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ABSTRACT

Forest harvesting alters microclimate and structure, which may affect amphibians
directly, as well as affect the abundance, diversity and/or availability of amphibian prey.
As a result, the fofaging efficiency of amphibians in harvested areas may be reduced,
lowering body cbndition, and perhaps survival. | experimentally tested the hypotheses
that: 1) body condition would be lower in clearcuts than forested sites; and 2)
salamanders would be food limited in clearcuts but not in forest, and food addition to
clearcut enclosures would improve body condition, while food addition to forest
enclosures would have no effect. We used 24 large-scale field enclosures in a
randomized split-plot block design (3 blocks) with forest type (1 clearcut and 1 forest
site in each block) and food level (supplemental mealworms, ambient) as: factors to
examine the effects on growth and survival of adult and juvenile northwestern
salamanders. In trial one, which started in October 2003, each of the 24 enclosures
received 14 marked and measured juveniles. Juveniles were recaptured and re-
measured in April/May 2004. In trial two, each of the enclosures received 7 marked
and measured adult salamanders in May 2004, and adults were recaptured and re-
measured in October/November 2004. Mealworms were added weekly to half the
enclosures at each site. We used an analysis of variance to test for differences
between clearcut and forest, supplemental food and ambient food, and any interactions
on the weight change of animals and on the proportional survival for each enclosure.
We found no significant effect of forest type or food level on growth of juveniles or
adults, or on proportion of juveniles recaptured at the end of the experiment. However,
for adults, there was a significant effect of forest type on the proportion recaptured (p <
0.001), with fewer animals recaptured in clearcut enclosures. These results indicate

that clearcuts may provide unsuitable habitat for salamanders during summer in the

Pacific Northwest, but not during winter.




TABLE OF CONTENTS

AB S T R A T e e ii
TABLE OF CONTENTS ..o oo iii
LEST OF TABLES ..ottt et ee e Vv
LIST OF FIGURES .......ooni e e aaaaan vi
ACKNOWLEDGEMENTS ... ittt e ee X
INTRODUGCTION ...ttt 1
METHODS ... il D
SHUAY ANIMALL ... e 5
SHUAY AT .. 6
ENCIOSUIE DESIGN ....eei et 7
Food Addition Treatment . ... e 9
Determination of Salamander Density for Enclosures..............cccooeovviinn 10
Collection of Study ANIMalS ..o 10
Enclosure Assignment, Marking and Measurements..................cooo 11
Juvenile EXPErimMent. ... ... 12
AdUIt EXPEIIMENT. ...ttt e e e e 13
Invertebrate Sampling..........cooiiiiiii e 14
Environmental Variables ... 14

D L= AV A= 1] PN 16
RE S U LT S ittt 17
Environmental Variables ..........cooooiimiiiiiiiiiiiiii 17
Juvenile Experiment ... 17

Adult EXPEeriMENTt ... ....eeeiiiiiiiiiiiiiii s 18
Juvenile EXPeriment..........oovviiiii 20
Proportion Recaptured (Survival) .........cccccoiiiiii e 20
Weight Change (Growth) ..., 23

AUt EXPEIIMENT. ...t 25
Proportion Recaptured (Survival) ..........ccccoiiiiiiii 25
Weight Change (Growth) ... 28
Invertebrate SamPliNg...... ..ot e 30
Juvenile EXperiment ... 30

AUt EXPEIIMENT ... 33
DISCUSSION ......oeiiiiieie e SOOI 35
Juvenile Experiment — Winter Conditions ..............ccccccii 36
Adult Experiment — Summer Conditions ............ccccccciiii 37
Relation to Invertebrate Sampling ResSultS.............cccoiii 39
Comparisons with Previous Studies.............cccccoiiiiiii 40

Unanswered Questions and Limitations. ..., 42




Management Implications ... 46

LITERATURE CITED ... e 98
AP PEN DX L. e 104
APPENDIX 2. e 106
APPENDIX 3. oo e 110




LIST OF TABLES

Table 1. General description of the forest and clearcut sites in each block. .............................. _49

Table 2. Total biomass (g) and mean initial mass (g) of animals in each enclosure in the
juvenile experiment. Standard error of means provided (1 S.E). ... 50

Table 3. Sample sizes for juvenile experiment analyses. The ‘Recaptures in Wrong Enclosure’
column shows which food treatment the animal(s) moved out of. the animal was recaptured in
the other food treatment. Enclosure pair sample size includes animals recaptured in the wrong
enclosures, and those captured after May 12", 2004. Some animals captured after May 12",
2004 were also recaptured in the wrong enclosure, so columns may not tally correctly to

provide enclosure pair sample size. Sample size is lower for weight change analysis than
enclosure sample size due to omission of animals with incorrect marks (unable to determine
animal’'s initial WEIGNE). .......uii e 51

Table 4. Weight change of juveniles recaptured between March 8" and May 12", 2004. Weight
change is calculated as (final weight — initial weight)/(initial weight). Negative values represent

animals that lost weight throughout the course of the experiment. ..., 52

Table 5. Total biomass (g) and mean initial mass (g) of animals in each enclosure in the adult
experiment. Standard error of means provided (£1 S.E). ... 53

Table 6. Sample sizes for adult experiment analyses. The ‘Recaptures in Wrong Enclosure’
column shows which food treatment the animal moved out of. the animal was recaptured in the
other food treatment. ‘Recaptures after November 24" 2004’ refers to captures of animals that
were not previously captured between August 27" and November 24™, 2004. Enclosure pair
sample size includes animals recaptured in the wrong enclosures, and those captured after
November 24" 2004. Some animals captured after November 24™ 2004 were also recaptured
in the wrong enclosure, so columns may not tally correctly to provide enclosure pair sample

size. Sample size is the same for weight change analysis and proportion recaptured analysis. 54

Table 7. Weight change of adults recaptured between August 27" and November 24", 2004.
Weight change is calculated as (final weight — initial weight)/(initial weight). Negative values
represent animals that lost weight throughout the course of the experiment. .......................... 55



LIST OF FIGURES

Figure 1. Map of research forest, showing sites where enclosures were located (yellow circles),
and grouping of sites into blocks (red dashed line). Two enclosure pairs were built at each site.
Size of yellow circles around sites does not reflect site size. Juveniles and adults were captured
around the perimeter of Mirror Lake. ..............ccccooiiiiiii e 56

Figure 2 — Photograph of enclosure pairinforest..............ccccccci 57 .

