging histories nOm 

which 10 could be chosen at randan. It was therefare neasary  to choose the 10 manageci 

forest stands nOm two aiieas: 5 forest stands chosen fbm the Sunciay Lake R d  amt 

(appn,ximate1y 16 lad total area) were logged in 19664967 and again in 1993-1994; and 5 

forwt stands chosen nOm the Martin Lake Road area (approxhately 18 km2 total ana) 

were logged in 1965-1966 and again in MM- 1995. nie Sunday Lake Road and Maitin 

Lake R d  areas of Algonquin are approxhately 19 km apart h m  each other and each is 

approximately 13 km and 16 km, respectively, f b m  the unmanaged forest stands alwg the 

Highway 60 corridor (Figure 1). Within each of the managed and unmanaged areas 

surveyed in 19% and 1997 (Table 1). forest stands were a mmimum of 150 m spart, and 

no f m t  stand was greater than 4 km h m  any other. 

'Iliroughout this resuuch, managed and unmanaged fmsf stands were surveyed in 

pain to tond for weather fluctuations between surveys (Figure 1). F m  1 May to 1 

November 19%, 5 forest stands in the Sunday Lake R d  ana of the Park (stands A 

h u g h  E; Figure 1) and 5 unm~naged fmst staads almg the Highway 60 cornda (stands 

a tbrwgh e; Figure 1) were sweyed. The rerriiiining 5 pairs of managed stands (F thrwgh 

J; Figure 1) in the MarM Lalre Road a n a  and stands (f through j; Figure 1) 

dong the Highway 60 corridor were samp1ed between 1 May and 31 August 1997. This 

way, 1 was able to sample forest stands in the Sunday Lake and Martin Lake R œ d  areas of 

the Park 2-3 years aher they wexe logged, unda the assumption thar the effccts of selectim 





Survey Methods 

I w i s h e d ~ c ~ d c o m p a r r t h e ~ t i o n o f a m p h i b i a n c o m m u n i t i ~ i n  

managed and umnnnaged fores stands To do dis, 1 used a cmmbmam 
. . 

of seyeral -y 

W. modified fmm mamls reammaM by Heya et al. (1994). a, quantay the 

diversityandabmdanceofaIlamphïbianspeciesencoun~ateachobservabksragein 

their H e  cycle. Each type of survey was used to examine diversity and abmdana in a 

pmiailar type of habitat known to be of impaauice to Merent species or life stages of 

aznphibians. Siweys of epbemral pods were used to cbaracmize the diversity and 

abandaace of keeding addts, egg masses and krvae; quarirat srweys were used t~ 

qnantify the abmidanoe of Red-bar:ked Salamaaders in particuIar, and drift fena and pithII 

trapsurveys wereusedtoquantifyt&abrmdanceofamphibiansmaving about on the 

forest floor during the spring, s u r m e r  and fall seasons (Figure 2). I also Mshed so 

~uantifjr the habitat available to amphitnans 
. * innianagedandunmanagedforeststaads~ 

daamuie mechanisnis by which selection logging affected the cooiposition of ampbibian 

commtmities. To this end, 1 quantifid characteristics of each ephunerai pool s w e y d  

hardwood furest habitat (e-g. leaf liPa ciepth, deasity of the understory, cawpy cova) in 

eachofthequdratsiocludedinthesurvey; andsoiltempaanireand~~~)istureateachofthe 

dmrift fem and piM nap anays included in the survey. Survey methods used IO 

c- amphibian habitat, diversity, and abandance are explaincd in detaü in the 

respective sections below. 

Data Anal ysis 

Each of the suwey methods describecl in the secrions bebw was dMgned to dacmmie 

whtther dection logging affects the abmhocc and divefsity of amphibians in managed 



a d  unmmiged forest stands. 1 uscd these mtbods to test the following nuil hypouicsis: 

thaeismdiff~inainphi~divdtyandabandanccU,f~siaodsmanagcduada 

seIcction bgging relarive m farcst steads left uadisturkd fa at leest 40 y-. 

Result~ofthisresearch~beofimpownce~farestmnagerswhoM&miac1ude 

anipbibiansinforestmanaganentp~aswdlas~rtsponsiblefamCfomnlntioa 

and/of~ofs i lv icnlturaipraCtim and poiicies basdm ~ e o o l o g i c a l d a t a  For 

ttsesenason~dbeauiseamphibianpopolatioascuiflpupiateagreardealhyeara 

year, 1 fdt mat a type II aror (not *g the null hypothesis when it is false) was mot 

d y  dian a type 1 emn (rejecting the null hypothesis whm it is true). To redoa the 

chances of Cannmuing a type IJ errol, 1 used an alpha value of 0.10 for ail aaalyses of 

amphibian data (Cohen 1988; Schmiegelow e? d. 1997; Welsh and Lind 1W5; ïk 1984). 

In all othacases; that is, in analyses ofbabitat data and of amphibiaa-habitat reiationships, 

the maventionai alpha value of 0.05 was used. 

Rior to couducting each analys& data wen araniined using the K o l m o g ~ r ~ ~ - S ~ v  

test (Zar 1984) a, detanrinc whnha ttien were any sevm deviations fhxn ltormajity. 

Whae possible, non-namal data were tranSfOrmed &g conventional wnsfomiations 

(Krebs 1989; Zar 1984) or noo-pwunearic staastics were used. 1 dicl not examine the data 

for homogeneity of variances, because of the g e d y  pow perf" of these tests (Zar 

1984). but assumed insted that nonnalieng the data wodd aquallic the varianas ( K n b s  

1989; Zar 1984). In ail cases of repeated manne ANOVA analyses, abundaace data were 

not Mamal a d  conventional transformations did not nmmabe the h Box-Cox (Rrebs 

1989) and Taylor's Power Law (Southwood 1978) wnsfomiatons wae also 

but Wdh no success in deteminhg a canmoa  orm mat ion a> Rormalize the abundance 

data cokted for each week of ephamal pool, quadrat or drin fence surveys. ANOVA 

analyses are known to be robust to dwiabns nmi the assu~nptions of n<nII181ity and 

homogeoeous vaEaoces (Zar 1984) and I rrlied on this assumption whai adyzing the 

abundance data Univariate analyses weie completai ushg Statview SE+, version 1.04 



(Abacus Concepts, uic.) on a Macintush Perfocma 52W CD. Muliivariaae analyses were 

@Ormed using NTSYS-pc. version 1.80 (Applied Biostatistics, Inc.) on a 386 IBM- 

compatible persooal cornputer. 

PART 1: VARIATION BEIWEEN STUDY SITES AND 

SURVEY YEARS 

Observai differences in amphibian habitat, diversity and abundance between managed 

a d  unmanaged forest stands surveyed in successive years cannot be attributexi sokly to 

selectim logging unless forest stands are alike in all aspects except amtment (i.e. maaaged 

versus urmanaged forest stands). For this reasoa, it was nccessary to ensure that al1 

maoagad and umnaaaged f a t  stands sweyed in 19% and 1997 had smilar 

physiographies and were subjea to similar weather conditions. These aspects of fonst 

stands selected f a  snidy could not be detamined a priori, and wwe ktennhed in 19% 

(fa stands A and a through E and e; Figue 1) and in 1997 (for stands F and f t h u g h  J 

and j; Figure 1) as follows. 

Met hods 

mYs&?rw4Y 
Physiograpbic data were mllected as outtined in the Central Ontario Forest Ecosystem 

Classification manuai (Chambers and Lee 1992). Data fm some variables were obtained 

fiorn available maps. Otba physiographic data were coilecfed in each of 5 randdy located 

10 x 10 m quadrats per forest stand (Figure 2). In this case. values for each variable 

c o U d  k m  each of the 5 qudrats were averaged to ohah one value for each of the 



amaged and unmanaged forest stamls stladied The elevadai (m asl) of each forest stand 

was estimatcd h m  National Topogaphic Series maps using NAD27 (Table 1). Stand inra 

(ha), man tree age (y), mean &ee height (m) and percent of trees in the stand that w m  

Sugar Maple were ddaniiaed niom Forest Resomce Iaventory Maps, published in 1994 

and available h m  the Ontario Mûktty of Natmal Resoorces. Tcpgraphic position. 

(mghg fkom l=top to S=bottom of slope, -on, and 7=plateau), shape of ground 

(concave, flat, convex). percent dope (ushg a SILVA clinomeoer compas to the ne- 

percent), length of the upslope and domdope (total si- length is the sum of the upslope 

and downslope, to the nearest O. 1 m), and aspect ('N) were for each quadrat 

(Chambers and Lee 1992). 

Because some of these variables were currelated with each other, I used MANOVA 

analyses (Manly 1994; Rohlf 1993) to detemine whether manageci and unmanageci forest 

stands sweyed in 19% and 1997 differed sigmficantly h m  one anooher with respect to 

top~graphy (tupographic position, w t  slope. totai slope length, shape of ground) and 

forest composition (jxrcat Sugar Maple, tree age, tree height). Two-factor ANOVAs were 

pedormed to ddamine w h a h a  managed and umnanaged forest stands surveyed in 19% 

and 1997 d i n d  with r e s p t  to elevation and area. The man aspect of quadrats in each 

forest stand was calculated using methods outlined in Zar (1984). A non-parameaic, two- 

sample, second-order analysis of angles, using Watson's two sanipie test, was used to 

demmine whether the man aspect of quadrats in rnanaged and unmanaged forest stands 

sweyed in 19% and 1997 differed sigdicantly. 

Weather 

Maximum and nriinimum air temperatiires were recordai to the nearest 0.5 'C, almg 

with a grnerai description of the type and fkquency of pecipitation, on a daily basis at 

WRS (Figure 1). Because WRS is quidistant to the thme sndy areas. recorded weatha 

conditions were condered to be representative of a i l  faest stands smeyed over the two 



years of the smdy. Graphs of average w&y maximum and minimum tempadtmes wer 

time w a t  v i d y  mmpared to ensure diat air mqemms cad na differ to any grcat 

degrcc between 1996 and 1997.1 used a Whxon signed-rank test (Zar 1984) to cornparc 

the average rumba of rainy days per week in 1996 and 1997. 

Results 

Physiography uf Mamged mid Unmunuged Forest Srmdr 

Physiographic data collected during snnnna quadrat siweys were examïned t~ 

determine whether managed and unmanaged fonst stands surveyed in 19% and 1997 wen 

sigmficantly d . m t  £hm one awdier. Tests for homogeneity of the variance-covariance 

matrix for MANOVAS of topography and f m t  composition data showed that the data 

were not homoscedastic. Therefore, 1 used Pillai's Trace as the test statistic, because it is 

the statistic most robust to heteroscedasticity ( S o m ,  personal oommuni,cation). 

Forest stands grouped by treatmmt and survey year did not ciiffer significantly from 

one another with respect to topography (MANOVA: Pillai's Td.8036; DF,=12, 

DF2=6; M.2146) or forest oompOsition (MANOVA: Pülai's Trace=0.8093; DFl=9, 

DF2=48; W.0640). Elevation of managed and unniiinaged stands (ANOVA: F=1.906; 

DF=l; P.$). 1864) surveyed in 1996 and 1997 (ANOVA: F=û.û24; DF=l; P=0.8800) did 

not differ sigmficantly from one another, ami 1 f o d  no signifiant interaction between 

trrahnent and survey year (ANOVA: F=3.976; DF=1; M.0635). The area of manageci 

and unnianaged forest stands (ANOVA: F=1.257; DF=l; M2787) surveyed in 19% and 

1997 (ANOVA: F4.004, DF=l; P=û.gSll) also dïd not differ significantly. A g a  1 

observed no significant interaction between tramnent and survey year (ANOVA: F=0.062; 

DF=L; M.8064). Finally, the mean aspect of quadrats in managed and tmmanaged foiest 

stands (Watson's two-sample test: U2=û. 1422; n,=%= 10; 0.1O<P<0.20) sampled in 19% 

and 1997 (Watson's tw~sample tesr. u2=0.0474; nl-%=lO; b0.50) did mt M e r  



sigmnauitiy h m  one another. The man aspect of all forest stands included in this study 

was south-swthwest 2W. with an anguiar deviation of 67'. 

Weotkr  ùr 19% and 1997 

Wcather conditions w a t  ranarkably simüar tirroo-t bodi of the 19% and 1997 

field scasons. Thac was an average of 2.5 & 1.6 SD) and 2.0 & 1.5 SD) rainy days per 

wœk in 1996 and 1997, rtspectively. A Amxcm si@-ranlr test showed no Sgrrificaot 

digtmace in the mmn numberofrainy days pa week of the field season in 19% and 1997 

(T_=ll, T + 4 ,  N=ll; P=û.0901). Average weekly maximum and minimum air 

temperamres varieû slightly between the two years of die study, 

dramatic differences in the teqmtme profiles of the 1996 or 

3) 

but there were no obvious 

1997 field seasons (Figure 

Discussion 

Managed and unmanaged forest stands m e y e d  in 19% and 1997 were similar with 

respect to their physiography and wexe subject to simüar weather conditions. This 

knowledge, toge* with knowledge of restrictions used when randomiy seIec~g 

managed and nnminaged forest stands for inclusion in this study, strongiy suggests tbat 

observed differences in amphibian habitat, divefsity and abundance between managed and 

unmanageci forcst stands surveyed in successive years can be attributed sdely a> selectim 

logging, since f m t  stands are aiike in aU aspects except tieatment, 

Hairston (1989) emphasizes that laowledge of pretreatment data and the use of propet 

controk are two of the t h  absdute requirexmnts of propa experhental design. 

deMaynadier and Hunter (1995) reiteme this, and state that the absence of these 

componaits constitutes one of the mjor shammhgs of recent stuclies that have examiaed 

relationships between iilllphibiaa d o g y  and tmiba managexmnt. However, thcy a h  

acknowledge that the absence of accrirate pre-t data for ii~~]q)bibian diversity and 



abundanœinoonheastenifats*lisduetothealmostcomp1~absenceofpnmarY, mat 

foiesa able to serve as tme experhmtal controls (Riiey and Mohr 1994; Aiverson a al. 

1994 aad LNaat 1993, as cied in & M a m e r  and Hunter 1995). Coopaatim with 

fcxestry companies to time the collection of pn- and pommtment data with cutîîng 

opetaticx~~ is n a  impossibIe, but it is very dinicu~ In many cases, the carew and rigarous 

matching of opmerion treatment and control stands, as 1 have done h a ,  is the ody 

practicai soIution (deMaynadia and Hunter 1995). 

PART II: SPECIES RICHNESS AND HETEROGENErrY 

It is di&cult to d e  a priori predïctions coucerning the diversity of amphibians within 

contiguous stands of managed and unmanaged forest On one hand, areas managed for 

timkr production are dissecteci by an expansive network of logging roads, while 

unmanaged areas in Alg~t l~uin are not. If logging roads prevent migration or dispersal, 

then it would be appropriate to pedia Iowa amphibian divefsity in managed stands. 

Small, isolated popdations axe more susceptible to stochastic enviramental, genetic, and 

demographic events, and th& risk of dedine or extirpation is therefore much gnater than 

that of several larger, non-isolat& adjacent populations (Scbaffer 198 1; Soulé 1987). 

Metapopiilstion (Levins 1970) and island biogeography @hcArthur and Wilson 1963, 

1%7) theaies predict that species divesity wi. decrcase in fragmented habitat due to die 

higher extincfion rates and Iowa recdonization nues associated with isolated areas. 