Figure 3 — Photograph of mesh fence of an enclosure showing the double folding at the top of
the mesh fence towards the interior of the enclosure to prevent salamanders from climbing out.
The aluminum flashing used for the dividing wall is also shown. ... 58

Figure 4 — Photograph of an enclosure in a clearcut, showing the aluminum flashing used to
build the dividing wall. The small flaps of metal attached to the dividing wall posts were used to
prevent animals from climbing the posts. ... 59

Figure 5a. Environmental variables for the juvenile experiment: maximum and minimum
surface temperatures in each forest type, from temperature loggers in each enclosure pair.
Temperature logger data ended on April 21, 2004. ... 60

Figure 5b. Environmental variables for the juvenile experiment: maximum and minimum air
temperatures, from weather station in Malcolm Knapp Research Forest....................... 61

Figure 6. Total precipitation (mm) during each week of the juvenile experiment. Data were
collected at a weather station in Malcolm Knapp Research Forest.................ccooos 62

Figure 7a. Environmental variables for the adult experiment: maximum and minimum surface
temperatures in each forest type, from temperature loggers in each enclosure pair.
Temperature logger data ended on November 6, 2004. ... 63

Figure 7b. Environmental variables for the adult experiment: maximum and minimum air
temperatures, from weather station in Malcolm Knapp Research Forest........................ 64

Figure 8. Total precipitation (mm) during each week of the adult experiment. Data were
collected at a weather station in Malcolm Knapp Research Forest.................ccooiis 65

Figure 9a. Enclosure soil moisture (%) during the adult experiment in each forest type on each
sampling session. Dashed line in box plots represents the mean, while solid line represents

the median. Box plot represents the 10™ and 90" percentiles of the data, while whiskers
represent the 5 and 95™ percentiles of the data. .............ccocovimiiiiiii e 66

Figure 9b. Enclosure soil moisture (%) during the adult experiment in each site on each
sampling session (including standard error bars on the mean). Blocks are listed in brackets
(8.9, BT 2 BIOCK ). oottt 67

Figure 10a. Proportion of juveniles recaptured in the correct enclosure at the end of the
experiment in each forest type and food treatment. Figure conventions follow those used in
FIGUIE D@, ...ttt h e 68

Vi




Figure 10b. Proportion of juveniles recaptured in the correct enclosure at the end of the
experiment in each food treatment at each site (including standard error bars on the mean). No
mean could be calculated for K Forest Food, as data were only available from one enclosure.
Figure conventions follow those used in Figure Ob................ccooi 69

Figure 11a. Proportion of juveniles recaptured in each enclosure pair at the end of the
experiment in each forest type. Figure conventions follow those used in Figure 9a................ 70

Figure 11b. Proportion of juveniles recaptured in each enclosure pair at the end of the
experiment in each site (including standard error bars on the mean). Figure conventions follow
those USed in FigQUre Ob. ... i et 71

Figure 12a. Weight change of juveniles over the entire experiment in each forest type and food
treatment. Figure conventions follow those used in Figure Qa..................ccooooo, 72

Figure 12b. Weight change of juveniles over the entire experiment in each food treatment at
each site (including standard error bars on the mean). Figure conventions follow those used in
FIGQUIE O, ..o e 73

Figure 13a. Proportion of adults recaptured in the correct enclosure at the end of the
experiment in each forest type and food treatment. Enclosures with zero recaptures throughout
experiment are included. Figure conventions follow those used in Figure 9a.......................... 74

Figure 13b. Proportion of adults recaptured in the correct enclosure at the end of the
experiment in each food treatment at each site (including standard error bars on the mean).
Enclosures with zero recaptures throughout experiment are included. Figure conventions
follow those used in Figure 9b. ... ... 75

Figure 14a. Proportion of adults recaptured in the correct enclosure at the end of the
experiment in each forest type and food treatment. Enclosures with zero recaptures throughout
experiment are omitted. Figure conventions follow those used in Figure Qa........................... 76

Figure 14b. Proportion of adults recaptured in the correct enclosure at the end of the
experiment in each food treatment at each site (including standard error bars on the mean).
Enclosures with zero recaptures throughout experiment are omitted. Figure conventions

follow those used in FIgUre 9. .. ...ttt 77

Figure 15a. Proportion of adults recaptured in each enclosure pair at the end of the experiment
in each forest type. Figure conventions follow those used in Figure 9a. ... 78

Figure 15b. Proportion of adults recaptured in each enclosure pair at the end of the experiment
in each site (including standard error bars on the mean). Figure conventions follow those used
INFIgUre 9b......vvei e U SO UURRPRPRUUPRRPPPN 79

Figure 16a. Weight change of adults over the entire experiment in each forest type and food
treatment. Figure conventions follow those used in Figure 9a. ... 80

Figure 16b. Weight change of adults over the entire experiment in each food treatment at each
site (including standard error bars on the mean). Figure conventions follow those used in
FIOUI OD. .o 81

vii




Figure 17a. Invertebrate sampling during the juvenile experiment: number of invertebrates
trapped from all Orders in each forest type treatment during each sampling session. Figure
conventions follow those used in FIGUre 9a.... ... 82

Figure 17b. Invertebrate sampling during the juvenile experiment: mean number of
invertebrates trapped (all Orders) in each site during each sampling session (including
standard error bars on the mean). Figure conventions follow those used in Figure 9b. ........... 83

Figure 18a. Correspondence analysis of number of invertebrates captured during the juvenile
experiment, with data separated by forest treatment and sample date................................... 84

Figure 18b. Correspondence analysis of number of invertebrates captured during the juvenile
experiment, with data separated by each invertebrate Order. .....................cco, 85

Figure 19a. Invertebrate sampling during the juvenile experiment: biomass (mg) of
invertebrates trapped from all Orders in each forest type treatment during each sampling
session. Figure conventions follow those used in Figure 9a.................coooiis 86

Figure 19b. Invertebrate sampling during the juvenile experiment: mean biomass of
invertebrates trapped (all Orders) in each site during each sampling session (including
standard error bars on the mean). Figure conventions follow those used in Figure Sb. ............ 87

Figure 20a. Correspondence analysis of biomass of invertebrates captured during the juvenile
experiment, with data separated by forest treatment and sample date........................ 88

Figure 20b. Correspondence analysis of biomass of invertebrates captured during the juvenile
experiment, with data separated by each invertebrate Order. ... 89

Figure 21a. Invertebrate sampling during the adult experiment: number of invertebrates
trapped from all Orders in each forest type treatment during each sampling session. Figure
conventions follow those used in Figure 9a. ... 90

Figure 21b. Invertebrate sampling during the adult experiment: mean number of invertebrates
trapped (all Orders) in each site during each sampling session (including standard error bars on
the mean). Figure conventions follow those used in Figure 9b.............cc.ooin, 91

Figure 22a. Correspondence analysis of number of invertebrates captured during the adult
experiment, with data separated by forest treatment and sample date..................c.s 92

Figure 22b. Correspondence analysis of number of invertebrates captured during the adult
experiment, with data separated by each invertebrate Order. ... ... 93

Figure 23a. Invertebrate sampling during the adult experiment: biomass (mg) of invertebrates
trapped from all Orders in each forest type treatment during each sampling session. Figure
conventions follow those used in Figure 9a.............ccoooi s 94

Figure 23b. Invertebrate sampling during the adult experiment. mean biomass of invertebrates
trapped (all Orders) in each site during each sampling session (including standard error bars on
the mean). Figure conventions follow those used in Figure 9b..................coi 95

viii




Figure 24a. Correspondence analysis of biomass of invertebrates captured during the adult
experiment, with data separated by forest treatment and sample date..........................