On the 0 t h  hand, logging roads couid act as dispasal comdors and negate any 

negative eff- of Iogging on amphibian diversity, or pgtiaps encourage immigration âom 

otha areas. Conflicting evidence exists. Populations of the C o n  h g  (RMII 

tmprmüa) in G~ermany exhiblted Iower tban average h-g&ty and genetic 



pdyruorphism, bah of which were attfibuted to population isolation by rads and railways 

(Reh aad Seitz 1990). Coaversely. deMaynadier aod Hunter (see deMaynadiet and Hunter 

1995) ooted that migrathg addts or cüspasiiig jweiiües were more likely a> cross logging 

roads than mae sedenrary iactividuals mowig within established home ranges, and 

concluded that the effixts of loggiag roeds in Maine were m l y  not strong enough a> 

caosepopilati011isolation. 

I investigated amphibian species richness and heterogeneity in managed and unmanaged 

shadt-tolerant hardwood farest smnds as a cnde measure of the eff' of timCY?r 

management on amphibian Cammunities. but 1 did not maie a p M  predictiotis aboot the 

direction of potential diffkences in richaess or hetemgeneky. 

Methods 

Various smvey mediods wae used a> detamine the abundance of breeding adults, egg 

masses and larvae. as weiî as non-breeding and jwenile amphibians in managed and 

unmaaaged farest stands. These srwey methods, chosen for their ability to detect a wide 

variety of amphibian species at various observable stages in their We cycle. are s m  

below (sae the Metiiods sections of Parts III and IV). 1 poded information h m  each of the 

s m e y  methods to examine and compare species richness and diversity in managed and 

unmanagai fonst stands, Species wert recordai as king "present" in a forest stand if they 

were de- by any one of the survey methods use& I determined the total numba of 

deWons for each speQes present in each forest stand sumeyed, by poolhg data for 

bneding addts, non-bretding aduits and jweniies detected during m e y s  of managed and 

immannged ephemeral pools. quadrat surveys and dRft fence srweys over both years of 

the study. 1 excluded counts of amphibian eggs and larvac h m  estimates of total 

abuudance because these surveys did not allow m to detea eggs and lawae of al l  species 

present, and in the case of Wood Frogs and Spotted Selamanders, egg mass counts and 

larval esoiimues were n a  independent of each other. 



Icalculatedspcciesrichaessasthenimÿberofspbcies&tecfedpah~iaeactiforrst 

stand, and used a M~M-Wtœy U test (Zar 1984) to ampue the niimba of @es 

de&ctedperhectareinbahmanagedaod~edfaeststands Because the conceptof 

species heterogeneity (Krebs 1989:329-330) taLes both mes richness ami the abundaoce 

of each @es into account, 1 used the K e d  rank cmelation c œ f l k h t  to demniinc 

whether there was a signifiant correlation b e e n  the composition of anrphibian 

comm~tiies in manageci and unmanaged areas (Krebs 1989, Zar 1984). 

Results 

The average number of species deteaed per haaare in managed stands (0.44 + 0.24 

SD) did not differ significandy nOm the average numba of species daected pa hectare in 

unmanaged forest stands (0.28 + 0.15 SD). Though unmanaged stands were slightly larger 

than stands muiaged under the s e l d o n  silvicuiturai system, they did not contain 

sigificantly more @es of arnphibians (Mann-Whitney U test U=29.5, U'=70.5; 

n,-=IO; P=0.12) (Figure 4). 

AnalySs of recapture data collected in 19% showed that recapnrre~ camprised a 

consistent, but srmil proportion of the total number of adult and jwenile amphibians caught 

diuing sunrrys of ephematal pools and drift fence and piâd trap arrays. However, the 

cornparison of amphibian heteogeneity in manageci and unmanaged fortst stands sampled 

in 19% was not affected by the inclusfoo of ncaptures in calailatioos of the totai numba 

of amphibians detected per species. Recapture data were not mIlected in lm, in the 

interests of thm, and because they were not r e q d  in repeaied m u r e  ANOVA analyses 

of amphibian abundance (see below, Parts III and IV). Ekzause 1 couldn't exclu& 

rccaptme data h m  both s w e y  years, I p l e d  the heterogeneity data, inciuding 

recaptures, for adult and jwcnile amphibians mllected doring ail smey methods, in bodi 

years of the study. when cahlahg the total nirmbcr of amphibians detececd per species 1 

obsemed a signifiant, positive correlation between the divemity and abundance of 



Discussion 

PooIingdata~mallsurveymthodsaiIowedaietodetca11 ofthe 12speciesof 

amphibians apected in shade-tderant hardwood forest habitats of Algcmquin Vabie 2). 

Noae of the m e y  methods useû revealed Two-lined S- (Elcryceo bislineota)). 

They are Iücely present in both managed and umnanaged forest staads; however, this 

species exhibits a close association with forest streams and seepages and .y survey 

methods were not designad to w p l e  these habitats. 

EIeven species w æ  found Li managed forest stands. whcreas only 9 species wexe 

found in unmanaged forest stands (Fi- 5). It rnight appear that species richness was 

slightly, albeit non-significantly, lower in umnanaged forest stands than in managed areas. 

even when contmlling for stand area However, Gray TrearOgs (Hyh versicobr) were 

heard while conducting surveys of unmanaged forest stands, so the fact that wne wac 

observed drning amphibian surveys may be due siinp1y to the f a  that they did not use the 

selected ephemeral pools for breading, or to tbe faa that they tended to bned in larger? 

mcm pamanait bodies of watez). Buli Frogs ( .  m@skùm) a h  went uktead in 

unrrurnaged forest stands, despite the fan mat calls were heard from surroundhg forest 

lalres during nocnimal sweys  of cphemeral pools and quadrats. It is e n h l y  possible that 

Buil b g s  use unmanaged shade-tolerant hardwood forests for dispasal. even though no 

individuals of this species were àeteaed during surveys of unmanageci forest stands. The 

only Bull Frogs dctaned in manageci fonst stzinds were a gravid famile and a jwenile, 

both presumably on kir  respective ways to mxe siritabk habitats. Ovemll, +es 



richmss and heterogmeity were extmmdy siniilar in managed and umnsnaged fore~f 

stands* 

Estimaaes of species heferogeneity in managed aad ~nnvl~l~ged forest stands could be 

doaad# l  by the incIusion of recaptmw in the abiadance data. However, while th 

estimates of individual species abundances would change slightly, it is highly unlikely that 

the oudcome of the cornparison w d d  change. Average mcapûm rates, as a percentage of 

the total nmber of adult and jwede a m p h i b  cap- dining srweys of ephemeral 

poois (managed stands, 2.0 pezr=ent; unmaoaged stands, 2.3 percent), qtiarIrais (no 

recapture~), and drift fence and piifdi trap arrays (managed stands, 3.9 percent; unmanaged 

stands, 1.8 percent), werr of similar magnitude in managed and unmanaged fonst stands 

in 1996. As mntioned above, the outcame of comparisoas of heterogeneity in managed 

and unmanageci forest stands surveyed in 19% did not change widi the inclusion or 

exclusion of recapaire dam -se of this, and because o h  working with amphibian 

populations in sbade-tolerant hardwood forcsts have observed recapture rates remarkably 

siimiar (Le. 3.9 percent) to those found hge @eGraaf and Rudis 1990). 1 a s d  that 

recapnne ra~cs wouid be similar f a  amphibians deteaxi io managed and unrnanaged forest 

stands sweyed in bodi 1996 and 1997, and therefore assumed that inclusion of 19% and 

1997 recapûms would not affect the outcorn of die comparison of hetff~geneity in 

managexi and unmanageci forest stands. 

lhat the r i c h e s  and composition of amphibian wmmunities in managed aad 

unmanageci forest stands is so similar, suggests that selectioa logging does not fragment 

hardwood forest habitat to the degree that it interferes with dispersal and cdooization rates, 

even at the staad scale. However, almost no research has been completed on this topic (but 

see deMaynariier and Hunter 1995), d it is sriU not conclusively known whether logging 

roads act as barriers to locally dispershg juveniles Wor migratory breedhg adults. 

Berven and M e n  (1990) exarnined the genetk structure of Wood Frog populations in 

several adjaceat M g  ponds in the Appalachians, and showed that populations w i t b  a 



PART III: AMPHIBIANS AT BREEDING SITES 





ephemaal pools at the keeding adult, egg miss aad larvai stages, in an aawp 

daeimmewhaherskctiailoggingaffecsuplaadpopaktioasofbrcedingamphibians 

indinaty, by alfeTing reproductive &ori and success tfirongh tk aloeratioa of the 

avaitaalty, 9zc and dnratioa of brabdiog pwds 

Met Bods 

As the snow was d h g  in the nrSt week of May of 19% and 1997, just at the 

~gofthebrcsduigseason,cpbanaalplswaebaPbdbywallàngIw)Tth-~~~th 

and aist-west tmnsem throogh aich forest stand, listening for c a h g  Wood Frogs a d  

Spring PT. 1 raodomly seleaed one epbemeial pool per stand far ssunpiing. except 

when only one pool was found Imrariably, managexi forest stands were asected by, or 

were adjacent to, a logging road and, in these stands d y ,  one of the maciside ephemeal 

pools was also randdy chose0 for samphg* The two types of ephanaal pools in 

managed f o ~ s t  stands were tberefm r e f d  to as ''mana@" pools and 'Loadside" pods. 

Ephmiwl pools in unmaaaged f ~ e s r  stands were referred to as "unmaMged7' pools 

(Elgure 2)- 

C h a r a c ~ t i c s  of M m g e d ,  R d  Md Ulvnanaged E;phemeral P d  

Duxing the first weck of the breediag season, the length and width of each managd 

roadsideandimmanapedephemeraipoolwasnieasureda,thenearcstO.l m.Thesurface 

ana of each p l  was calculated to the neartst m2 by using the f a w i l a  for the area of an 

ellipse. Maximum @th of each pool was nmsured to the nearest cm Larer in the ~ummer, 

percent canopy cover was daaaaned for the center of ezh pool using a sphcrBcal 

demiorneter, as the average of four reSdiDgs taken to tbe north, south, east and west. The 

duration of each pool was &emhed as the number of days the pool c011Eaiaed standing 

water7 beginoing with the fPst &y of the h e d h g  scason and ending with the last &y m 

August An extension of the Kruskai-Walh test was used to paf- non-parameaic, two 



faca~ ANOVAs to detembe si-t clifkences in the surface area. maximum depth, 

percentcanopycovaarKidurationofmanaged,roadsided~@ephgneralpools 

sumyed in 1996 and 1997. A non-parametric extension of the Tukey test was used for a l l  

a porcterion' multiple cornparisons (Zu 19û4). 

In early May of each year, one maximumminimum thennometet was plaEed 

mchmter, in the œnm of the pool, and water temperaanes were recorded to the nearest 

0.5 'C on a weekly basis und the end of August, cr until the pools ctiied up. Maximum 

and mioinnim tempenihait data for managed, roadside and UILIIISLI~II~~~ pools w m  Manially 

distributed, and raw data were useù in simple hear regnssion analyses that were 

Momied to deterxxüne the relationship between rmxhmm and minimum temperature ova 

thm for each of the tbree different pod types. Regressions of pool temperaane on tixœ 

were tested for Lineanty. Polynomial regressions were fi& tu the data when regressims 

deviated si@cantly h m  iinearity (Zar 1984). The slope aod elevatim of lirma 

regressions wen  compared using methods outlined by Zar (1984) to derermine if 

relationships between pool tempaa~e over aime differed significantly between managed, 

roadsde a n d  unmanageci pools. 

Abundonce of Breedug Adults 

For the fÏrst five weeks of the treeding season (12 May - 14 June in both 19% and 

1997), noaunial. time-consaained sunreys of ephemral pools were conducted between 3- 

5 h af ta  dark, to &tamine the abundance of breeding addts. Surveyors, 2-4 in number, 

systematically walked thrwgh and around the edges of each epherneral pool for either 60 or 

30 imn, respectively. Individuai breeding adula of di species encomterd were capturecl. 

Equal amounts of thne wae spent in ali areas of the pool to capture a representative nwnber 

of each species present. Special attempts were made to search for silent and inconspicuous 

species such as Yellow-spotted and Blue-spotied (Anrbystoma laterale) Salamandem. 



In 1996, a l l  captured individuals wen raken back to the iab for processing the 

foiiowhg IM)RUlI1g. ûne me h m  each individuai was ciipped to indicate the stand in which 

it had been caughr Toes were storeà in labeled e p p e d a f  tubes containhg 70 percent 

fonilalin. This was &ne for di spacies acept Red-backed Salamandcrs, whose toes were 

m small to clip, in an anempt to detanHne the q r e c a p t i i r c  r ; ~ e  of aduits at bnediag sites and 

movement of individuais betweer~ forest stands AU inrlividuals were retumed to kir point 

of capture More nam the foliowing moming. In 1997, iodividiials were pnrcssed in the 

field and ntumed to their point of capture. Toes were not clipped because examination of 

the recapture data collected in 1996 suggested that aoophibians were not moviag betwem 

fonst stands and because repeated measure ANOVA analyses used to dCtamine diffaences 

in the abundance of aaqhibians between managed and unmanagexi forest stands meyed 

in 1996 and 1997 (see below, Parts III and IV) did not require the use of recapture data. 

Throughout the tmxding season, ephemeral pools in tnanaged and umnanaged faest 

stands wae  sampled in paUs-, during both years of the survey, one pair of managed and 

mmamged stands was surveyed per night (Figures 1 and 2). Because mctmd siweys 

were conducted 5 nights per week, for the k t  5 wceks of the keadùig season, cadi 

rnanaged, roadside and umnanaged epkmed pool was sinpied once per weck, and 1 

could detamine a total of 5 repeated rneasures of breding adult abundance per pool. 1 used 

a ttine fanor @ooi type, survey year, week of the breeding season) repeated measure 

ANOVA (Cody and Smith 1991; Winer 1971) to determine ciifferences in the abundance of 

bneding adults in managed, mubide and unmanaged p l s  over the 5 weeks of the 

breeding season. 1 also broLe these data down and ucamiaed differences in the a b d m  

of American Toad, Spring Peeper, Wood Frog and Green F'mg ( R m  clamitonr) Wts 

ova thne for each of the thnx pool types surveyed in 19% aod 1997. Parametric Tukey 

tests w a e  used for a posteriori multiple compatisons of the repeated measme ANOVA data 

(Zar 1984). 



Abradance of Egg Masses 

Diunial seatches of each managed, raadside and u~11a11aged ephemral pool w a r  

ccmducted to detemhe the total nrmiba of Wood Fbg and Spoüed Salamander 

(Ambysmmu) egg masses in each pool. Metences in the number of Wood h g  and 

Spotmi Saiamanda egg masses dtoccted in each pod type and each year of the m e y  

w a e  detiemiined using an extension of the Kniskal-Wallis test a> pafomi a two-factor, 

mn-paramehc ANOVA (Zar 1984). 

AbUILCIIUICe ofLmvae 

Once the egg masses hatched, time-c011strauied, d i d  surveys were conducted to 

de- the ab* of a~llphibian larvae in each pooL Siweys were coaductsd in the 

sarm manner as above: for 30 min, 2 sweym would systematically w& through ami 

around the entire pool, while using D-nets t~ capture larvae. Once capture& larvae w m  

contained in buckets Med with water from the pool until they caild be identifiai (Altig and 

Ireland 19&1: Preston 1982). counted, and released at their point of capture after the survey 

was complete. Larval surveys w a e  umducted at ngular intervals throughout the suinmers 

of 19% and 1997 until the ephemaal p i s  dned up. Although repeated measmes of larval 

aàmdance were made for each pool sampled in 19% and 1997, pools were not surveyed 

with the same fhquency in each year because the duration of the various poois fluctiiaterl to 

a great degrce. Therefore, meao numbers of larvae, as weii as mean numbers of Amrran 

Toad, Spring Pceper, Wood Frog, and Gnui h g  larvae w e ~  cal- for each pool. 