Figure 24b. Correspondence analysis of biomass of invertebrates captured during the adult
experiment, with data separated by each invertebrate Order. ............. TP 97




ACKNOWLEDGEMENTS

I'd like to extend sincere thanks to my supervisor, John Richardson, for his support
and guidance throughout this project and my degree, for fostering a great lab group,
and for his flexibility in allowing me to work off-campus for a considerable portion of my
degree. I'd like to thank Dave Huggard for discussions on design and analysis of this
experiment, as well as for expanding my critical thinking skills and my knowledge of the
scientific process. Thank you to Valery Lemay for help with statistical analyses.

This experiment could not have taken place without the help of many volunteers
who helped in excavation of enclosure trenches, building of enclosures, capturing and
marking of animals, and processing of invertebrate samples. Thank you to members of
the Richardson lab who helped out (Shauna Bennett, Will Gibson, Nancy Hofer,
Tatiana Lee, Laurie Marczak, Conan Phelan, and Ed Quilty), as well as summer field
assistants (Megan Harrison, Dierdre Leard, Destiny Poruchny, and Katie Zeron) and
numerous interns to the Richardson lab. In particular, I'd like to thank my husband,
Shawn Hilton, for his help with completing the enclosures during “crunch-time”, with
tending captive animals, and with marking and processing of animals. Thanks also to
other family members (Gary Hilton, Michael Grant, Drew Grant) who helped with
enclosure excavation and building when time was running out, and to Annette Hilton
and Tim Martiniuk for help with processing animals prior to the commencement of the
juvenile experiment.

Thank you to the Bert Hoffmeister Scholarship for Forest Wildlife and the
VanDusen Graduate Fellowship in Forestry for personal support during my studies, and
to Forest Innovation Investment B.C. and the National Sciences and Engineering
Research Council (NSERC) for project funding. Thank you to lonut Aron and the staff
at Malcolm Knapp Research Forest for logistical support. Thank you to Polytainers Inc.
and Nestle Canada for donations of plastic containers used for animal housing and
pitfall traps. Thank you to TAG Construction Ltd. for donation of PVC pipe for pitfall
traps and for an excavator and operator that was used for some of the enclosure trench
excavation.

| could not have completed this degree without the support of family and friends.
Thank you to Shauna Bennett, Danielle Cobbaert, and Ed Quilty for inspiration and
encouragement. I'd especially like to thank my husband, Shawn, for his constant
emotional support throughout my thesis, and for encouraging me when obstacles
appeared insurmountable.




INTRODUCTION

~ The habitats available to species have different characteristics in terms of abiotic
factors, food supply, predators, competitors, and the longevity of suitable conditions,
among others. These characteristics affect the fitness of individuals (in terms of the
number of young produced), and the demography and dynamics of their populations
(Southwood 1988). Through selection, species evolve a life history strétegy that
maximizes individual fitness in a particular habitat; this habitat might then be called the
preferred habitat of the species (e.g., mature forest, native grassland etc.) (Southwood
1988). An individual's fithess may be reduced in habitats that have different
characteristics than the preferred habitat (e.g., differences in food supply, more

predators).

Anthropogenic activities (e.g., forest harvesting, agriculture) cause changes to
habitat characteristics that may have effects on the individual fitness of organisms.
Forest harvesting can cause a number of physical changes to habitat: a greater range
in microclimate (Chen et al. 1993); increased soil compaction (Dyrness 1965, Sidle and
Drlica 1981); and increased surface and soil temperatures, decreased soil and air
" moisture, and changes to the amount and decay class of downed wood, leaf litter depth
and type, soil/humus acidity and hardwood shrub abundance (Geiger 1971). These
physical changes may cause harvested areas to become less suitable habitat for many
species adapted to forest conditions (Richardson et al. 2005). Vagile species may
attempt to disperse into adjacent forest until conditions in harvested areas become
more favourable (Ash and Bruce 1994). Many small species (e.g. some invertebrates,
some amphibians) have low vagility and are frequently unable to leave harvested areas
(Blaustein 1994, Petranka 1994). Individuals that remain in harveéted areas may have
reduced survival and body cbndition (and therefore fitness) as a result of habitat

changes.

A version of this manuscript will be submitted for publication. Hilton, A. and J. Richardson. Effects of
forest cover and food limitation on the growth and survival of juvenile and adult northwestern
salamanders (Ambystoma gracile Baird).



Amphibians have become a focus of research on the effects of forest harvesting
due to their physiology and associated specialized habitat requirements. Amphibians
are poikilotherms (cold-blooded) that need to regulate their body temperature
behaviourally, and they have moist, permeable eggs, gills and skin (deMaynadier and
Hunter 1995, Stebbins and Cohen 1995). Amphibians have small home ranges, are
highly philopatric, and have limited dispersal ability, making them sensitive to local
~ environmental perturbations (Blaustein et al. 1994, Duellman and Trueb 1994, Stebbins
and Cohen 1995, Beebee 1996). Most species are alternately exposed to either
aquatic or terrestrial environments throughout their life cycle, and therefore are
sensitive to disturbances in either (Stebbins and Cohen 1995, Semlitsch 2003). Since
amphibians have such specialized requirements, they have been proposed as
indicators of habitat quality and environmental changes (Bury and Corn 1988, Gibbons
1988, deMaynadier and Hunter 1995, Welsh Jr. and Droege 2001).

The responses of amphibian communities and populations to forest harvesting in
North America have been well-studied, and results have varied (for a comprehensive
review, see deMaynadier and Hunter 1995). In the eastern United States, many
studies report reductions in amphibian population size and species richness in
harvested areas (Pough et al. 1987, Petranka et al. 1993, Petranka et al. 1994, Ash
1997, Harpole and Haas 1999, Cromer et al. 2002, Knapp et al. 2003). In the Pacific
Northwest, some studies have found large reductions of amphibians in harvested areas
(Bury 1983, Dupuis et al. 1995, Cole et al. 1997, Davis 1998, Dupuis and Steventon
1999, Aubry 2000, Grialou et al. 2000, Naughton et al. 2000, Matsuda and Richardson
2005), while others have reported little change (Bull and Carter 1996, Richardson and
Neill 1998, Maxcy 2000, Biek et al. 2002).