These data were analyzed using an extension of the Kniskal-Wallis test to paf= a non- 

parametic, two-factor ANOVA, a> dcmmioe whetha t k e  w m  any s i w t  

différe~lces in the abundance of larvae bctweai xnanaged, roadside or unmanaged 

ephemml pools srnveyed in 1996 and 1997 (Zar 1984). 



PowwAwrysiswdVlIti4VSCePCllfitiOning 

Ushg mthods describeci by Cohai (1988). 1 demnrined (a posterioni) the power of the 

repcatedmaslaeANOVAo~daarasipnincantdiffemxein theabudanaeof ùreeding 

addts betweea mmaged, roadsidt and unmanaged ephemaal pools. 1 also detemkd rhe 

sarnple size necessary a> detect a signifkant ctifferetlce in the abundance of iflll~hibians m 

each pool type, at a powa of 0.90 and a signincance hrel (alpha value) of 0.10. 'Xhe 

proportions of the total Variance in breecling ad& akindana accou11t.d for by pool type, 

siirvey year, week of the breeding saison, and the interactio~ls of these factors were 

estimated for breeding adula by dividing the smns of squares by the tocal ~ m s  of squares 

for the repeated mcasuic ANOVA modeL 

Anlphibian-Habitar Relationslips 

1 used step-down. stepwise multiple regnssion techniques (Zar 1984) to determine the 

maure of n&itionships between the abundance of breedîng adults, egg masses and larvae a 

breoding sites and the characteristics of managed, rOadgde and unma~taged e p h d  

pools. 1 used mean numbers of breeding adults. egg masses and Iarvae per pool in each 

forst stand, and calciilatPA multiple regressions Usng data for the sutface area, maximum 

deptfi, canopy cover and duration of each pool. Multiple regressions were also p a f d  

to examine relationships between the abundance of breeding anliits and the maximum and 

miniminn temperature profiles of ephemeral pools over tirne (Le. week of the breecting 

season). Rior to proceeding widi the multiple regression analysis, 1 detemiined whetha 

thexe wen: any sipnincant correlations baween any of the habitat variabies. The c~rrelaaon 

maaix of habitat variables was used to interpret multiple regression results. 



Results 

CharacterisriCs of Mmaged, Roodaile Md Umimuged @henreral Pods 

Althongh the smfece ana of ephemaal pools did wt differ between 19% and 1997 

(Kmskal-Wallis: H=1.03; DF=1; 025<P<OJO), the surface aiea of managed, roadsiée 

and mmanaged pools M e r c d  sipmnCantly (KNskal-Wallis: H=7.46, DF=Z 

O.Ol<P<0~025) (Table 3). Roadside ephemeral pods were sigdîcandy SmaUer than bath 

manageû (Tukey test q=3,45; N=l@ P<0.05), and unmamged epbemaal pools uukey 

tesc q=323; N=1& PEO.05). Nevertheles, maximum depth did wt dina signifïcantly 

baweea rnanaged, mdside or unmanaged ephemed pools (Kruskai-Wallis: H=1.12; 

DF=2; 0.5ûcP4.75) surveyed in eidier 19% or 1997 (Kmskal-Wallis: H=2.35; DF=l; 

0.1W<O25) (Table 3). 

'Ihae was no s igdhnt  cli&rence in the percent canopy cover of epàemeral pools 

sampled in 19% and 1997 (Rmskal-Wallis: H=2.82; DF=l; 0.05<P<0.10), but the 

percent canopy a>va of msnaged, ro;adside and unmanaged pools did dina significa~tly 

fiom one another (Kniskal-Wallis: H4.77; DF=2; 0.01~P4.005). Table 3 shows that 

whik the percent canopy cova of &de pools was significantly lowcr than the paceat 

canupy cover of UI~ITI~~IISI~~~ e p h e m d  pools (Tukey test q=435; N-10; P4.05) neither 

managed and roadside pools (Tukey test q=1.47; N=10; Ps0.05) nor maaaged a d  

unmrinsrged pools (Tukey tesc q=2-87; N=lQ P-05) différed significantly from one 

amther with respect a> percent canopy cover. 

Despite the clifferences observed in the d a c e  axea and canopy cuver of manage 

&ide ami umnanaged ephemral pools. pool diiranon did not ciiffer significantiy m g  

the three pool types (KNskal-Wallis: Hd.146; DF=2; 0.9CkP4.95) (TabIe 3). However, 

the duration of pools sampled in 1996 (74 days + 33 SD) was sigdicantly loaga than that 

of pools sampied in 1997 (54 &YS & 30 SD) (Kniskal-Wallis: H=4.36: DF=l; 



0.025<P<O.05). There was no siginncant ïntaection between these two fanors (Krriskal- 

Wallis: H=1.54; DF=2; 0.1 ûcPeû25). 

Maximm and min8inmi tempaamre data w a e  nonnally distributed fa aii pool types 

anâ simple hem remions were dcdated using die raw data In cases, regressBons 

of maximum and minimum mnpxabm over time for nianaged, roadside and ummaged 

ephanaal pools yiei&d signifiant, positive relationships. nie regression of minimum 

tempaatinie of roadside ephemeral pools ova 9me c?ià not deMate signïficantly from 

hearity (Test for Iin&ty: F=6.09, D F 4 *  42; 0.10<Pa)2!5) (Figure 6). However, 

regressions of minimm temperatnre over tim deviated significmtly fkm Luieanty for 

mnaged ephancral pools for linearity: F=2.61; DF=4, 41; P4.0005) and 

mmanaged ephemeral pools (Test for lineanty: F=3.55; DF=4, 30; 0.01<P<0.025). In 

each of these cases, a third de- polynomial regression was the mode1 that best expiained 

variaton in the data (Figure 6). Regressions of maximum tanperature over time did na 

Mer sigmficantly fhm linearity for managed (Test for linearity: F30.19; DF=4, 40, 

P>0.25), roadside (Test for Linearity: F=û.57; DF=4,41; M.25) or unmsrnaged (Test for 

linearity: F=0.44; DF4? 30. M.25) ephemeral pools. Cornparisons of regressions of 

maximum temperaaure wer tim for each of the timx types of ephemrai pools showed diat 

the ngressims did not Mer significantly h m  one another with rtspect a> slope (F=l.29; 

DF=2, 123; M.25) or elevation (F=3.07; DF=2 125; 0.05<P<O. 10). Figure 7 shows the 

si@cant, positive relationship between m;Uamum temperature and tmic coaimon t~ 

msnaged, roadside and unmanaged pools. 

Abwidonce of BreedUg Ad& 

A taai of 1527 individual i1111phibians of 10 spxies weze detected during s w e y s  of 

mamged, roadside and unmanaged epbemeral pools over the 19% and 1997 fieid seasons 

(Table 4). Of these, 1498 (98 percent) were fiogs and and anci oniy 29 (2 percent) were 



salamanders Together, AmriCao Ta&, SSpring Wood Fhgs and Green Fmgs 

mséeiip97pacentof ditmalniimberofamphiaans&& 

niae w a e  no signifbnt diffe~enoes in tk abmdanœ of breeding adults baween 

maaaged rcdside or mummged epbrmeral pools ( R e  masan ANOVA: Fa.26;  

DF=2; P4.78) sampled in 19% a 1997 (Rcpeated masun ANOVA: F4.77; DF=l; 

P439). nie change in the abundance of bmxhg adults ova  the 5 weeks of the ûredng 

seasoa did not di&r S @ d y  betwieen any of the pool types (Reqxaîed measure 

ANOVA: F=1.5% DF4; W. 16). The abundance of bneding adults was wt consisUently 

higher or lower in eitha manageci, roadside or unmanaged ephaaeral pools (Fi- 8). 

Slightly mne Spring Peepers and Wood h g s  w æ  cap& in unmanaged ephemed 

pools than m atha managed or roadside pools (Table 4). but repeated measure ANOVA 

analyses showed that neither the abundance of Spring Peepers (F-0.41; DF=2; PP0.67) 

nor the abundance of Wood Frogs (F=l.26; DF=2; P4.30) d.ered significandy baween 

manageci, roadside or unmanaged ephemeral pools sampled in 19% or 1997 (Spring 

Peepers: F4.04, DF=1, W.84; Wood Frogs: Fd.62,  DF=l, Pd.44).  nere was no 

signin*mt Merence in the numba of Spriag Peepers found among pool types over the 5 

weeks of die breedïng season (Repeated measure ANOVA: Fa.49; DF4;  P4.86) 

figure 8). However, the abundance of Wood h g s  observed in managed, muhide and 

unmanageci ephemaal pools differed sigdcantly over time (Re+ m u r e  ANOVA: 

F=2.15; D F 4 ;  M.04): Wood Fmgs were m m  abundant in unmanaged ephemaal pools 

d y  in îhe breeding suison (Figure 8). 

Sismficaady more Amexïcan Taads wexe cap& in 19W than in 19% (&pated 

measme ANOVA: F=10.97; DF=l; P=0.003). In addition, die abundance of American 

Topds differed si9riificantly according to the type of pml surveyed (Repeated measure 

ANOVA: F=3.19; DF=2; M.06). Significantly rime American Toads wen captured in 

managed than in unmanaged ephemaal pools consistmtly wer tbe two years (Tukey test: 

q=3.45; DF=24; P<0.10); however, the abundance of Anaerican Toack did not diffkr 



signifhntly betwm managui versus roadnde pools flukey test q=2.53; DF=W, 

P-10) or baweai macisicle vasps tmmanaged pools flukey tst q=O-!lQ DF=W 

Pm.10). Finally, dise was no sigxikant diffaaict in the change in thc abPndanct of 

Amrran Tmds mer tbe br&diag s#isoa (Repmrsl masm~ ANOVA: F=1.21; DF+? 

W.30) for eïtha rmnaged, TOdidSide or ammaged pod types (Figure 8). 

Ontn F b g  abundancc did not v;ay sigmficantly ammg manage4 madsick or 

mmmaged e p b m d  pools (Repeated masure ANOVA: F=1.08; DF=2; P4.35) 

sanripled in Qt&r 19% or 1997 (Repeared masiire ANOVA: F4.10; DF=1; P=û.75). 

Neither dY1 the abrmdance of Green Frogs in manage& Ipadside or umnanagsd ephanaal 

pools change Sgmficantly over tbe h e c h g  seasoa (Repeated masure ANOVk Fd.98; 

DF4;  M.45). 

A posteriori power aaalysis showed ihat the power of repeated masiire ANOVA tests 

to detait dïEerences in the man a& of bneding adults in manage& roadside and 

unmanaged pools was macceptably low. For an alpha value of O. 10, and an &kt sLc of 

0.10, power was equd 0 0.16. Approximateiy 7 1 of each pool type wouM k neçessary tn 

detect a si-t Merence in numkrs of M g  adula per pool type with atpba and 

beta both equal to O. 10. My ability to detect changes in the man niimba of breeding adults 

in managed, &ide and uamanaged p i s  wer the breoding seam rose to 0.X) 50th an 

alpha value of 0.10. In this case, I WU only have to increase my sample size to 25 in 

order to detect a 21 pacent différence in the abundance of breeciiag adults in managed, 

roadside and ~rnmanagl  pods over the 5 weeks of the breeding season 

(aQha=beta=û.lO). Not srnprisingly, pool type (1.0 percent), siimy year (1 -4 paoent) 

and the intaactbn between pod type and week of the breeding season (4.4 paant) 

accounted for very Iittie of the observai varhœ in the man number of k e d h g  adults. 

The majQity of the variance in breeding adult aàindrma was accounted for by the am 

tems in the ANOVA mode1 (vanation betweai indiMdual pools, 44.0 p6eng variation 

asscciated with individual pools and week of the bnediog season, 34.4 percent). 



Abrotdonce qf Egg Mizws 

Ova tbe 1996 a d  1997 brrcdmg seascms, 1 dsewed a total of 476 Wood Frog and 

178 Spoatd Saknminda egg masses in tbe 10 managed, 10 raidde and 10 unmmaged 

ephmnal pods ssmpled (Table 5). N O I E ~ C ,  twefacho~  Krrislral-Wallis tests show 

tbat signifkandy mae eggmasscs wac f d  in 1996 ihaa in 1997 (Wood Fmg: H=5.99, 

DF=l, 0.01<P~û.025; S p a n d  Salemaoda: H=5.99, D F 4 ,  O.OkP<0.025) ,  but tbe 

nombas of egg masses alrl mt Mer si-y among manage& roadside or 

rmmsnagad ephmiaal pods (Wood Frog: H=3.84, DF=& O.lCkP<O.25; Spotted 

Saiamanderi H=0.27, DF=2, 0.7S<PcQ190). 

AbundonceofLorvaiAmphibianr 

A total of 19,039 iadividuals of 4 @es were chxted during larral s m y s  

c0~ilpIeted in 1996, and a W of 15,071 in- of 5 species were dempd during 

Iarvai surveys canpieted in 1997 CabIe 6). The ahdance of Iarvae of ail species captmal 

dïd not d36er significantly, either berneen 19% and 1997 (KNskal-Wallis: Ha.95; DF=1; 

0.25<Pd.50), or among managd roadside and unxmnaged ephaneral pods over both 

years combined (Kniskal-Wm H4.51; D M  0.75<P<0.90). SimilaT rr~ults W= 

okaimd when data for each species were examinai sepa~ately. Although signincanrly mm 

Wood Frog larvae were derCCad in 19% than in 1997 (Ihskd-Wallis: H=4.05; DF=1; 

O.Clî54(0.05), there was no significant difference in the number of American T d  larrae 

(lh&d-Waiiis: H=0.41; DF=l; 0.50<P<O.75), Spring P e e p  larvae (Kmskal-Wallis: 

H d . 2 0 ;  DF=1; 050cP4.75) or Green h g  larvae (Kruskal-Wallis: H=l.W, DF=I; 

0.25dkû.50) daezted betareai the two m e y  years. Neitha were thert any signifiant 

diffimmœs in the abundance of AmeTican Toed larvae (Kruska-Wallis: H4.58; DF=Z 

O.lW<0.25), Spring Peepa (Kniskal-Wllis: Hd.07; DF=2; 0.254?<0.50), 

Wmd Frog 1- (KNskal-Wallis: H4.12; DF=2; 0.90cP4.95) or Grien Frog larràe 





variables w m  not sigdkmdy din't finm raa Simple liaair regnssioas of W d  

Frog (E16-92; DF=l; P=û.0003) a d  Spaied Salamanda (F=7.58; D E I ;  W.01) egg 

mass abmidance on pool drnadon wexe signifiant, and aamuntpn for apyn,rcimaoe1y 38 

pcnmt and 21 percent of the variation in egg mass aamdance, rspecrivelyY A -le 

~ r e g r e s s i o n  of larval aamdaace on pool dmation was also sigmficant (F=lOJO; 

DEI;  M.003) and acawitcd for about 2'7 pacait of the variation m larval abundance 





the bre4diag seeson accomiad for d y  6.8 -nt of the total variation in txeedhg aduit 

abuadaace. 

U n f m l y ,  the power of the repeatd tmasme ANOVA tests used to deoax 

ctifferem=esinbrcedingadultabriadanrint&ttnrtpodtypesoverthe~of the 

?xeedïng seasoa was ~acaptably low. My duinces of COIflLlditting a type II emn when 

tcsring for a pool e f f i  was 84 pemœnt, and 71 pools of each type w d d  have b a n  needed 

for the rtspectm tests to have sdjcieut power. However, my chances of comrnitting a 

type II enor when testhg fot ciifferences in the abDadaace of breading ad& over the 

breeding season that were reIsrPrl to pool type wert mnt moderate (Le. 50 percent). If 

se18ct1on loggiag were to a&m amphibian abundance sigdicantly, then I would expect 

amphibian abundanœ to be consistentiy higher or lower thn,ughout the breeding season m 

managed versus immanaged ephemerai @S. This was not the case, suggesting either that 

tbere is no effect, as concluded above, or that my sample size was too low to detect small, 

but real, ciifferences in the abundance of broeding adults, eggs and larvae amoog managed, 

roadside and unmanaged ephenieral pools. 