Three hypotheses have been proposed to explain observed patterns of
amphibian decline in harvested areas. First, amphibians might be killed during the
physical process of logging (deMaynadier and Hunter 1995, Chazal and Niewiarowski
1998). Second, amphibians might disperse out of harvested areas (emigration

hypothesis), resulting in an observed decline in diversity and population size in
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harvested areas (Ash and Bruce 1994). Emigrating amphibians may have difficulty
establishing territories in adjacent forest habitat that contains resident animals
(Petranka 1994). Third, amphibians might remain in harvested areas and vertically
migrate into the substrate to escape adverse surface conditions (vertical migration
hypothesis). Individuals that migrate into the substrate will be less likely to be
encountered using traditional amphibian sampling techniques (pitfall traps, cover
boards, litter searches), resulting in an apparent decline in abundance and diversity in
harvested areas (deMaynadier and Hunter 1995). If surface conditions remain
inhospitable for an extended period of time, these individuals may perish due to limited
foraging opportunities in refuges, causing ah actual decline in abundance and diversity
in harvested areas (Petranka 1994, Petranka et al. 1994). There have been some
attempts at distinguishing between these hypotheses. Johnston (1998) radio-tracked
Coastal giant salamanders (Dicamptodon tenebrosus) in clearcut and forest habitats,
and found reduced movement in clearcuts, resuits that are consistent with the vertical
migration hypothesis. In contrast, northwestern salamanders (Ambystoma gracile) and
ensatinas (Ensatina eschscholtziiy showed trends towards moving farther and with a
higher rate of movement in harvested areas (Maxcy 2000), results more consistent with
the emigration hypothesis. However, it is difficult to study movement patterns of
amphibians due to their small size: many species are too small for radio-transmitters
with sufficient battery life to permit tracking for an extended period of time. Using
trapping grids to sample movement of animals is restricted by the typically low
recapture rates, and the dependence on animal activity. If activity rates change in

different habitats, trapping results can be confounded.

Although there remains uncertainty about how amphibians respond to harvesting
in terms of movement patterns, it is still important to understand which conditions affect
amphibians in harvested areas, as this understanding might permit management
recommendations. Amphibians might be affected by the microclimate changes
associated with harvesting: amphibians may experience high evaporative water loss

due to the increased surface and soil temperatures and decreased soil and air moisture

in harvested areas (Heatwole and Lim 1961, Jaeger 1971, Rothermel and Semlitsch




2002, Mazerolle and Desrochers 2005). Amphibians might also be affected by a
change to the prey supply, i.e., invertebrates. Harvesting can reduce organic matter
and increase temperature and moisture extremes beyond the tolerance range of most
arthropods, resulting in a reduction in arthropod abundance and diversity (Vlug and
Borden 1973, Bird and Chatarpaul 1986). Because of the change in conditions, forest-
adapted invertebrate species may be unable to persist in harvested areas (Shure and
Phillips 1991, Niemela et al. 1993, Heliola et al. 2001). These changes to invertebrate
populations may affect the ability of amphibians to acquire sufficient high quality food

resources, and may result in amphibians being food limited in harvested areas.

Both microclimate changes and prey population changes may interact to affect
amphibians in harvested areas. Metabolic requirements of salamanders have been
shown to increase with increasing temperature (Jaeger 1980a, Currens et al. 2002),
while food assimilation efficiencies decrease (Merchant 1970, Jaeger 1980a).
Salamanders can run a negative energy budget during warm, dry conditions (such as
might be experienced in harvested areas), which has negative effects on the
reproductive components of fitness (Jaeger 1980a). As a result, salamanders may
compensate for food limitation by feeding at high rates when conditions are favourable
(rainy weather), and store energy as fat reserves for later use (e.g., reproduction,
maintenance during harsh climatic conditions) (Jaeger 1980a). If prey populations
change in harvested areas such that high quality prey are limited, amphibians may be

unable to acquire sufficient resources in this reduced foraging time.

To test the mechanisms underlying amphibian response to forest harvesting, an
experimental approach is needed. The use of large field enclosures in amphibian
studies has gained popularity in recent years: they have been used to study terrestrial
ecology (Pearson 1955, Pechmann 1995), the effects of forest harvesting on body
condition (Chazal and Niewiarowski 1998), and the influence of abundance of small-
mammal burrows and conspecifics on density and distribution (Regosin et al. 2003).
Although use of field enclosures has some limitations (e.g., some mortality factors may

be reduced or increased within enclosures), field enclosures are ideal for experimental



manipulations: enclosures encompass the natural variation in habitat, animals are
exposed to natural climatic conditions (unlike laboratory experiments), and individual

animals can be followed through time using repeated sampling.

We designed an experiment using field enclosures to contrast growth and
survival of Northwestern salamanders (Ambystomatidae: Ambystoma gracile Baird)
from a common population when exposed to forest versus clearcut conditions, and to
determine whether salamanders are food limited in clearcuts. Food limitation was
tested by way of a food addition to half the enclosures. We examined the survival and
the growth of salamanders in enclosures with two experiments: one during fall and
winter using juvenile salamanders, and one during spring and summer using adults.
For both experiments, we predicted: 1) that growth and survival would be lower in
clearcuts than forested sites; and 2) that salamanders would be food limited in
clearcuts, but less so, or not at all in forest, and food addition to clearcut enclosures
would enhance survival and growth, while food addition to forest enclosures would
have no effect. Environmental variables, including soil moisture, surface temperature,
air temperature and precipitation, were monitored in each of the clearcut and forest
sites throughout the experiments. Ambient invertebrate biomass, population size and

diversity were periodically monitored outside each enclosure during both experiments.

METHODS

Study Animal

The northwestern salamander, a common species in the Pacific Northwest
(Aubry 2000, Maxcy 2000), is an aquatic breeder (in ponds and slow-moving streams)
that uses terrestrial habitat in the non-breeding season (Corkran and Thoms 1996).
Mature adults migrate seasonally to breeding sites during late winter and spring, and
return to the terrestrial habitat after breeding. There is evidence from recaptures that

this species is capable of breeding migrations exceeding 1 km (Maxcy 2000).

Metamorphosed juvenile salamanders emerge from their natal ponds during rainy




nights in the late summer, and mature in the surrounding terrestrial habitat. Like other
ambystomatids, juveniles and adults are generally fossorial by nature: since they have
limited ability to excavate their own burrows, they rely on existing small mammal
burrows to gain access belowground (Semlitsch 1981, 1983, Madison 1997, Madison
and Farrand 11l 1998, Faccio 2003). They may be found above ground at night during
and after rain, and sometimes in soft logs or in bark and wood mounds at the bases of
snags (Corkran and Thoms 1996). Because of the secretive nature of the species, little
is known about the terrestrial phase: information is lacking on preferred prey, densities,

home range sizes, and agonistic behaviours.

Study Area

This study took place in the University of British Columbia's Malcolm Knapp
Research Forest (MKRF), located ~60 km east of Vancouver, British Columbia
(122°34" W, 49°16" N). The MKRF is within the Coastal Western Hemlock
biogeoclimatic zone, which is characterized by dry summers, and rainy, cool winters.
The southern portion of the MKRF typically receives approximately 2200 mm of rain per
year, and snowfall is rare. The forest is largely comprised of second-growth Western
hemlock (Tsuga heterophylla) and Western redcedar (Thuja plicata) forest, which
naturally regenerated after a stand-replacing fire in 1931. The MKREF is currently a
patchwork of second-growth forest and small-scale logging operations (clearcuts,

thinned stands). Northwestern salamanders are abundant in the MKRF (Maxcy 2000).

Three areas (blocks) were selected in the southern portion of the MKRF for this
experiment: each block had one clearcut site (1.2 ha, 2.0 ha, or 8.7 ha; < 5 years old;
ground harvested) and one second-growth forest site (>70 years old) (Figure 1, Table
1). All sites were between 225 and 310 m in elevation. Northwestern salamanders
occurred naturally in all sites (personal observation). The clearcut sites, which were
replanted after harvesting, all had a high percentage of downed wood cover (= 5 cm
diameter; = 1 m in length; 53% cover, SE = 7%) and had a high percentage of shrub
and herb cover during the summer (shrub = 45%, SE = 6%; herb = 25%, SE = 5%).

The forest sites had comparatively lower downed wood cover (18% cover, SE = 4%)



and shrub and herb cover (shrub = 7%, SE = 2%, herb = 8%, SE = 4%). Ground
vegetation at forest sites was predominantly sword fern (Polystichum munitum), salal
(Gaultheria shallon), deer fern (Blechnum spicant) and red huckleberry (Vaccinium
parvifolium). Appendix 1 provides details on percent ground cover of vegetation

species and downed wood at each site.

Enclosure Design

Four 6 m x 6 m enclosures were constructed in each site between May and
September 2003 (n = 24). Enclosures were built in pairs (hereafter referred to as an
“enclosure pair’) such that each enclosure shared one short wall (the “dividing wall”)
with another enclosure (Figure 2). Enclosure pairs were constructed in random
locations in each site, with the following restrictions: in forest sites, enclosure pairs
were constructed >50 m from the edge of the forest, and the two enclosure pairs at
each site were separated by >50 m; in clearcut sites, enclosure pairs were also
separated by >50 m, were >20 m from road edges, and were >50 m from forest edges.
Since amphibian species that are sensitive to harvesting have been found to be
negatively affected up to 25 — 35 m from silvicultural edges (deMaynadier and Hunter
1998), our placement of forest enclosures >50 m from the forest edge should have

been sufficient to ensure no negative edge effects.

Enclosure walls (other than the dividing wall) were built of 0.64 cm (¥4") mesh
hardware cloth (Figure 3). Hardware cloth was selected as the fence material as it
permitted free passage of most invertebrates, but prevented salamanders from
escaping. The hardware cloth was placed in 0.25 m - 0.5 m deep trenches dug by
hand using a mattock and shovel (8 of 12 enclosure pairs), or using a small excavator
with a narrow width bucket (4 of 12 enclosure pairs). The depth of the trenches
depended on the soil at each site: in most cases, trenches were excavated until
compacted soil/clay or bedrock was reached. In a few cases, compacted soil was not
reached within 0.5 m of the surface due to a deep organic soil layer. In such cases, the

trenches were excavated to a depth of 0.5 m. Trench excavation disturbed a ~1 m

wide strip of ground. Hardware cloth was placed in trenches, with the bottom of the




fence folded over (~10 cm fold) towards the inside of the enclosure to provide a barrier
to animals that may try to burrow down beside the enclosure walls. Above ground,
enclosure walls extended 0.3 m to 0.5 m upwards, with the top of the fence folded over
twice towards the inside of the enclosure to prevent salamanders from climbing out
(Figure 3). In two clearcut enclosure pairs, exposed bedrock at or near the surface
prevented excavation of portions of the trenches; in these cases, the bottom of the
fence was folded over towards the inside of the enclosure and covered with a thick

layer of quick setting concrete to fuse the fence to the rock.

The dividing wall separating the two enclosures in each pair was constructed with
aluminum flashing to prevent invertebrates from passing from one enclosure to the
other (Figure 4). The aluminum flashing was buried in trenches, which were excavated
in the same way as for the perimeter walls. The top of the aluminum flashing was not
folded over; aluminum flashing is slippery and salamanders should be unable to climb it
(Pechmann 1995, Chazal and Niewiarowski 1998). An aluminum-flashing barrier was
attached to support poles halfway up the height of the dividing wall to prevent

salamanders from climbing the poles and moving between enclosures.

Cover boards and pitfall traps were added to each enclosure. Pitfall traps, which
were installed in the corners of each enclosure, were constructed using 4 L ice cream
pails (21.5 cm diameter; 13 cm deep) buried flush to the ground. A ~15 cm diameter
hole was cut in the ice cream bucket lids and a ~15 cm diameter margarine container,
with the bottom cut out, was placed in the hole to act as a funnel. Four cover boards
were placed in each enclosure in random locations, with the restriction that th'ey be
reasonably accessible from the perimeter walls. Three cover boards were each placed
over top of one of three ice cream bucket lids (‘feeding tray”; depth 1 cm), with the

cover board suspended ~2 cm, using small rocks, to allow access by the salamanders.

The fourth cover board provided additional refuge for the salamanders.




Food Addition Treatment

One enclosure from each pair was randomly assigned to a food addition
treatment; the other enclosure of' each pair did not receive a food addition (ambient
food level). The food addition treatment for the adult experiment was assigned to the
enclosure that did not have the food addition in the juvenile experiment; this ensured
that an enclosure was not assigned to the ambient food level for both experiments,

which may have resulted in a depletion of naturally-occurring food resources.

In the first week of each experiment, mealworms (larvae of the beetle Tenebrio
molitor) were added to each enclosure to allow all salamanders to acclimate to the
enclosures. Every 5 to 10 days for the remainder of both experiments, mealworms
were added to the food addition treatment enclosure of each pair only. For the juvenile
experiment, 1.80 to 1.85 g of mealworms (approximately 28 to 32 small mealworms;
weighed with an electronic balance) were added, while for the adult experiment, 2.50 to
2.56 g of mealworms (approximately 22 to 32 large mealworms) were added. The
weights of mealworms selected for the food treatment for each experiment were based
on the weekly weights of mealworms required by captive juvenile and adult
northwestern salamanders for weight maintenance (personal observation). Mealworms
were placed in ~0.5 cup of wheat bran (food for the mealworms), and were evenly
distributed between the 3 feeding trays in the food addition treatment enclosures. At
the same time, ~0.5 cup of wheat bran was evenly distributed between the three
feeding trays of the ambient food enclosure so that the only difference between the
enclosures was the addition of the mealworms. Any mealworms remaining on the
feeding trays of the food addition enclosures from the previous weeks' feeding were
counted and removed prior to adding new mealworms; wet bran on all feeding trays
was discarded outside the enclosures. During both experiments, salamanders were
observed sitting on or under the feeding tray in both the food addition and ambient food

enclosures; we are reasonably sure that the salamanders were able to find the food

resources in the food addition enclosures.