Powa is a functioa of &ect s b  (and therefore variabijity of the data), sample size, 

and the lewel of significance* Low effca sizes, a high de- of variation in the data, aad 

low sampie sizes will necessarily result in low power (Cohen 1988). Sample sizes r e q d  

to de= a signiscant differenœ in the abundance of broeding adults with equal probabilities 

of Comnntring type I and type II errors (i.e. alpha and beta both qua1 0.10) did not differ 

by an order of magnitude from those used in this study. Given the low effect sizes, the 

smng dependence of amphibiari abundance on pool duration, and the knowiedge that the 

d d o n  of mdnaged, fOadSide and unmanaged pools did not dina sigdicantiy hm me 

amther, 1 concluded that seiection logging does not negaîively a&m the abundance of 

breeding adults, egg masses or larvae in managed, roadside or unmanaged epbaneral 

pools. Nevertheles, fiirtbes maniplative eqxriments, using a suff?cient number of 

repliates, would pvide a stronger test of this conclusion. 



PART IV: AMPHIBIANS IN UPLAND FOREST HABITAT 

Eviderice suggeas thpt it is the availability of spact and suitable moist niicrdiabitat~ 

(Frasa 1976; Heatwole 1%z Jaeger 1979; Maiorana 1978). as opposed to the availaality 

of food (Jaeger 1972). that regulates the density and abundance of tarestrial salamandas. 

Tbe abuadance of the American Toad, on the other hancl, has been fourd to be codated 

with density of the Undefstary (Pais et d. 1988; Wyman 1988). Amrican Toads an aiso 

knom for dieir ability to witbstaod drier* m>ie rnbamaed conditions (Cornt and C o h s  

1991; Cook 19W, Tyning 1990). 1 thezef- eqemd to fimi fewa Red-backed 

S-ders and pahaps m m  American Taads in maaaged relative to mmanaged f o ~ s t  

stands, because I expected fewer mailable moist micmhabitats in managed forest srands In 

particular7 1 expected to nnd fewer, iarger logs that were modcrately to weli decayed, and I 

expeaed higher soi1 temperatmes, lowa s o i l  moistures, de<seased leaf liner depth and 

i n d  vegetation density in response to lower m p y  cover and an increast in the 

amount of incident radiation h ihg  the forest flooc in managed fortst stands. 

Quamat sunreys were conducted to assess the abundance of ampliibians moving about 

on the forest floor in the early spring, and drift face and pitfall trap çurveys were 

conducted in each of the stimmer, f d  and spring seasons to demniiae w h e k  selectim 

logging changed the timing of q h i b i a n  &ty on the forest floor in managed relative m 

unmanageci forest stands. Again, I attanpbed to detanrine mechanisms of the eff- of 

selection Iogging on amphibians by correlaàng amphibian abundance with speQfic habitat 

variables known to be of Unportance a> both Red-backed Salamanders and American 

TaadS. and suspectecl to be al- in either quality or quantity by the seidon logghg 

process. 



Methods 

Furest F h r  Cmpmtw . C n 

five randomly locand 10 x 10 rn quadraîs wae established in each forest stand 

accorduig rr> metbds omüaed by Chambns and Lee (1992). OM of each quadrat 

fâced M>rth, and d wooden stakes marked the nonh east, north west, south east and 

wuth west comas of the plot (Figure 2). In July and August, surveys of each quadrat 

were coadocted to cbaracmize the @ty and ~uantity of shade-mlerant hatdwood forest 

habitat avaüable to ampbibians. Habitat data were m I l d  in each of the 5 q-îs per 

fofest stand, accorduig to mthods outlined in the COFEC manual (Chambas and Lee 

1992). Values for each variable dec ted  fnm each of the 5 quactrats were averaged g> 

obtain one value per managed anci unmanaged forest stand 

Wsthin each 10 x 10 m (Le. 100 m2) quadrat, the ana of ground covaed by leaf liner. 

downed woody debris and rock was determined. The area of ground covered by 

h m s  vegetatim 04.5 m in height was also de- as an index of understory 

density, or "ope~eu." Leaf litm was miIected (dowu to the h m s  Iayer) within a 

circular. 189 cm2 plot just outcine one randomly chosen cornci of each qiiarfrat. The 

average number of leaves pa 189 d plot was useù as an index of leaf Liaet @th in 

managed and unmamged forest stands. Canopy cover, esthatexi from the center of each 

q w  was detemaad as sunnnarlled above for epbemzai pools. These data were 

anaiyzed using either a mefactor ANOVA or a non-parametric. t w ~ f -  extension of the 

Knislcal- Wallis test (Zar 1984) to determine whether managed and unmanaged forest staods 

sweyed in 1996 d 1997 diff& significantly h m  each other with respea to the above 

characteristics of farest f lm habitat, 



Downed Woody Debris 

I quantïîïed the downed w d y  d e h  available in managed and unmanaged fanst  

stands h g  two diagonal tran~ects, each 14.4 rn long, diat ran from the nonh east to south 

westandnr>mthenoithwesttosoutheastaxners of cachquaârat. Eachpkceofdowned 

woody debris greatn than 7.5 cm in diameter, ami intersected by one of die transects, was 

masiaed and chamcmbd 1 recaded the number of pieces of downed woody debris 

dong each transect, as well as the length and diameter ofeach log, to the nemst 0.1 m and 

0.5 cm, rtspcctively. 'Ihe decay class of each log was also Rcorded (Table 7), and cach 

log's volunx was calculateci to the nearest m3 using the fonnuIa for a cyIinder. To fkher 

characmiEe the downed woody debris included in the survey, logs were puped by sise 

class: "poley' logs were between 7.5 cm and 24 an in diamem; "saw" logs were greater 

than 24 cm, but less than 50 cm in ciiarriee and ''matme" logs were those greata than 50 

cm in diameter. Foresters use this classificaàon to group live trees, except that they define 

"pok timber" as any nee bctween 9 cm and 24 cm in diameter (Andas00 et al. 1990). 

Downed woody debris was puped  aamding to the number of logs (expressed as 

#tpieœs&i) ami totai volum (expressed as m3/ha) in each decay and size cfass, in bodi 

managed and unmaoaged forcst stands surveyed in 19% and 1997. D i f f m ~ e ~  in the 

number of pieces, volume, diameret, length, and decay class of downed woody debris in 

maaaged and unmanaged forest stands sumyeci in 19% and 1997 were de<ermined using 

e i t k  a two factor ANOVA or two-factor, non-parametric extension of the KniskaLWalIis 

test (2ar 19û4). Difierences in the number d pieces and volume of downed woody debris 

for each level of treatxnent (te. managed vernis unmanaged faest stands), decay class and 

size c h  wae &termined using a three-factor ANOVA (Zar 1984). 

soil Temperaaue Md Moisme 

Io 1997, s d  temperames were recordeci at unique. random locations just a few metres 

h m  each drift fence and pidd nap anay (Figure 2) once per week from the second week 



o f M a y ~ g h t o t h e s e c a d w e e k h  Augwt, to the~ ie 'c  usingadial&emxmmx. 

Soil samples wece talrm using a soil axer (25 cm h g  by 2.5 cm Mde), weighed 

inmicdiaoely in the neld using a portable, batruy-opaated elccnonic scaie to the neans& 0.1 

g. and taken back to tk kb fa poassing. Soi1 simples were dried in an oven kept at 60 

'C until they reached a consaint mass. Percent soi1 moistuse was detennined by sabwcriag 

the final. o v e n e  mass of the soil fimn the saolple's initial wet mass, and Cavidiag this 

axxnmt by the final, oven-dry mesp of the soii. Lincrir regnssioa analyses w a e  used w 

exsrnine the reiationships be%uea soü temperature, moisture and time in managed and 

unmimageci fortst stands. Tests for linearity were perforwd (Zar 1984) a, demmine 

whether regnssions were inckd, Iiaear, and pdywmial regressioas were fitted a> the data 

when regressions deviated significantly nOm linearify (Zar 1984). The slope and eievatioa 

of hear regresSons were compand using methods outüned by Zar (1984) to detcmiine if 

reiationships between soi1 temperature and moiSnire over time diffkred significaatly 

between manageci and unmanaged faest stands. 

Quakat S w e y s  

One quadrat per stand, per night was sunieyed 2-4 h after ci& for the fim 5 weeb of 

the breeding season to cietennine the abundance of amphibians mwing about on the forest 

floa drrring the d y  spring. Rope was tied around the corner stakes to dtlineaoe 

boudaries of the quadrat. Two field assistants started at opposite corners of a quadrat (e-g. 

nonh east and south west). Wrdi the aid of headlamps, the leaf ütter was searched in a 

thorough, systematic fashion, until all areas of the quadrat had been covered. Lea€ litter 

was searched by h d  down to the humus layer (i.e. soiI-litter interface). AU rocks and logs 

w a  rolied mer, however, logs were n a  npped apart, despite the fact that Rd-backed 

Satamaodeis could have been inside. Timing was such tbat habitat surveys to quantify 

announts of downed woody &bais (sunnnarited above) had to be conducmi after the 

bnading suwn (Le. in July - August), and it was therefme necessary to lave  downed 



woody debris intact Ail individuai amphibians captured during sunreys were pmcesed as 

smmmrkd above fot cphemial pool sweys in boni the 1996 aod 1997 field seesons. 

Quacht surveys took b e w a i  05-1 h to comp1ete, depaidïng on the number of 

meyars (2-4) and the amonat of litta and wady debais present QuamatF were surveyed 

just p r k  to condming ephemral pool siweys for a pemailar stand. &cause a different 

qriadratwassuweyedperstandforeachof the5 weeksofthebrrerluigseason (12May- 

14 June in both 19% and 1997). 1 c o u  detemine a totai of 5 independent, repeated 

measures of amphibn abmdance in q u h s  of ~nanaged and unmafliiged forest stands 

ove- the breeding season. 1 used a t h e  factor (stand type. survey year, m e y  week) 

repeahed masun ANOVA to demnsne Mimmces in the abundance of ai I  aniphibians 

dacaed on tbe forest floor of managed and wmianaged stands o v a  tirne during rhe 

breeding season (Cody and Smith 1991; Winer 1971). 1 also considemi diffmnces in die 

abindance of Red-backed Salamanders in managed and unmanageci f m  stands over the 

in a separate analysis. 

Dr@ Fence and Pi&il Trap Suweys 

(3nt drift feace and pitfail nap array was established at the center of each forest stand 

and was used to capture juvenile and non-breoding amphibs  moving about on the fonst 

floor outside of the bneding season (Fi- 2). An array consisted of t h e  amis of 

laadscaping cloth. each 10 m long and supparted in a vdca l  position at reguiar intervais 

by wooden stakes. Each ami of the fence stood approximately 80 cm hi@, and the 

landsape cloth of esch a m  of the fence, as w d  as the supporthg stakes, were anchad 

about 2û cm deep into the groumi to prevent amphibians h burrowing unda the fenœ 

amis. One 2.84 1 pib' trap was pkced flush with the ground at the center of each array 

and at the ends of each a m  Amis of the fence were arranged in a 'Y' configuration, with 

ont of each of the amis of the f a m  pointing in directions of 0. 120 and 240 'N, 

respedvely. The arrays could be aptncd by arming the caas open side up. and closed by 



tmniag the auis upside drrwn. When the pidall naps were open, a synhtic spooge, some 

leafüaa,iudaboot2wofwaterwatplacedineacbadp.'Lbesefeatufe~providedsbe1ter 

and moismn for -bibians, 

A w y s  were opeaed fa 57 array-nights in the smimr of 19% (23 Iune - 28 August), 

46 array-nights in the fall of 1996 (17 Sepember - 1 Novemba), and for 42 -y-nights 

between 18 May and 7 Jdy in 1997. ûnce upened, arrays were ckked every Monday, 

Wednesday and M y  Mac m. Cripaned amphibians were pmœssd in the field. as 

descrïbed above far die 1996 and 1997 field seasons. Itrdividuals were reieased close to 

th& point of capture, s e v d  meas  away fbm the ariay, in order to avoid any imnrit;an 

recaptmes. Bath the total nmber of aniphibians and the numba of Amerran Toads caught 

in each array w a t  averaged for eadi week of the spring, surnmer and fall seasms. 

RepeaPd measure ANOVAs werc used to detemine differences in the abundarice of 

amphibians and Amaran Toeds in managed and unmaaaged forest stands in the sunmvr 

and fall of 19% and in the spring of 1997 (Cady and Smith 1991; Winer 1971). 

Power -sis d V-e PartitiOtthg 

Using rnethods descnbed by Cohen (1988). 1 detamined (a posterUKI') the power of 

each repeated measure ANOVA to dema a sigmficant difference in the abundance of Red- 

backed S- and Ameican Toads in managed and unmanaged fixest stands ova 

thne. 1 also determiaed the sample size n e m s s q  to detect a sipifkant di81ixence in the 

abundance of Red-backed Salamandm and Amencan Toads in each stand type, at a power 

Ievd of 0.90 and a 0.10 level of si- (Le. alpha and bem both quai  to 0.10). 

The proportion of the mai variaoa in Red-kked S- and Amaican Toad 

abundance aiccounted for by pool type, siwcy year, week of the breading season, and the 

interactions of these factors wexe estbteù by dividing the sums of squares by the tDial 

smris of squares for the repeated measme ANOVA modtL 



Amphibian-Hdb- Relatiomh@s 

I used sapdown, stepwise mdtiple regression te- (Zar 1984) to demmm the 

aaant of xelatidps baw&n the abondance of Red-backed Salamaadas, Americaa 

Toads, and the habitat CM 
. . 

of managed and mmmagd fortst stands. I used 

mean numbas of Red-backed Saiamanders and Amaican Toads per forest stand, and 

cdcukd  multiple ~gressions ushg averages of the a& of ieaves in the leaf liteer, 

percmt -y cova. nuxnber of pieces, volume, and ckay class of dowhed wmdy 

debris;areaofgnmndcovaedbyLi~,downedwoodydebris,androc~dtheirrcaof 

grwnd devoid of vegetation, in the 5 qqdms of of managed and unmanageci forest 

stand. Multiple regressions wem also perhned to examine rdationships bdween the 

abundance of Red-backed Saiamenriarr, Amaican Toads, and the profiles of soil 

tanpaa~t and moisture over t h e  (te. m e y  week). Rior to pmceedhg with Ihe 

multiple ngression analysis, I determined whether there were any si@cant currelations 

between the habitat variables. The correlation b of habitat variables was used to 

interprer multiple regressim results. 