Determination of Salamander Density for Enclosures

Since estimates do not exist for the range of natural terrestrial densities of
juvenile or adult northwestern salamanders, we used available literature on other pond-
breeding ambystomatids from the United States to determine how many salamanders
to place in each enclosure. A study in South Carolina reported that summer home
ranges of mole salamanders (Ambystoma talpoideum) were 0.11 - 23.3 m? per
individual, with median home range sizes of 0.25 m? for juveniles, 3.61 m? for males,
and 5.29 m? for females (Semlitsch 1981). An enclosure study in South Carolina on
mole salamanders (A. talpoideum) and marbled salamanders (A. opacum) found no
effect on survival or growth with densities of 0.62 salamanders/m? (equivalent to a
home range size of 1.61 m?/salamander) (Pechmann 1995). We chose a density of
0.38 salamanders/m? (or 2.6 m?salamander) for the juvenile experiment, which
equated to 14 salamanders per enclosure (n = 336). Since adults had two to three
times the body mass of juveniles, we chose an adult density for the experiment that
was half that of the juveniles. Thus, seven animals were assigned to each of the 24
enclosures (n = 168) for the adult experiment; this gave a density of 0.2
salamanders/m?, and provided each animal with a potential home range of 5.1 m?>.
This may have been a relatively high density for the adults: we made a trade-off
between maximizing the amount of area available to each salamander, and maximizing
the number of salamanders within each enclosure. For both experiments, we wanted
to maximize the number of salamanders within each enclosure to increase the chances
of recapturing some individuals at the end of the experiment. Total biomass and mean
initial mass of animals added to each enclosure in the juvenile and adult experiments

are shown in Tables 2 and 5, respectively.

Collection of Study Animals

Juvenile northwestern salamanders were captured as they emerged from a
single natal pond (Mirror Lake; 1.4 ha; 1050 — 2555 m from study sites) in September
and October 2003 using pitfall traps and drift fences partly encircling the pond. Pitfall
traps weré checked every 2 — 3 days, and trapping continued until ~350 salamanders

had been captured. Juveniles were housed individually in ice cream buckets kept
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outdoors until the required number of salamanders had been captured. Buckets
contained ample moist moss, and salamanders were fed 2 — 3 mealworms once a
week. Animals captured early in the trapping period were kept for up to 1.5 months.
The average weight gain of juveniles in captivity was 0.15 g (n = 336, SE = 0.02)
between capture and release. There was no significant difference in capture weight

and release weight of juveniles (1 052),335 = 1.968; t < 0.01; p > 0.5).

Adult northwestern salamanders were captured using the same pitfall traps and
drift fences between March 15" and March 26™, 2004 as they began their post-
breeding migration from Mirror Lake. Only salamanders moving away from the lake
were kept. Salamanders were individUaIIy housed in ice cream buckets with moist
moss, and 3 - 4 large mealworms were placed in each bucket weekly. Animals that
were captured at the beginning of the trapping period were kept in captivity for up to 1.5
months. The average weight gain of adults in captivity was 0.32 g (n = 168; SE = 0.08)
between capture and release. There was no significant difference in capture weight

and release weight of adults (toos2) 167 = 1.975; 1 < 0.01; p > 0.5).

Enclosure Assignment, Marking and Measurements

For each experiment, animals were randomly assigned to enclosures. In each
enclosure pair, the animals in one of the enclosures were all marked with one colour,
while animals in the adjoining enclosure were marked with a different coldur. In
addition, each animal within an enclosure was given a unique elastomer dye
(Northwest Marine Technology, Inc., Tumwater, Washington, USA) code via
subcutaneous injections on the undersides of the forelegs and hind legs. All marking
was done within one week of the commencement of each experiment; at the time of
marking, weights of each salamander, to the nearest 0.01 g, were obtained using an
electronic balance, snout-vent length (SVL) was measured to the nearest 0.1 cm using

a ruler, and head width (taken at the widest point of the head) was measured to the

nearest 0.1 mm using dial calipers.




Juvenile Experiment

Juveniles were released into the enclosures on October 20", 2003, a rainy day.
We did not trap salamanders out of the enclosures prior to commencing the juvenile
experiment; since the enclosure walls were constructed before the onset of migration
from natal ponds, there should not have been any unmarked recent metamorphs in the
enclosures at the start of the experiment. The feeding treatment commenced on
October 29™, 2003. .

Corner pitfall traps were set to catch animals from March 8 to May 12, 2004.
Traps were checked every 2 - 3 days, and moist moss was placed in the bottom of
each trap to prevent desiccation of captured salamanders. Marked juveniles were
identified and weighed in the field, and were taken back to the lab for measuring and
mark verification. Juveniles were released in the forest surrounding their natal pond,
where they were initially captured for the experirhent. Since animals were removed as
they were captured, the density of juveniles within the enclosure decreased over time.
Any unmarked juvenile northwestern salamanders that were captured, and any other
amphibian species, were removed from the enclosures. The number of salamanders
recaptured in each enclosure was recorded as a percentage of the number released
into the enclosure (proportional survival). Captures of animals after May 12, 2004 were
used in calculating proportional survival. A relative growth metric was computed for
each salamander captured between March 8 and May 12, 2004 using its weight at the

beginning and end of the experiment (equation 1):

_ Final weight - Initial weight
Weight change = (1)
[nitial weight

The snout-vent-length measurements and head width measurements
were not used as they were deemed less reliable than the weight measurements: since

animals moved around considerably when snout-vent-length and head widths were

measured, it was difficult to obtain consistently accurate measurements.




Adult Experiment

Adults were released into the enclosures on May 5" 2004. Any adult
northwestern salamanders in the enclosures that were encountered while trapping
juveniles were removed prior to the experiment. The feeding treatment commenced on
May 12", 2004.

Pitfall traps were set to catch adults at the end of the experiment from August
27" to November 24", 2004. Traps were checked every 2 — 3 days, and moist moss
was placed in each pitfall trap to prevent salamander desiccation. Most adults were not
captured in pitfall traps: they were often found at the edge of the pitfall trap or under the
cover boards (especially in forest sites). Captured adults were identified, weighed and
measured (SVL and head width), and were released back into their enclosures to
prevent a change in density over the trapping period. Any other amphibian species that
were encountered were removed from the enclosures. On November 24™, all captured
animals were released from the enclosures. A weight change metric, using equation
(1), was computed for each animal recaptured between August 27" and November
24" for animals that were recaptured multiple times throughout the trapping period, the

final weight of the animal used was that on the last trapping date.

Since many animals were not captured between August 27" and November 24",
enclosures were left intact over the winter; the food addition treatment ended on
November 17" 2004. Manual searches of the enclosures were done on two days at
the beginning of February 2005 and two days at the beginning of April 2005. Since
spring is the breeding season for this species, we reasoned that any animals remaining
in the enclosures would be near the surface trying to leave the enclosures to migrate to
the breeding pond. Manual searches, which involved searching under all logs and
ferns and in the duff layer at the bases of trees, took one person-hour per enclosure to
complete, and were done on days following rainfall to increase the likelihood that
salamanders would be close to, or on, the surface. Captured salamanders were
identified, weighed and measured. The number of salamanders recovered from each

enclosure during the fall trapping and the manual searches were tallied; the
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proportional survival was calculated as a percentage of recovered salamanders. All
captured animals were released. Holes were cut in the walls of the enclosures in early

April 2005 to allow any remaining animals to leave the enclosures.

Invertebrate Sampling

To obtain an estimate of the natural invertebrate community in each enclosure
while preventing removal of invertebrates within enclosures, four invertebrate pitfall
~traps were installed ~1.6 m outside of each enclosure, each separated by ~2 m (Figure
2). Pitfalls consisted of a beer cup (~9 cm diameter) buried flush to the ground, with an
ice cream bucket lid suspended with sticks 10 — 15 cm above to shield the trap from
rain. Invertebrate pitfalls were set twice during each experiment: samples were
collected on December 3™, 2003 and February 16", 2004 of the juvenile experiment,
and on June 18", 2004 and August 20™, 2004 of the adult experiment. The pitfall traps
were set by removing all debris from the cup and adding ~2 cm of propylene glycol; the
traps were left open for one week before collection. Samples for all four traps at each
enclosure were pooled together upon collecting to give one sample for each enclosure
on each date. Most samples were put into 70% ethanol solution in the laboratory; the

June 18", 2004 sample was put in formalin.

Invertebrate samples were washed over a 1 mm sieve and over a 0.63 pm
sieve, and were examined using a dissecting microscope. Invertebrates in the 1 mm
fraction were separated from debris and were identified to Order; the number of
individuals in each Order was counted for each sample. The 0.63 pm fraction was also
separated from debris, and all the invertebrates in the sample were pooled together
without identification. For each sample, the dry weight of each Order and the 0.63 pm
fraction were obtained by drying them on filter papers in a drying oven (60°C) for a

minimum 24 hours (>48 hours for larger insects).

Environmental Variables
Temperature data loggers that recorded temperature every 2.5 hours were

placed in one enclosure of each pair during both experiments. Each logger was placed
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on the ground under a log so that it was not exposed to direct Sunlight; the loggers
were in locations that would be used by salamanders on the surface. Air temperature
and precipitation data were obtained from a weather station located in the southern
portion of MKRF.

A soil sample to determine soil moisture content was collected from one
enclosure of each pair once in July, once in August, and once in September of the adult
experiment (n=12 for each month). No soil samples were taken during the juvenile
experiment: moisture was likely not limiting during winter, as the soil was likely near
saturation. The soil samples were taken from holes 20 cm in depth in representative
areas of the enclosures. Soil was packed into pre-weighed, small metal containers with
tight fitting lids, and the samples were re-weighed. In the laboratory, the containers,
without lids, were plaéed in the drying oven (60°C) for a minimum of 3 days. Samples
were re-weighed immediately upon being removed from the oven. Soil moisture

content (M.C.) was calculated using equation (2):

filled container wet weight - filled container dry weight
M.C. = X 100%
filled container dry weight - empty container weight

Physical chéracteristics of each enclosure were quantified in fall and winter
2004/2005. Percent ground cover of each vegetation species in each enclosure was
recorded, as well as a measure of the cumulative vegetation cover (all species), and
the percent cover of each vegetation type (e.g. tree, shrub, herb, moss). The percent
canopy cover in the forest enclosures, and the percentage of uncovered ground (e.g.
not covered by vegetation or downed wood) in each enclosure was also recorded

(Appendix 1). Photos were taken of each enclosure from standardized locations to

enable estimation of the percent cover of downed wood.




Data Analysis

For both experiments, an analyéis of variance was done to test for differences
between clearcut and forest, food added and ambient food, and any interactions on the
weight change of animals and on the proportional survival for each enclosure. For the
juvenile experiment, an analysis of variance was also done to test for differences
between forest type, food treatment, and interactions on the number of animals
recaptured in the wrong enclosure (e.g., opposite side of enclosure pair from where
animal was originally released) at the end of the experiment. For the adult experiment,
an analysis of variance was also done to test for differences between forest type, food
treatment, and interactions on the number of enclosures without recaptures at the end
of the experiment. Both the juvenile and the adult experiment were analyzed as a
randomized split-plot block design with subsampling. A block contained one replicate of
each forest type, and was treated as a random variable. Forest type (cleafcut, forest)
was the main factor, and food treatment was the split plot; both forest type and food
were treated as fixed factors. For the weight change analysis, data from individuals in
enclosures were used rather than a mean for each enclosure, as the normality
assumption was not met when using means. However, the error term from individuals
was not used as the error terrh for F-tests (Schabenberger and Pierce 2002). Since
recaptures were not obtained in some enclosures at the end of the experiment, the
weight change data were unbalanced for both experiments. Since the design had both
random and fixed factors, and was unbalanced, the MIXED procedure was selected for
both the weight change and proportional survival analyses (Spilke et al. 2005). We
used the Kenward-Roger method for approximating the degrees of freedom (Spilke et
al. 2005). This method, which was created for situations with small sample sizes,
incorporates a correction to the more general Satterthwaite method to reduce bias in
the estimated covariance matrix of fixed effects (Kenward and Roger 1997, Spilke et al.
2005). Consequently, the denominator degrees of freedom are often non-integer.
Proportional survival was arcsine square-root transformed prior to analysis. All
analyses were done with SAS version 9.1, and all graphing was done with SigmaPlot.

All analysis of variance assumptions were met (e.g., normality, homogeneity of error
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variances, etc.). An alpha level of 0.05 was used to determine statistical significance

for all tests.

The invertebrate community composition in clearcut and forest sites ‘was
compared on the two sampling dates for each experiment using correspondence
analysis (CANOCO, Centre for Biometry, Waginengen, the Netherlands). The total
biomass and total number of insects captured at each enclosure on the two sampling
dates for each experiment were analyzed using a multivariate analysis of covariance
(MANOVA) to determine if insect biomass and/or number differed by forest type

(clearcut/forest) and by sampling date.

Weather data (maximum and minimum temperatures, precipitation) were
summarized for each week of each experiment. Soil moisture was analysed using
analysis of variance (MIXED) to test for differences between clearcut and forest and the
effect of sampling date. Soil moisture percentages were arcsine square-root

transformed prior to analysis.

RESULTS
Environmental Variables

Juvenile Experiment '

Temperature loggers in enclosure pairs collected surface temperature data
between October 21%* 2003 and April 21%, 2004. Maximum and minimum weekly
temperatures were similar for forest and clearcut enclosures between October 215t
2003 and February 2", 2004 (Figure 5a). From February 3™ to April 21%, the clearcut
maximum weekly temperature was higher than that of the forest, while minimum
temperatures for both forest types remained similar. The highest surface temperature
recorded throughout the experiment was 21.7 °C in a clearcut enclosure (week of April

6" to 12" Figure 5a). During the same week, the highest temperature was recorded in
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a forest enclosure (14.4 °C; Figure 5a). The lowest surface temperature was recorded
in a forest enclosure (-5.8 °C; week of December 30" to January 5"). The lowest

temperature in a clearcut enclosure, -5.2 °C, was also recorded that week.