Results 

Foresr F h r  C e s i r i o n  

Sigmficantly l e s  of the ground area in quarfrars was covered by leaf Etuz in 1997 tban 

in 19% (Kniskal-Wallis: H=8.69; -1; 0.0014W.005). However, t k e  was no 

sïgnificant difheeoa in the a m  of ground c o v d  by leaf litm between managed ami 

unmanagexi foiest stands (Knislral-Wallis: H=3.16; DF=l; O.O!kP<0.lO), and thae was 

no si@cant intemdm baanai these two fanors (Kmdcal-Wallis: H4.01; DF=I; 

0.95<Pd1.97). Less g r o d  area was wvered by downed woody debris in unlogged forest 

stands (Kruskai-Wallis: Ht4.32; DF=I; 0.025<P<0.05), but thae was no si-t 

diff;erenœ in the a n a  of groUIKt m d  by downed woody debris in quaOraa sampied in 



1996 and 1997 (Kniskal-Wallis: H=û.41; DF=1; 0.75@d.90) and there was no 

signifiant interdon betweeri these two factors (Kmskal-Wallis: H=O.W, DF=l; 

0.9fkP4I.95). There was no signiscant Merence in the area of p u n d  aiverrd by rocL 

between managed and urmienaged quackats (Kmskai-Wallis: H=1.6Q, DF=1; 

O.lO<P<O.B) sampIed in 19% a 1997 (Kniskal-Wallis: H=0.78; DF=l ; 0.2S<P<0.50) 

and that was 00 sig&cant inmacrian between diese two factors (Kniskal-Wallis= 

H=2.70; DF=l; M. 10). 

In ai l  cases, deciduous l w e s  were the domioant mmpmut of the Ieaf ütm in both 

managed and unmanageci forest smnds. lhexe were sgdicantly mrre leaves in the lai€ 

lina of unmanaged forest stands (ANOVA: F=10.32; DF=l; P=0.005). and although 

fewez leavcs w a e  found in the lcaf littjer of fo~est stands surveyed in 1997 thaa in 19% 

(ANOVA: F=25.35; DF=l; P=û.ûûûl), thac was no sigmficant interaction eB& 

(ANOVA: F=û.40; DF=1 ; P454). Deasity of the und- M).5 m tail did not dafa 

Sgnificantiy between managed and unmanagexi fonst stands (Kruskal-Wallis: H4.21; 

D e l ;  0.5W4.75) sampIed in either 19% or 1997 (Kruskal-Wallis: H=2.07; DF=I; 

O.lCkP4.25) and th- was no sipmficant i n d o n  e&ct between these two factors 

(Knrskai-Wallis: H4.97; DF=l; 0,25<P<050). 

Cawpy mer was sigmfîcantly lower in muiaged forest stands (Knrskal-Wallis: 

H=14.29; DF=I; P<0.001), but there was no difference in the canopy mver of foiest 

stands surveyed in different y m  (KNskal-Wallis: H=l.Z9; DF=1; 0.25<P<0.50) and 

them was no signifiant interaction efféct between these two factors (KNskal-Wallis: 

H4.02; DF= 1; 0.75<Pc0.90). 

Downed Woody Debris 

1 found significantly fewa pieces of Qwned w d y  debris in unmanaged forest stands 

(ANOVA: F=11.54; DF=l; W.004). despite the fact diat thae was no sigoiIicaat 

Merence in the volurne of downed woody debais between managed and unmanaged forest 



stands (KrPsLal-Wdk H=1.65; DF=l; 0.1O<P<O25) in Ciaur 19% 1997 

(Kniskal-WalEis: Hs0.28; D h l ;  0.50<P<O.75). In addi- downed woody debris was 

of a signüïCSIlltiy lowa meen &cay ciass in mmaged farest stands (ANOVk F-7.66; 

DF=l; W.014). Tbgetk, this infcmiatim suggests rhat therc were feam, but largia 

piars of downed w d y  debris of a higber decay class in manma@ forest stands. 'Ihat 

wasooSgnificantdiEere~l~eintheriiarmrrofdowmd LogsinQthanianagedor 

farcst staods (Kraskal-Wdk H4.63; DEI; 02%P<OZ5O) m s i w e y e d  in 

1996 d 1997 (Kmskal-Wallis: Ha-01; DF=1; 0.90<P<O.95). H O W ~  logs teMkd 

be longer in mmaq& foresr stands rhan in managed forest stands (AEJOVk F=3.15; 

DF=1; M.09). 

If logs w m  ind&d fewa but iarper in umrianaged forest stands, then fmaia 
. - e x a m i o a t i o n o f ~ i e l a r i o n s h i p b e t w e e n t h e v d a m d ~ o f ~ e c e ~ o f d o w n e d  

woody debris should show eidia that thae wae a gieam numba of the larger saw and 

nienne logs relative to the n& of pole logs in mmamged forest stands, a that the 

re-ely few logs of each rriIe class in forest staods wexe 1- and acc~uated 

for a gieater total volume than did the logs in managed faest stands. Iataactbm b e a i  

the n m k  and volume (Figure 9) of logs of each 42e class dLi not dina Sgdbntiy 

h e m  managed and unmanagexi faest staDds (number of logs: F=2.02, DF=2, M. 13; 

volum of downed woody debris: F4.02, DF=2, M.98); the pr- of pole, saw 

and mature logs (in both n u m k  and volume) were sindm in ôoth nianagbd and 

unmamg& forest stands. However, the discnpancy betw&n the nmnba of pok logs in 

manegad and umnanaged forst stands was greater than the discrepancy between die 

voium of those logs (Figure 9). This reM0llship btween thc n u m k  a d  vdume of 1- 

in managed and mmmged f m  stands holds over s e v d  Pze and decay classes (Figure 

10). suggesting t h  thac are indeed fewer, larger logs in unmamged forest stands. 

Différences in the number ofpieas and man &cay class of downed woody debris m 

managed and iinnwnaged forest stands wae p b a d y  due to large numbers of pole-sùed 



logsofdecayclasses 1 and2inrmmguistaads(Figtirts9aad 11). Whmlogsindecay 

c l a s s e s l a a d 2 ~ a e r a m v c d ~ t b e d y s i s d i a e w ~ s m d i f f e r e n c e i n t h e n m n b a  

(ANOVA: F=û.16; DF=1; M.69), vdtme (ANOVk F=û.80; -1; M.37). a man 

dccay class (ANOVk Fa. 17; DF=2; M.85) of logs betwem managed and unmamg& 

forest StandS. in addition, the kfmadom bawan the nmmkr of pieas of downed wood 

of each size and k y  ciass h logged and Unjoggad stands were aa signincant when 

do~woodydebrisofdecayclassesl a n d 2 w a s ~ e d ~ t h e a n a l ~ ( F i g u r e 9 :  

F=û.29; DF=2; kû.75; Figure 10: F1.45; DF= P=0.22)). Howeva, the rektioosbips 

baween the volume of do& woody debris of each 9zc and decay ciass mgme 9: 

F4.40; DF=2; M.67; Figure 10: F=3.13; D F =  P;O.OZ) not change Mth the 

removal of woody deùris in decay clases 1 and 2. W ~ t h  a few exceptions (le. saw-sued 

logs in decay ciass 5 axxi niaaire logs in decay classes 3 and 4)- tbee aras g e d y  a 

higher vohm of pole-, saw-, and mataxe-sized logs in unmanaged forest stands (Figure 

10). 



I f d  signifiant, ne- relationships b e e n  soi1 zdsîm and timt for boa 

managed (Fz7.3 1; DF=I; M.009; ?=O. 10) and unmenaged @=M. 1 1; DF=l; P=0.0004; 

?=0.17) fortst stands. RegrcsSons of soü moisaae wa time did no< di&r SBnificantly 

fkun linearity fa e i t k  managed (Test for Lineaniy: F=1.24, DF=12, 56F PAI.25) w 

mummgd @=1.32; DF=12, 56; O.lCkP<O.25) f m  stands The dopes of these 

regression equatims did no< di&r signiscantly nrmi one anodier (t=1.09; DF=136; 

0.1O<P<O.25), indicarllig oiat soil moiSnire cbxeasd at the same me over aie summer 

seasoa in both managed and unmanagd forest stands. However, the elevation of the 

regesion of soil moistun mer tirœ dB& Sflcantly between manageci and 

-ged forest stands (te3.56 DF=133; P<0.001). %il moistue was slightly, but 

ccmsistently higher in menaged forest stands relative to unmanaged forest stands over the 

aumna season (Figure 13). 

QUCEdrat Sunteys 

Quamat srweys comp1eted in 19% and 1997 revealed a total of 319 individual 

amphibians of 6 species pable 8), the majanty of which (77 percent) were Red-backed 

S a h œ d e n .  Repeared measure ANOVA andysis shows that thexe was no sigmnCant 

diffkrence in tbe abundance of artlphibiaos dctected in managed and unmanaged quaclrats 

(F=û.m, DF=l; W.66) surveyed in 1996 or 1997 (F4.001; DF=1; P4.98). Similar 

analysis also showed no significant ciiffance in the abundance of Red-backed 

Salamandas captmed in managed and unmanaged forest stands (F=0.37; DF=1; Pd.55) 

surveyed in 19% and 1997 (F=0.001; DF=1; W.97). 

The change in the abundance of amphibians &ected in quadrats of managed and 

unmana@ farest stands over the breeding season Md sigdicantly (F=2.32, D F 4 ,  

P=û.M); although amphibian abundance was not combtently higher in mmamged forest 

stands over the bReding season, it surpassed the abuadance of ampbibians found in 

managed fortst stands diaing thr: k t  and iast wceks of the txeeding season (Figure 14). 



However, the abuodance of Red-kked Satanianders did not change sigdkantiy between 

managed aad unmanaged farrst stands mer the breeding season (Figure 14: F-1.65; 

D F d .  P=0.17). 

Aposreriori power analyses showed that the power of qeaîed masirrt ANOVA tests 

to detect d i f f i  in the meaa nrmikr of Red-backed Sllerrenders in managed and 

u~ltaanaged forcst stands was unacapCabIy Iow. For an atpha d u e  of O. 10, and an effèa 

size of 0.05, power was equal to 0.14. Apximately 344 of each stand type wouid be 

necesary to daect a si@cant differienœ in the abundaace of Red-kked Salamanders 

with bodi alpha and be&i equal io 0.10. However, 1 had only a 32 percent chance of 

coinmithg a type II emn when teshg for d l f f e r e ~ ~ ' ~ ~  in the abundance of Red-backed 

Salamanders over the 5 weeks of the survey. In this case, 1 would only have to raise my 

sample size to 17 in d e r  to detea a 28 -nt dinereace in the abundance of breeding 

adds in managed, roadside and unmaoaged pools over the 5 weeks of the bneding season 

(alpha and hem both e q d  O. 10). Not siirpnsingly, stand type (0.2 percent), survey year 

(0.001 peicent) and the interaction betwcen stand type and week of the s m e y  (7.9 percent) 

accounfed for very linle of the obsaved in man number of Red-backed 

Salamanders deteaed in quaclrat srweys. nie majonty of variance was acco~l~lted for by 

the emir tems of the ANOVA mode1 (individual f<nest stards48.8 percent; the interaction 

between individuai farest stands with sirrvey week54.8 percent). 

Dr@ Fence Md Pi$i'oü Trap Surveys 

Drift fenœ and p i t u  aap arrays caught a total of 1,910 amphibians of scven species 

m e  9). Amxican Toads wmprised the majority of amphibiaos caught in the summer (97 

percent) and fall(54 percent) of 19%. as weil as in the spring (91 percent) of 1997, and 

were collsistently mne abundant in managed faest stands throughout each of these s w e y  

p e r i d .  Unfixtumwly, few indiviniial.c of otber species were M (Table 9), snalcing 

inteqm%ha of data for species other than the Amricaa T d  d g i e s s .  Repeand 



mcasure ANOVA analyses wat ax@eted for the ebundamr of ail amp$ibians, aod 

çeparacely for tht akmdance of Amricw Toads, ova each of the seasoas sunreyed. 

& c a o s c ~ c o m p r i s e d s u c h a ~ ~ 0 1 1 o f w a l a m p b i b i a n s ~ ~ ~ g h t , d t ~ o f  

these tano analyses weze quafiEah.tvc1y siniilar aad mt visibiy diEerent fnm each other when 

graphed, Therefm, d y  the results of the d y s i s  of Amaican Toad data aie presented 

below. 

niae was no sïgmricant dB- in tbe abumbce of American Toads baween 

managed or mmanaged forest stands in the s ~ n m  of 1996 (Repeated measure ANOVk 

F=1.2% DF=1; M.29). However, the abundance of Amxican Toads chaoged 

sigdhntly over the course of the sinmna season (Repeated measure ANOVA: F=2.50; 

DM; M.02). Although Atrrrican Toads wexe coosistently mne abmdant in managed 

forest stands, this difference was gmitest earIy in the surnmer (Figure 15). 'Iben were 

signiticantly mae American Toads in managed forest stands in both the fall of 19% 

(Repeased measine ANOVA: F=3.49; DF=l; M.10) and the sprhg of 1997 (Rcpeated 

masire ANOVA: F=6.05; DF=1; P4.04). in addition, the change in the akiadaace of 

toads over the breeding season differed sîgoificaotly for mmaged and unmanaged foresr 

stands in the fail of 1996 (Repeaad measure ANOVA F12.38; DF4; P=û.04) and the 

spring of 1997 (Repeared measme ANOVA: F=l.W; DF=fi; W.09). American Toack 

were mne abuadant in managed forest stands d y  in the fdi of 19% and throughout the 

m a . t y  of the spring s u w n  in 1997 (Figure 15). 

The chances of d t t i n g  a type II ermr when whing for differellces between the 

mean number of Amencan Toads caught in drift fenœ and pi- trap arrays in managed 

and iimnanaged fonsf stands wexe 5 pezceat &û.26). 85 percent (fXI.06) and 3 percent 

w . 3 2 )  for the siilmiier 1996, f d  1996 and spring 1997 field seasons, re~pectively 

(aipha=û.lO). Sample sizcs were akquafe to deteet dinérems in abundanct for both the 

summer 1996 and spring 1997 field seasow howeva, 1 wouid have needed to sainple 171 

managad and wimanaged forest stands in the fall of 19% in arder to daea a signifiaint 



dif ferenceintheabandanaofAmaicmT&in~d and unmnaged stands A 

-ri powa analyses show that power was equd to 0.64 w . 2 3 )  , 0.55 0 . 2 2 )  

and 0.62 0 . 2 4 )  far tests of Mererir;es in A m x h u  T d  abmdaocc over the simmia 

19%, fall 19% and spring 1997 samphg periods in mailaged and umnanaged forest 

stands. Sample &es q u i m i  m daar a si-t e&a for the intieraicéon of stand type 

and m e y  week were 16 (sunmier 19%). 23 (fa 1996) a d  19 (spring 1997) fore~r 

stands, mpxtiveIy. 

VarianceintheabundanceofAmncanToads was prmiarüyacamtedfor by varisace 

due to individuai forest stands (srmmia 1996: 45.7 percent; f a  19%: 14.5 percent spring 

1997: 15.7 percent), stasoaal variation in abuodamx (srmimer 19%: 24.6 percent; f2l 
. - .  

1996: 30.6 percent; spring 1997: 39.1 percent), and the interaction of variance in iodrnchiai 

forest stands over h ( s u m m r  19%: 17.3 pezxxac faii 19%: 49.4 percen~ spring 1997: 

29.0 percent). A very smaii perantage of the total variame was accounted fot by stand 

type (!wrnmer 19%: 6.9 percent faU 19%: 0.4 purent; spring 1997: 10.3 patent) or the 

interaction of d type mer tim (sunmier 1996: 5.5 percent; fa11 19%: 5.1 pacen~ 

spring 1997: 5.9 -nt). 

Anphibian-Habùat Relntinm@s 

Red-bacired Salaman& abundance was sigdcantly negatively amdamci with m p y  

cova and number of picces of d o d  woody debris, and positively amekd  with t& 

area of grotind covered by leaf litter (F4.46, DF=3, M.02; y = 6.734 - 0.138 x, - 0.624 

x, + 0.124 x,; 3 = 0.45). Partial anelation coefficients for alt o h  variables used P 

clwac&&e fofest floor habitat were not sigdhntly different h m  zero. This miltiple 

cumlation acoounted for 45 percent of the variation in Red-bâcked Salamander abundance. 

Red-backed Salamanda abundance was not sipificanly wrreIatPri with e i k  soil 

tcmpeninne or soiï moisaire O V ~  tim (F4.77; D-3; W.52). 



regresrioa adysis yielded a signifiant, mqptive relatioaship b e e n  tuad akinieoce and 

area of open ground (F=7.28, DF=l, W.O1; y = 1.447 - 0.021 x; 8 = 0.29). In other 

words, the abundance of Toads was positively associated with the density of 

mkmtaq vegetation. The abudance of Amcrmn Toads was also sigdïcandy and 

positively &ateci to bom soil tempaaaac and soil moisape over tim (F45.08, DF=2, 

P=O.0001; y = 0.124 x, + 0.019 3- 0.927; ?= 0.31). 'Ibis Lnujtipie regression aammted 

forabout31 percentofthevariationin AmncanToedabmdance. 

Discussion 

S e W m  loggllig did alter managed shade-mlerant hardwood f i  habitat in severai of 

the pndicted ways. Although rhem aras no Merience in the a r a  of grwnd wvered by leaf 

Iitter, rock, or ~ ~ ~ E W K Y  vegetatim between managecl and unmana@ stands, 1 did fïnd 

that more of the ground area in maoaged stands was covered by downed woody debris due 

ta die large amwnts of sIash l a t  by loggers (personal observation). ui arldition, 

unmanaged forest stands had Sgmacantly mae canopy wver and, co~l~e~uently, diac 

weremare~vesintheleafliaaofmmamged foresf stands relative to ~goaged foresi 

stands- A thofougb examination of the number of picas, Sze and decay classes of downed 

woody debris suggested that &ere wat fewer, hger pieces of o f l y  to weli decayed 

downed woody &bris in iinmnnnw idative m managad ~OIGSC stands. F d y ,  and 

amtrary to m y  initial predicaous, relationships between soi( moiSarre and temperature ova 

time wtxe qpdhively c i i f f i t  baw&n inaoagml and forest stands. Wh& 

tempaanne increased liaeariy o v a  time in mamgai forest SrandS. reaching 16 'C by b e  

ead of Augus, it tended to level off at imiund 14 'C in mid t~ late July in f ~ r e ~ t  





Rcd-kked  Sakmandas in either maq@ or tmmanaged faest stands, sinœ the axea of 

gn>undcovcndùyleaflitterdidnot~eraccording<odtype. 

The coafosing nanirt of the d t s  of this multiple regression aurwt ahpte iy  bc 

e x p W  by conelations between habitat variables. The cOcfelation for haatat 

variables suggests thaf patent auiopy mer is posrively associated with tht dexay class of 

downed woody W s ,  pezcent lias cover, and the number of laves in the leaf liaer. 

These associationr make intuitive sense, excep mat one would expea a positive 

rehkmship between damader aboodana, percent leaf liaa COVeTv and percent 

cova. The nmber of pieces of d o 4  woody debris is weakly, but DegatRrdy c m e h d  

with w t  caqy cova (suggdng again diat t he  are fewn pias of downed woody 

debris in mmanaged forest stands). A m g  relatioasiiip betweem salamaada abundance 

and the namba of pieces of downed woody debris, as apposed a> carsopy wver. might 

fonx a negative relatiOIlShip between s a h a d e r  abundance and canopy cuver. 1 conmtctcd 

p s t  hoc, simple lineiP regressims to examine the reIatiooships of tbe abundance of Red- 

backed Sa- canopy mer, and the number of pieces of domeci woody debris, 

but foiind no signifiant relaaEwships; nevertheles, the naumba of pieces of downed 

woody debris did account for a much hi* proPomon of the variation in sakimader 

abuisdaace than did percent -y m e r  (Red-backed Salsmanrkrr; and percent canopy 

cover. ~=4.03-', DF=l, M.99. ?=2.244; Red-badred Salaman- and number of pieces 

of downed woody debris: F=1.79. DF=1, P=û92û, ?=0.09). 

The ambiguous nature of the relaaioaships betwcui these char;acteristics of hardwood 

forwt habitat and rÿiiamanria abundance in xmmagd and unmanaged f m  stands could be 

interpseted as eMdence f a  a true la& of e f f e  ûnce again, seledon logging may alta 

anain~ofMwOOdforrst~butnottodie~thatloggingaegativdy 

affectssahmderabundance.Ind#bvariaaainolirmranririrabuadaaœwas~y 

due to variatioo in individual forcst stands, mght+night vraiaton, and variatioa m 

individual stands over time. in artnition, tbe a b u d u x  of Red-kked SaIamanders was 



not rebxi to s d  tempaaaae or moi-, despite clear, quantihble dBereaas in these 

soil &m%zktics between managed and ummaged forcst stands. However, it is also 

possible diat my m e y  mediods were not thorough enough to deect suMe Merences in 

salamaader abiiadance that wae  due to stand type- 

Iat argument for a treatmmt effect invohres the knowledge that salamanéas depemi ou 

the avahkility of moist microhabltiits, and the predictioa that sdection logging will cause 

Caa site conditions, with hi* soil mqeamm, lower soii moismes and fewer, but 

larga pieces of weLl decayed downed woody debris. 1 assumed that Rcbbacked 

Salamandas w& be equally accessible daring siweys of the leaf lima in both managai 

and mmamged forest stands. Salamanders are noctunial, and nocturnal, m-destruCaVe 

suweys of surface activity have been successfully used by others to exsrnine the 

abindances of Red-backed S-ders (Burton and Likens 1975a; Pough a d 1987). 

Althoogh it is not hown whether surface populations of salamandm are c~nelated with 

total population sIes (Test and Binghaxn 1948), it is ge&y a s d  that siirface 

populatioas are representative of the totai numbez of salamandas in the area (Hairstou 

2980, 1986). 

This laae assumption may have been unwarranteci. Positive aSSOciations baween 

terrestrial salanianders and large, mderateiy to weii daayed downed woody debris have 

been observeci by &ers (HeatwoIe 1%2; PcaanLa et aï. 1994). Assuming that this 

relationship (as opposed to relationships between ralamanrirr abundance ami canopy cover 

or pacent leaf litter cover) is most bioiogically relevant, 1 shouid expect to find more Red- 

backed Salamaders inside the larger, moderateiy to well decayed logs in the mmamged 

forest stands. and fewer salamanders inside the W e r ,  las weiI decayed logs of the 

managed faest stands. If so, then I may have biased m y  results, because 1 did not rip logs 

a p t  to search for sahmmkn that may have ban inside them. Und more r i g m s  

~a~npling has been completed, 1 cannot say coociusively mat a aeahiieat e f k t  does not 

exist However, the small  effact sizes observe4 in c o n . t i o n  with the low proportion of 



Ameràm T d  

The abrudance of Amzkan Toads was positively related to the presence of undastory. 

This relation&@ has been fouad by others (Pais et ui. 1988; Wyman 1988). But given that 

rmdastary densify did no& dafa si-tly bawem xmnaged d llMmaged f- 

stands, ciifferences in the abmdance of Arnerïcan Toads oumot be attnbuted to stand type. 

Oiher habitat relatioaships were simüarly ambiguous. 'Lhe abundance of American T h  

was positively relared to both d tanperatiire and moisture, but whik soil tempaaain 

increased as the season progressed, soil wisture decnased wer time. These relationships 

wouM lead one to pedia either higher or lowa abundances of Amaican TaadS. 

respectively, lara ia the season. For these reasons, 1 suggest that selectim logging does 

not affect the abnndance of American Toads by causing changes in undemory vegetation 

density, or changes in the soil tempeniture aod misture regimes in managed fonst stands. 

I found more Armrican T e  in managed forest stands than in unmanqed fmst 

stands in both the fa 19% and spring 1997 sweys using drift f em and phfall 

a w y s  Although a gr*ita propartion of the total variance in Amaican Toad abundance 

wasreiatedtostandtypethanwas theaise for any oiber speciesorwith anyothersrwey 

method, much of the variance in toad abundance could be ataributed to VaTiatim within a 

season and wuhion between individuai farest stands. M c a n  T '  were more 

abundant in ~nanaged forest stands eariy in the sunnner and later in the spriag seasoos. In 

both the sunnner of 19% and the spring of 1997, toed abundance was highest in managed 

forest stands betwem the end of June thn,ugh the btginmng of July (Figure 15). This is 

the time when the nrajarity of newly metamsrphoseci juvenils w a e  seen dispemng ovu 

land @asonal observation), and by far the majanty of toads captmd in pirfall aeps wen 



GENERAL DISCUSSION 

Of the few studies that have exarnined the effects of timba management on amphibians 

in upland shade-tolaant hardwood forests of mdmstem Nonh Amaica (Ash 1988; 

Bonin 1991; DeGraaf and Y d  1992; Petranka et d. 1993, 1994; Pough et ui. 1987). 

aii have focused specificaily on the responses of tarestriai salamirnrlers aad one @es of 

newt in the geneza Pletttodon. DesmogItathL(S, Ewycea and Notophthalmtrr to clearcutthg, 

(deMaynader and Hunta 1995). This particula. p u p  of amphibians is suspected to be die 

most sensitive to disturbances that alta the availabilty and acœssibility of moist 

mimahabitats such as downed, decaying logs, leaf litîer, and underground root systems. 

However, other amphibians such as the Yellow-spotted Salamander, American Toad, 

Spring Peepa and Wood h g  are also c o m a  in upland forest areas @eGraaf and Rudis 

199Q Waner 1975), and they. tm rely on this habitat for siirvival and reproduction, This 

mearch was conducted in an effm to add to current knowledge of amphibian responses to 

timkr management W~th it, 1 addressed som of the issues emphasized by deMaynadiex 

and Hunter (1995). In particular, I fmsed on the responses of upland hardwood forcsi 

communi,ties of amphibians, and more specincaiiy, the Amxican Tmd, Spring Peeper, 

Wood Frog and Red-kked Salamander, m selectioa logging, a partial management 

strategy implemented in the northern hardwood forests of northeasîem North Amdca. 



Experimeatai Design 

Critiques of biologists' approeches to, as weli as cmduct anci interpietation of 

ecological expexhents are widcspread @rew 1994; Hairstoa 1989; Hinlben 19W. Krebs 

1991; Peters 1991; Plaa 1%4). Two of the indÏvidual ccmcems pertinent to Snmcfies of 

amphibian d o g y  and cmsemati011 biology. and relevant O this research, &lude: (1) 

inmpretation of the resuits of m e d v e  versus manipulative experhmts, and the lack of 

-nt data for meIlSlPative research (deMaynadier and Hunter 1995; Drew 1%; 

Krebs 1991); and (2) power and the relative costs of type I versus type II cmns (Cohen 

1988; deMaynadier and Hunter 1995; Rced and Bknstein 1995; SimberioE 1990). I 

discuss these issues as they relate specifidy m this ~csearch in the spirits of Toft (1990). 

Simbaloff (1990). and Cohen (1988). who acknowledge that siatistics is but one of rhe 

tools used by ecdogists to intapret resuln of ecological expiments and evaluate the 

'Truth" of scientfic hypotheses. 

Conqmradve Mewattive Q m h e n t s  

By far the rnajority of snidies investigating the &ects of tixnber managemnt at the 

organisn or ecosystem level art f d  to use camparative mensurative experimcnts, as 

defined by Hinibert (1984) (e.g. this study. Peaanlra et ai. 1993.1994; Pough et d. 198'7; 

but see Schmiegelow and Haiinon 1993; Schmiegelow et al. 1997). nie SeenengIy 

obligatmy nature of the mensurative, as opposed to the manipulative approach, d t s  

primarily h m  the lack of virgin, forests a, use as mie coamls (deMaynadier and 

Hunter 1995; Riley and Mdn 1994). in conjutlction witb the diffidty of arranging 

woperation between researçhers and timbcr managemxnt organizatims on the neoessary 

spatial (e.g. numba and size of npliaitcs and conmls) and tempoml (e.g. the ~lativeiy 

short duration of graduate degrees WOT fundiag agreements) scales ( d e M a .  and 

Hunter 1995). Pahaps the most important hr tambg  of diis approach co~ans 

biologists' inability to determine cooclusively. and to the exclusion of aii possi'ble akmate , 



hypotbeses tbat dwxved diffizeryjes ait due to a mament effea; that is, that logging and 

not some otha preexisaing cnviroamental gradient or chance event (Xdôert 1984) 

signif~cantly. positive1y or negativeIy, affects the organism or system iilwla stuciy (Drew 

1994, Platt 1964). 

In the specific case of the investigation of the &ects of timber management oa 

atllpbibians. the only practral solution offered by &Mayaaciier and Hunm (1995) involves 

the rigomus matchhg of cmtroi (Le. second p w t h  fareats) and tmament (Le. logged) 

study sites. Extaisive laiowkdge of "pmmmmt" conditions; that is, drat c ~ ~ t r o l  and 

study sites are aWEe in al l  aspects (e.g. ciinme, elevation, topography, florai and faunal 

cmnmunity ampositions) except matmmt (Le. logged versus unlogged). should enaMe 

researchas to detennine, based cm d t s  of their comparative ivemensilrative experiments. 

whedia or not it is the treamnt t h  is rcsponsiMe for obsenred Merences in the 

abundaooe of the species or assemblage of amplubians in question. However, no two sites 

axe ever exactly the same, nor cm they be expected to rernriin identical prior to, during, and 

afm the masurative expairnent has been completed (Haimon 1989: Huribert 1984). 

'LhaM lies the mb. Corre1ation does not imply causation, but comlation is the oaly thing 

that compamive mensurative eItpaiments can dtmonsaate, and a compararive mensurative 

expeximental design is oflm the oniy option. 

The mie @lem here is me of unsubstantiated confidence in the results of a 

mensurative expaimnt, and the ust of those results to make conclusive. causative 

sfatements about treatmnt effecû. 1 have demonsuami above that the managed and 

unmanageci stands used in this saidy are aOEc in many aspects; namly, distrnbaoce history 

prior to the iniplemntatm of selection logging in managed stands, physiography, climue 

a d  forest compositio~~. 1 use this infQemati011 to suggest that observed differences in 

amphibian habiw diversity and abindance can d y  be the nsdt of selection logging. 1 

naüzt, however, diat it should be the prionty of fuMt research to conduct manipularive 

expahents to validate these resdts (to the extau possible; see Hairston 1989), as weli as 



Power Andysis 

The paaitial of power analysis in scientific re~earch of many, and perhaps all 

disciplines has long beai ignored Instcad, emphasis has been piaœd on the -cal 

Sgdkance (Le. alpha, orpnhûility of cOQatgtting a type 1 amr) of the result and away 

h m  thc size of the cffea being pwued (Cohea 1988). The efEect of this emphass has 

been to elevatt the status of the 0.05 alpha Ievel of Sgnincance h m  a useful, informative 

convention to a blindly accepte& abso1ute criterion, and to confnse the importance of 

detecting type 1 versus type II arrns (Cohen 1988; Simberloff 199Q Toft 1990). Recently, 

the relative wsts of these two types of statistical emxs have been the subject of much 

discussion, especially in consmation biology, where the cosa of failing to reject a false 

nuil hypothesis (type II aror) o h  fa. outweigh the cosa of mjezhg a mie nul1 

hypothesis (type I aror) (deMaynadier and Hiinm 1995; Taylor and GerrOdette 1993). 

Power, the complernent of beta (Le. the probability of committing a type II earor), is the 

pbability t h  a SMtiSticaI test wiil yield signiticant results (Cohen 1988). Resuits of 

literature surveys show that power in som fields, such as abnormal psychology, ranges 

ficm 37-50 percent at the 0.05 level of signincance (Cohen 1988). This record is no betia 

for studies of amphibian ecology. in which power has been found to range from 6-45 

v a t  at the 0.05 level of signjficance ( R d  and Bkustnn 1995). AU thiags bang e q d ,  

this mains that researcfiers an implicitly acoeptmg the fan that they have baween a one in 

twenty to a cme in two c b a m  of deceujng a sipnincant difference if, indeed ttmt is one, 

ami thaî the pPobability of failiag to rejea a false null hypoihesis ranges from S 9 4  

pexicent 

Conventionally, ''ffailrirc to Mn is les serious an e m  than ''findiug something tbat's 

not the& (Cohen 1988) andresearchers have nghtly focused k i r  attention on mninniang 



alpha Howevcr, this m e n t i o n  can bc dangaws when the &ts of research aie used PO 

make management mxmmmbiolls cr pdry dccisiws (Taylor and Garodaie 1993). The 

d t s  of my imnstigetiau of the &ects of seledm loggiag on anipbibian diversity and 

abundanx conLl very easiiy be us#i to Ra>annend the main- of currentiy 

impkmatad selectioa loggiag pmtcmI. From an ecdogical viewpoht, the aist of net 

finding a (negative) &ect whem that aca>ally is one is @te bigh, if it resuits in the los of 

ampbibian divefsity and/- the local ntinctim of amphibian populations throughoiit 

AlgOnqmn Pa& and otha sharle!-folerant hardwood arms mmaged using selection logging 

(cf. Petranka a al. 1993). But f b m  an armomic vie+& the cost of finding an 

(mgative) &'kt when it doesn't exist is high if thip d t s  in lower quotas, incnased 

rotation tim, or otherwise deneasts the amwmt of money gained firom tllaber harvest. In 

~sc~itmddbeargubdtbattypeIaodtypeIIemffsareat leastequal lycost ly~ 

both ecunomic and ecoiogical viewpoints (see Simberioff 1990). and beta should be 
. . .  

imnmnzed at the expense of small increases in aipha (Cohen 1988; deMaynacher a d  

Hunter 1995; Schmiegeiow et al. 1997; Welsh and Lind 1995). 

Power can be increased by increasing sample size, decreasing the variability of the data, 

incmuhg alpha, an- incnasing the desired size. Sample size, alpha and beta 

should be set by the re~earcher a priori, with an undersmcting of the effect size one wishes 

to detect, anci the relative costs of type 1 versus type II c m ~ s  (Cohen 1988). U s d y ,  

hwledge of efféa sizes are based on estimates made nwi the litaanirt, and reqrcqimed 

sample sizes can be de- for set values of aipha and b e a ~  Because no previous 

studies had been completed on the effects of partial hmests  on amphibians. it was 

impossible a> estirriatP. the effm size, f, aad 1 assumed that the &kt s k  wouid be much 

Iowa far selectim logging than far clearcutting. In an anempt to inaease the power of my 

tests and ckrease beta, 1 uscd as large a sample size as was practidy possible, used 

reptmed wasu~es of amphibn abundance in an attempt to decrease the v M t y  of these 

measms, and used a moderahe alpha value of 0.10. Despite these attempts, my chances of 



Hardwood Forest Habitat 

R d t s  of this reçcarch suggest that selection iogging does afféct shade-tolerant 

hardwood f w t  habitat in two important ways Fifft, slash piles consisting of tbe m w n s  

and other small branches of trees left by logging mver a gnata arca of grotmd in nianaged 

farest stands dian d m e d  w d y  debris (eitkr single logs or whole windb10wn trees) in 

umnanagad forest stands- The high number of pole bgs in decay classes 1 and 2 acmunted 

for many anomalies observed in the compstnsons of tht average decay class, nnmber of 

pieces and average volum of downed woody dcbns baweai mamgxi d unrrranaged 

forest stands. Removal of these logs h m  the analysis allowed a cl- amparkm of the 

Merences in the availahility of downed woody &bris in dezay classes 3 to 5 wialln 

~~litnaged and unmanaged forest stands; mat is, a mqmism of the types of downed 

woody & K s  most often used by amphibiaas for refuge, f m g  Wor nproducticm 

(Heatwole 1962; Petranka et al. 1994). 1 found that diae was no significant dinaenct m 

the number of pieces, mean decay class, or volume of downed woody debris baaiaca 

managed and utlllliinaged forest stands. Howeva, e m m b h n  of thc intadctioa of stand 

type, decay class anà size class tevealed that 0ved.L there was a grtata volume of downed 

woody dcbns of decay classes 3 to 5 in unrrianaped stands than in managed farest stands. 

Flirtha comp&sotls showed that discnpaocies between the two staad types in tbe number 

of pieces d vdume of downed woody debris in a @en skie aad -y c h  were often 





nlatioashipofminEumpooitempsa~t mer time is ünear in roedside cphaneral pods, 

it is a CU& relation&@ in both manageci and unmanaged ephemaal pods mer the s p ~ g  

and srimmerseasons. 

Comparisons of the above amibutes of hardwd forest habitat were made 2-3 years 

after fortst stands had ken logged, and a minimum of (but most likely as gnat as 

60) years a f m  dismrbance for unmanagexi habi~t.  What is na clear at this point is the tim 

neœssary fa canopy wver, soil rrmkme, leaf litter, and downed wwdy debris in pamally 

harvested sbdeaolerant h a z d w d  faest stands to ''nmvrecover" to those leveis of unmanaged 

stands. Stands managed under selection logging are rnanaged m a 20 to 30 year rotation. 

As such, the managed forest stands included in this study have been logged at least twice. 

Recovery paiods longer than 2û yean may mean that hardwood forest habitat in logged 

stands will continue to degrade over tirne. On the o t k r  hanci, recovery less than 20 

y- man that the selection logging pmcess is mily sustainable, as far as can be 

detenrrined. 

The relationships between a srand's management age, d o n  tirne and habitat "quality" 

are imponant, Shon rotath times have a much greatex effect m the composition and 

dymmks of the forcst flmr microhabitat than does hawes~g intensity (Aber et d. 1978). 

Amphihians, esp5a.ü~ temsaial salmders, rely u p  the aspects of shaàe-tolerant 

hmlwood forest habitat that differed sigdcantly between m g e d  and unmmaged forest 

stands. But with the exception of American Toads, 1 found no significant diffkreoces in the 

div&ty or abundance of q h i b i a n s  berneen managexi and unmanaged forcst stands at 

any stage in tbeir H e  cycle, suggesting rhat seiection Iogging does no< aiter hardwood 

fc~cst  habitat to the degree tbaf this rype of slviculaae negatively affects amphibian 

diversity and abundance. This could change with time, however, if 1-g continues to 

degrade those aspects of farest habitat on which amphiam depend Bormann and Likens 

(1979, as cited in Hughes and Fahey 1994) suggest that IW#them hardwood forest stands 

disturbed by hurricanes or forest harvest recover afta a p p f o ~ l y  3û years, the mon 



Amphibim Diversity md Abmidane  

PeWnLa er al. (1993,1994) have pvided the mly estmÿues of anrpbibian diversity in 

clamas hardwd forests of *istan Nonb Amara They foand that the divasity of 

danm&xs wittiin the gaiaa P l M n  and DemmgMthus was sigmficaatiy lowa in 

cl- than in recently imdisairbed hardwood fore~a of& southem Appakhbm ai both 

high and low elev&ms, respectively. Diversity increased with inacaSing age of the staads 

sampled, and reacbed a maximum in stands 50-70 yarrs old at high elevations ( h m h  a 

al. 1993),andam;uUm\nninstands 1 2 û - 0 0  yearsddatlowerelemions (Pcsdnkaad. 

1994). No old p w t h  (Le. virgin) forests were included in theh studies, so it is irnhK,wn 

whetkr divasity would continue a> increase with  fores^ okiez rhaa those included in tifba 

of their SÈcdies. A Smilar phenornenon has been obsaved for the abundaace of amphibian 

popdations in nonhern hardwood forests Bonin (1991)- PuranLa etai. (1993,1994), and 

Pou& et al. (1987) suggest diat amphibian popiilnticms Iiecover nOm clearaittmg in 

wrthan hardwood fores6 that have ~e&~hed  aga of 30-60- 60-120. and 60 yean, 

respective1 y. 

Some have âdvaaced the hypothesis that it is mt the age of forest stands thmseves 

that is positively amelated with amphibh abrmdaacc and div~ty, but the m ï c d d h ~  

asa&ed with oide? forests (welsh 1990). comxkme 
. . of aniptu- papuktioa 

rec~veaywithdiefuncaodrec~~ery~fwthanbardWOOdforest~niicrdi~~tfit 



60 year mark (Aber et d 1978; CoMagton 1981; Fedezer 1984) seems to lend support to 

this hypothesis. Wœk by ktranlor et d. (1994) that rdates the ncwery of tmestd 

salrrmaadasmtherec~veryoflar~piecesofQwnedwdydebrisdiat~mocàaatelym 

well decayed aiso supports this line of reasoning. It seans plausible, then, that selectim 

logging, which mahmins som structural integrity of hardwood forest stands. and 

maintains them at about an age of 1%) years, might have negiigiMe effkcts on ampbibian 

diversify andabundance. 

Amncan Toads were sigdicantly more abmdant in managed forest stands, both as 

breading ad& and as dispersing jwdes caught in drift fence and pitfd trap surveys. 

But aside noni differetlce~ in toad zhdame, 1 muld find no difféml~ces in the divetsity or 

abimiance of breading aduits, egg masses or larval amphibians, either as a grwp or oa a 

species-by-species basis, in managed vernis mmanaged fonst stands. Results of 

amphibian-habitat rehionship analyses suggest that seleaion logging does not dkct 

shade-tolerant hardwood forest habitat to the degree that o h e d  differences in habitat 

4cqdity" causally affect amphibian abundance. Although power was often low, 1 

concloded diat the low effect sizes, and the low proportion of variance aaxmted for by 

stand or pool type p l u & d  the conclusion diat selecsion logging aEects aniphitsian 

divenity and abundance- Even tfiough this conciusion may be warranteù, then remaUis die 

pwibi l i f~  of a type II am, that is, the wrungful conclusion of no effect 

'Lhe costs and bemfits of conducting mensurative vasus manipulative elrperimnts on a 

scale as large as this have been discussed. But just because such a large scale manipiIlstive 

experimnt is absolutely not feaSibIe in many cases, does not man that odia aveaues of 

investigation do not exkt 1 investigated the effects of selection logging on the diversity a d  

alrmdance of amphibians, assuming that any negative effécts of setectim logging oa 

hardwood forest habitat would, in effcct, crcate "sini? habitas for amphibians, and that 

this wouid naoslatc M y  into l o w d  amphibian abundance. However, it is theuretically 

possible fa shk habitats to suppon large popdathils of arganisms (Rillias 1988). If 



thereisactbedispersal nOmnearbysocmrhaatats, whexe tkavailabilityof highquaiity 

imxdhg habitat is lbüted, but fiaess is high. then smplus individuals that activcly select 

suimble habitats (e.g. jweniles or l es  competitive idividuals) must p elsewhere to biieed. 

Continuous replenishing of sinL habitats with surplus indivinrials from souxe habitats can 

maintain snL populations of individuais, in which birrh rates (Le. reproductive success) are 

lower than marrality rates (Pdlîiim 1988). 

Selectim loggllig may aea~e si& habitat, and the nearby umnanagod forcst stands (or 

farest stands &g the end of tbm raatioa cycle), source habitat. In this case. sehtim 

logghg may not appear to af!fbct the abmdance of amphrbians in manageci forest stands. 

Further research is ne& a, imrestigate amphibian rmvements both between and widiin 

managed and mmanaged forest stands and to demmine whetber timber rnanagaamt 

protocoIs associated with partid ha~~ests  such as se ldon logging affkct the reproductive 

success of terresarial amphibians, as weU as fdltative or OrOgate uuscis of ephemeel 

beeding pools and pemgaeat ponds. This researcb shodd inPally take the fomi of a 

manipulative experhnent, and results of power analyses conducted here should be used 

when estimatiug aprion effect s k s  and seming sampIe sizes, and alpha and beta 

Management Conside rations 

Studies of the effeas of clearcutting on amphibian diversity d abundance in both 

deciduous and coniferous forests have f o d  that this type of tim&r harvest negatively 

affects a m p h i b  populirtions (deMaynadier and H u m  1995). Researchers have attributed 

diffmmux in diversity, abundance, and/- s&vorship solely to logging itseif (Raymond 

and Hardy 1991). kit u d y  also atkmpt to demniine sotne mechanism bebind these 

declines with the hopes of making axstructive re~~l~l~lfeoda&ions for f a s t  management 

plans, or timbtr h i e s t  protocois. For ex8tllpie. Petranka et al. (1993. 1994) examine the 

relationship of staod age and amphibitin diversity and abundance. Upon fiding that 

tenestrial sahmder  populatinns appear ta recover between 60-120 years afrPr 



cleanmtfing, they rrammvnd bngerroraton cycles, the establishment O€ oid-growth foiiwt 

rieseaves (i.e. no cut m e s ) ,  mahîumœ of M e r  zaies aruund headwater streams and 

seepages,andtheuseofinnwatMharvestmaiodsthat ieave the basic stmaure of the 

foiest in- (pctranira a ui. 1994). POP& a al. (19û7) examine the effects of various 

hrarffting gaiotocok on Red-backed Salamandas and Eastan Red-spated Newts and a h  

nmmme&, rn a minimom, the R#intemmœ of sigmfican~ rep.esencative areas of forest 

~~fomisofd i s t tnbaace , so thathoata tk~edfor t i io sespec ie s tbatdepend  

upan OH-growth forest fm swivaL Sbih ly ,  Welsh and Liod (1995) raDnnnend the 

psotsctioll of M e r  strips around aU aqoattc habitats, as well as the maintenance of a 

&dent nmnber of forested areas with appropriate microhabitats between drainages 00 

aibw for gene flow and the repopùation of Del Norte Salamandm into harvested areas. 

As a final example, Dupais et d. (1995) remmrmad that fofesters maintain an even 

distribution of logs and snags as stable, moist microhabitats, ntain som understory as a 

source of shade, presave srreamsde M e r s  and ensure some degree of laodscape 

#vity to enable climate-sensitive species to dispffe and recoloh marginal habitats. 

Altbough the above recamniendations aze na m n g ,  Urey are not as practically usefui 

as they wuld be. Managenient rec~mmenAatK,ns mnst be quantifieci before thcy aui be 

implemented. For example: how long should rotation cycles be; how wiàe should burin 

snips be, should many small, a a few large old-pwth forest 6ragments be maïnEained as 

no-mt zones; are the basic s t n v P w l  components of a forest necessarily equally importaat 

P al2 major groups of -aial vertehates; a d  what s k  and density of downed logs an 

necessary to provide suffiCient habitat for esianiaiuias in cIearcut forests, if this is at all 

possible? In orda to effectvely, efficiently exploit timba as a renewable resornce, we 

must corn a, a ~ h a n i s t i c  understandhg of how ai l  methais of hbez hamst 

forest habitat, what naanal recovovery mchanisms exist within particular forest types, and a 

what rates they occur (Mens et al. 1978). In addition, we must be able to quantify and 

coac~usively demonstrate cause and &kct relaticmships betwccn timba mmqpmm 



smtegies usad in al l  forest types and dieir eff6cts on various wüdlife @es, using tk 

results of m g  inference and manipnlarive ncperimats (Htxibat 1984, Plao 1964). Until 

we have achieved this degne of mechamsac undemaadui * .  
g, wen the w>st amstNCtive1y 

made nxomnip.ndations d l  net be spedic aiongh. or mmrSicing enough, to be 

impIemented by foresras Although the fociis of gwernment d fbmmy compaiiies lnay 

slowly be cbaoging to haqm& e a h g h d  interests m>re and mire o h ,  decisions 

involving changes to timbcr hrimsting p.oaocols are made primarily on an ecmomic basis. 

If bidogists aspire to id- -vt changes to timba management protocols, thcn 

we mua qusntify these changes b a d  on scientifidy sound Nidence of cause and effm 

W e  must be abk to convince govanmnts and forestry cOmpanies tbat the cut in shmt-tam 

economic gains mans the iwease in long-term iwesbnients in a renewable mince. 

1 have concluded that 1 cannot daea negative of selection logging on the 

diversity or ab- of amphibians inhabithg the shade-tolerant hardwood forestî of 

norai eastem North Arnexica. This conclusion does not, as yet, warrant the unsuaiified 

endozsement of selection logging as a sustainable timber management strategy, but it also 

does mt warrant the proposition of any commaive changes to selection logguig protoc01 

as it is currentiy implemented in nonheni hardwood forests. A go& deal of researçh must 

be co~llpleted in order to validate these results, More any nianagement recammendations 

can be made in a useful, quantifiable and definitive manner. Fnst of all, an investigation of 

the e&ca of selection logging on Red-backed Salaniaoder populations should be repeared 

in an unbiased manner accdhg  to rec~mmendations made above, in order to detemnrie 

conclusively whetha selection logging affm Red-backed S- in a negative way. 

In addition, future rescarch should focus on the investigation of managed aed unniaaaged 

forests as eitha source or sînk habitats for aoiphibians eccording to Pulliarn's (1988) 

d e i .  By investigating movements of immigmhg and ernigrating amghibians (-y 

dispasing Menile Amaicaa Toads) between managed aïxi unrriiuraged arcas, as weii as 

the reproductive success of those individuals inhabithg maaaged ami unmanaged fonst 



stands mm effectively than owld be &me here, bwledge of whether aod how seleaion 

loggiog a&as mpbibian popilatioas sholild bemme evident, and fafiürate amsbpctive 

reoaaimendations for ihe maintaiarace of, or changes to currently implenieat selectioa 

loggingpractices. 

SUMMARY 

Despite amphibians' widely acknowledged impcirtance in terrestrial forest ecosystems, 

they are m l y  included in forest management plans. The impact on these organisnis by 

forest mmîganait aictivities is m l y  acknowledged, or cven considered, in part becanse 

vesy litde is known about the effeas of7 or amphibian rwponse to, timkr management. 

Recent studies show that cluiraitring in both deciduous and cunifmus ftmsts results in 

lowend amphibian diversity, a k u d a a a  and sUTVivomhip. but to date, no studies have 

ken completed on the effccts of partial harvests, In order to detaniiae whether, and if so, 

by what mchanism, seldon logging affkxxs amphibians in shade-tolaant hardwood 

forests, 1 compared amphibian habitat wnciirrently with amphibian diversity and 

abundaace in loggai and unlogged forest stands in Algon~uin hvincial  Park, Ontario- 

Selection logging sigmficantiy altered aspects of shadc-tolcnuit hardwood forcst - 
on which amphibians are hown to &pend, Among othr things, logging decnased the 

number of le8ves in the leaf l i e  resuited in fewer? larger? modemely to well decayed 

pieces of downed woody debris; and si@cantly ait& soi1 m o i s m e  and temperaanc 

relationships in managed relative a> unmanageci f m t  stanrls- However, with the exception 

of Ameaican T&. tbat were cooSstently mae abundant in managed forest stands. the 

diversity and abundance of amphibians fin parti&, adult Red-backed Salamanners and 

aii observable üfe stages of Spring Peeptzs, Wood h g s  and Green Frogs) did not ciiffer 
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Table 1. Characteristics of forest stands under study. Those stand numbers with p~iefixes SLR-, MLR- or H60- rn locatad in the 
Sunday Lekc Road, Menin Lake Road and Highway 60 oomdor anas of Algonquin Phvincial park, respectively. SLR end MLR sites 
were logged in 1993-1994 and 19941995, respectively. H60 fonst stands have been left undisnubed for at least 40-50 ycara. 

Stand Number' Year UTM Elevation Stand A E ~  Mean Tree Mean TM Tite Species Composition3 
Surveyed  NAD^^)' (m ad) (ha) Age (Y) Height (m) 

SLR-1453 (A) 
SU-1844 (B) 
SLR-2852 (C) 
SLR-2737 (D) 
SLR-3943 (E) 
MLR-3157 (F) 
MLR-0559 (O) 
MLR-2287 (H) 
MLR-3489 (1) 
MLR-2689 (J) 

I H60-2193 (e) 

Ha-9684 (b) 1996 
H60-9674 (a) 1996 
H60-6701 (0 1997 
HM-6788 (g) 1997 
H60-8769 (h) 1997 
H60-7079 (i) 1997 
H60-8174 (i) 1997 

17, Bel, Byl, Hel 
9, By 1, Hel 
18, Be2 
17, Bel, He2 
17, Bel, Byl, BI 
19, Hel 
17. Bel, Byl, h l  
16. Be2, Byl, B t 
hl0 
n8, Byl, B1 
h8, Be2 
h6, Be2, By 1, He 1 
h8, Bel, Msl 
h9, Be1 
h6, Bel, Byl, Msl, Hel 
hg, By 1 
h7, Bel, Byl, Hel 
h7, Bel, Ely2 
h6, By3. Hel 
hg, Byl 

' Daie in thia table are taken fiun OnUno F o n ~  Resource Invuirory (FRI) hhps publiAed in 1994 &y tha Ontario Minlovy of Nauval Rcsourccs. 
'UTM swds for the "Univasol Transverse h&calorn grid uscd on FR1 mps and Nationai Topographie S y s m  (NTS) maps. UTMs are given c the naiasi m 
metres, NTS Map used UI determine UTM coordinates used Naih American Daum 1927. 

'Naetion used by OMNR to describe îree species composition in forest siands. Mh7, foc example, simply means bat 70% of the ùcse in a parlicular faest asnd 
are Sugar Maple. @=Baisam Fir, Beech; Bw=Whita Birch; By=Yelbw Birch; b E a s r e m  Hernlock; Mh=Sugsr (H8d) Mapb; h4s=Red 
(Soft) &pie; -White Pine) 



Expected 
Habitat in 

Surveys 

Mndpappy 

Red-spotnd Newt 

Eastern Amricm Toed 

Green h g  

MinLhog 

Bull Frog 

lakes, rivers, streams 

forest litter, lakes, 
poads 

wet forest or scrub 

forrst litter, ponds, 
swamps, wet m b  

f- lakes, 
ponds 

lakes, ponds, streams 





Table 4. Total numbers of M g  adults of 10 amphibian species detcctcd dwing timeconstrained surveys of 10 managed, 10 
maàside, and 10 unmanaged ephemeral pools surveyed between 12 May and 14 June in 1996 and 1997, in Algonquin Rovincial Park, 
Ontario, 
- - - - - - - 

PoolType AMLA AMMA PLCI BUAM HYVE PSCR RASY RACL RASE RACA Total 

unmanaged 1 2 8 15 O 136 105 47 1 O 315 

Total 1 2 15 43 5 316 168 79 2 3 634 

Total 3 2 6 324 O 352 115 91 O O 893 





TaMe6. T d n m n t w r s o f I a r v a e o f 5 ~ ~ s p e c i e s d e c e c e d c h a i n g t i m a  
wwmhai snrveys of 10 mansged. 10 madside, and 10 umnanaged ephancral pods 
siirveyed in 1996 ami 1997, in Algaiqnin Rwincial . . Ontztrio. 



TaMe 7. Decay classes of do& woody debris (aftn Chambers aad Lee 1992). 

-Y- Description 

1 bak keaches.andterdanofdiclogintact, logelevstedoff the 
gn>und by k branches 

3 aace barL Mt on logs wood cüsintegrahg into Large chunks, c010ur 
of wood is fadcd, log sagging on tbe ground 

4 t # i r k a n d b a i b c h c s c o m p W y ~ t e g r a t c d , w o o d h a s ~ t e ~  
to soft, blocky pieces and has fradcd ao a brown or yellowish colout, 
log is d g  ampletdy on the groiud 

5 w d  has disintegratcd fmthcr to a powdey texture and yeiiowish to 
gny colour, log is Snking into the girwind 



StandType AMLA PLCI BUAM PSCR RASY RACL Total 



StandTyp NOVI AMIA AMMA KA BUAM RASY RACL T d  

Total 2 2 6 10 35 10 O 65 



Figure 1. Location and sampling sequence of managed and unmanaged forest 
stands surveyed in Algonquin Provincial Park, Ontario. Managed stands A-E in the 
Sunday Lake Road (SLR) area of the Park were paired with unmanaged stands a-e 
along the Highway 60 corridor (H60), and were surveyed in 1996. Managed stands 
F-J in the Martin Lake Road (MLR) area of the Park were paired with unmanaged 
stands f-j along the Highway 60 corridor, and were surveyed in 1997. Managed and 
unmanaged forest stands indicated with the same letter ( e g  A and a) were sampled 
concurrently, as a pair. 



Figure2. Schematic diagram of representative managed (MLR-3489) and 
unmanaged (H60-6701) shade-tolerant hardwood forest stands selected as study sites. 
Within each managed and unmanaged forest stand were located a cirifi fence and pitfidl 
trap may (at each stand's center), and 5 (10 x 10 m) quadrats (randomly located 
throughout each stand). A managed and a roadside ephemeral pool were located w i h  
each mmaged forest stand, and an unmanaged ephemeral pool was located within each 
unmanaged forest stand. 



Julian date 

Julian date 

Figure 3. Average weekly maximum and minimum air temperatures (OC) taken at 
the Wildlife Research Station in Algonquin Provincial Park, Ontario. Indicated are seven- 
day averages (mean + SD) of temperatures taken between the 12 May and 3 1 August of 
1996 (a) and between the 1 1 May and 5 Augost of 1997 (0). 



stand area (ha) 

Figure 4. Number of amphibian species detected in 10 manageci (0) and 10 
unmanaged (Ci) forest stands of different sizes in Aigonquin Provincial Park, Ontario. 



1 O000 

1482 managed forest stands 

1 O000 
unmanaged forest stands 

Figure 5. Heterogeneity of amphibian communities in 10 managed (dark hatching) 
and 10 unmanaged (light hatching) forest stands of Algonquin Provincial Park Ontario. 
The total number of juvenile and adult individuais of each species detected during 
surveys of rnanaged and un'inanaged ephemeral pools, quadrats, and drift fence and pitfall 
trap arrays, is indicated and plotted on a logarithmic scde. NOVI=Notophrhams 
viridescens; AMLA=Ambystmm laterale; AMMA=Ambystomu macuIal~m; 
PLCl=Plethodon cinereus; BUAM=Bufo ornericornus; W = H y f u  versicolor, 
PSCR=Psaidacrzs cmcifer; RASY=Rm syfvatica; RAC L=Rrma clamitans; 
RASE=l&ma septentronaiis; RAC A=Rana catesbeiana. 



Figure 6. Minimm temperaturc (Oc) over time in 10 maoaged (O) (thirddegree 
polynomial regriession: y=3762.449-73.2 1 1 x+0.473x2-0.00 lx3; ?=0.675), 10 rogdside 
(V) (simple Iinear regession: y=û.218x-M. 154, ?=0582), and 10 mmmased (P) (third- 
degree polynoniial regression: y=6989.63~- 1 3 3 . 8 7 8 ~ 4 . 8 5 2 ~ - 0 . ~ 2 ~  ; M . 5  1 1) 
ephemeral pools in Algonqain Provincial Park, ûntario. Tempaatincs were mken between 
18 May and 29 June for pools surveyed in both 19% and 1997. I n d i d  for t h  simple 
hear regressioa of minimum tempwtine ova tmie in d d e  pools only, an the 95 
percent confidence Mts for the sbpe of the regesion lïne, and the 95 -nt confadence 
bands for the mie man of minimum temperature mer time. 
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Julian date 
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Figure 8. Atmdame (man nimiba of individuals + SE) of br&ding as. Spring 
Peepers (Pseudoair cmcver)). Wood Frogs ( R m  syhaticu). and Ameacen Toads (BiQo 
amaicnnua), in 10 managed (O). 10 roadsde (u) and 10 (D) pods 
over the breeUling season (12 May - 14 June 19% and 1997) in Algoaquin Provincial Park. 
Ontario. 



Figure 9. The mean SE) n m b a  of pieces and vdmne (m3) of downed woody 
debris per heztare of 10 managed (O), ami 10 unmamged (P) shade - taht  hardwood 
furest stands, in Sue classes 1 (pole bgs: 7.5 cm < diameter < 24 cm), 2 (saw logs: 24 cm 
ediameterc50cm). d 3  (maturelogs:rtiarrie~>5ûcm).inAlgonquin Pmvkhi  Park, 
Ontario. 



Figure 10. Tbt mean & SE) nrrmbcr of piects (/ha) ami volume ( m 3 b )  of pok- (7.5 
cm<niamem<24cm),saw- (24 an c &armer< Bcm),  d murnie-&xi (-> 
50an)downedwoodydebrisindezayckssts 1 thmua5 in lOminaged(0) and 10 
unmanaged 0 forest stands in AIgonquin ProMacia i~Ontar io  
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Figure 11. nie man (+ SE) number of pieces and vohme (m3) of downed woody 
debris pa hectare of 10 managai (0) and 10 m g e d  (P) forest stands, in decay 
classes 1 through 5, in Algonquin Roviocial Park, Ontario. 
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Figure 12. Relationships of s d  ('C) ova time in 5 managed (@) (simple 
hear ngmssion: ~4.104~-7.441; m) and 5 mmimaged (O) (second-degree 
plynomial regrcssion: y 4 . 7  19x-0.002x2-62. 101; 34.858) forest stands surveyed 
between 11 May a d  16 August 1997, in Algonqriia Provincial Park, Ontario. Inckated for 
the simple linear regression of soi1 tanpcrature o v a  tmit in managecl stands ody, are the 
95 peroeat conhdence iirnits for the dope of the regression k, and the 95 pczcent 
d e n c e  bands for the mie mean of soil tcmpaaairr over tim. 



Juiian date 

Figure 13. Simple linear re sions of soil misture mer t h e  in 5 managexi (O) 
(upper lùic: y=54.68-0.092~ ~%b) and 5 uoma~ged (O) (lower linc: y=56.464- 
0.149x; ?=0.172) forest stands siweyed betwccn 11 May and 16 August 1997, m 
Algo@ Provincial Park, (hitario. Indicatd for each regression line are the 95 percent 
COIlfidence limits fa the slope and the 95 percent confidence bands for the mie wan of soi1 
maisture over time. 
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Figure 14. Abundanœ (mean nurnber of individu& + SE) of amphibians and Red- 
backed S- (Plethodon cinerem) detected ddraiiig area-comtrained quacirat sweys 
of 10 managexi (O) and 10 unmanageci 0) fotest stands surnyed between 12 May and 14 
June in both 19% d 1997. in Aigonquin Provincial Park, Ontario. 



Figure 15. Abundaece (man number of individu& + SE) of Amerb'i~ Toads (B@ 
~ ~ C C U ~ U T )  detccted drrring surveys of drift fuice and pit f d  trap arrays id 5 m g e d  (O) 
and 5 m g a l  0) fonst smds tbrwghwt the sunmier (23 Jue - 28 August) and fd 
(17 September - 1 Novemba) field seasons of 1996 and the spRng (1 8 May - 7 July) field 
season of 1997, in Algonquin Provincial Park, Chtario- 
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