Maximum air temperatures were higher, and minimum air temperatures were
lower, than surface temperatures recorded in enclosures (Figure 5b). The highest air
temperature recorded throughout the experiment was 26 °C in the weeks of April 6" to
12" and April 27" to May 3. The lowest temperature was recorded in the week of

December 30" to January 5", and was —11.5 °C.

Precipitation varied widely from week-to-week throughout the experiment (Figure
6). Maximum weekly precipitation was 112 mm in the week of March 2" to 8" 2004.
Two weeks with no precipitation occurred during the experiment: April 6™ to 12", and
May 11" to 12" Most of the precipitation was attributed to rainfall; snow fell on 6 days

between December 27" and January 24"

Adult Experiment

Temperature loggers in enclosure pairs collected surface temperature data
between May 6, 2003 and November 24", 2004. The clearcut maximum weekly
temperature was higher than that of the forest throughout the experiment, while the
minimum weekly temperatures for both forest types were similar (Figure 7a). The
difference in maximum temperature between the clearcut and the forest between May
6" and November 39 2004 was 4.2 °C + 0.2 °C (S.E.). The highest surface
temperature recorded throughout the experiment was 29.0 °C in a clearcut enclosure
(week of July 22" to 28th; Figure 7a). During the same week, the highest temperature
was recorded in a forest enclosure (24.9 °C; Figure 7a). The lowest surface
temperature was recorded in a clearcut enclosure (1.7 °C; week of November 4" to

6. The lowest temperature in a forest enclosure, 2.1 °C, was recorded that same

week.




Maximum air temperatures were higher, and minimum air temperatures were
similar or lower, than surface temperatures recorded in enclosures (Figure 7b). The
highest air temperature recorded throughout the experiment was 35 °C in the week of
July 22" to 28", The lowest temperature was recorded in the week of November 18"
to 24" and was —1.0 °C.

Precipitation varied widely from week-to-week throughout the experiment (Figure

8). Maximum weekly precipitation was 118 mm in the week of August 19" to 25", 2004.
Three weeks with no precipitation, and seven weeks with less than 5 mm of
precipitation occurred during the experiment. All of the precipitation was attributed to

rainfall.

There was a significant effect of sampling date on enclosure soil moisture (F22¢ =
9.01, p = 0.0009). Soil moisture was significantly lower in both forest types during the
August sampling session (Figure 9a). There were no significant effects of forest type
(F120 = 0.92, p = 0.346), or the interaction between forest type and sampling date (F2 2o
= 0.60, p = 0.554). There was high variability in soil moisture in both forest types
during both the July and September sampling sessions (Figure 9a). When mean
percent soil moisture was considered (dashed lines in boxplots), soil moisture was
slightly higher in the forest treatment than clearcut treatment during the July sampling
session, and was higher in the clearcut treatment than the forest treatment during the

August and September sampling sessions.

Mean percent soil moisture varied between-sites in each forest type during all
three sampling sessions (Figure 9b). Within—site variability was higher in the July and
September sampling sessions than the August sampling session. During all three
sampling sessions, the highest mean percent soil moisture in forest sites occurred in
the K Forest site, and the highest mean percent soil moisture in clearcut sites occurred
in the K Clearcut site (Block 3). The E Forest site (Block 2) had the lowest mean
percent soil moisture during the July and August sampling sessions; the M Forest and

E Forest sites had a similar mean percent soil moisture dUring the September sampling
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session. The F Clearcut site (Block 1‘) had the lowest mean percent soil moisture in
clearcut sites during all three sampling sessions. Mean percent soil moisture was only
higher in the forest treatment than the clearcut treatment during the July sampling of
Block 1 and the August sampling of Block 3.

Juvenile Experimeht

Proportion Recaptured (Survival)

Fifty percent of the juveniles released into the enclosuresbwere recaptured (Table
3). Some juveniles were recaptured from all but one enclosure pair: no animals were
seen or captured throughout the course of the experiment within a forested enclosure
pair in the K forest site (Block 3; Table 3). After a severe rain event in late October
2003, a ground-level hole, through which animals could escape, was found in one wall
of one enclosure of the pair. A small tree fell over the dividing wall between the
enclosures, likely allowing animals to cross from the enclosure with intact walls to the
one with the hole in the wall. The hole in the wall was repaired and the tree removed,
but it is assumed that all of the animals escaped from both enclosures. Recapture data

from these two enclosures were not used in the proportion recaptured analyses.

Several animals were recaptured in the wrong enclosure (e.g., wrong food
treatment) of an enclosure pair in clearcut and forest sites (Table 3). There was no
significant effect of forest type (F16 = 0.34; p = 0.580), food level (F1¢ = 0.04; p = 0.852)
or the interaction between forest type and food level (F1s = 0.34; p = 0.580) on the
number of animals recaptured in the wrong enclosure. In clearcuts, three animals
moved from enclosures with supplemental food to enclosures with ambient food, and
two animals moved from enclosures with ambient food to enclosures with supplemental
food (total = 5). In the forest, three animals from enclosures with supplemental food
were recaptured in enclosures with ambient food, and five animals from enclosures
with ambient food were recaptured in enclosures with supplemental food (total = 8). It
is assumed that these animals crossed between enclosures through tunnels or burrows

passing under the dividing wall. Since it was not possible to determine how long these
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animals had been exposed to the wrong food treatment prior to capture, they were not
used in the analysis of the effect of forest type and food level on proportion recaptured.
However, since recapture of these animals does demonstrate survival in the forest type
throughout the course of the experiment, a separate analysis was done including these
animals. In this analysis, each enclosure pair was treated as one unit (e.g., food
treatments were combined), and the numbers of animals recaptured on both sides
were tallied (Table 3). An analysis of variance was done to test the effect of forest type

on proportion recaptured.

Several marked juveniles were recaptured during the adult experiment (after May
12" 2004; Table 3). Although recapture of these animals does demonstrate survival in
the forest type, they were not exposed to the same food treatment throughout the time
they were in the enclosures. (food was added to different enclosures in juvenile and
adult experiments; see Methods). Consequently, these animals were not considered in
the analysis of the effects of forest type and food level on proportion of juveniles
recaptured at the end of the experiment. These animals were considered in the

analysis of proportion recaptured in each enclosure pair (see above).

Juveniles recaptured in the correct enclosures

There was no significant effect of forest type (F164 = 0.34; p = 0.579), food level
(F1e.26 = 1.57; p = 0.255) or the interaction between forest type and food level (F16.26 =
0.11; p = 0.748) on the proportion of juveniles recaptured in the correct enclosures
between March 8" and May 12", 2004. There was a trend towards a greater proportion
recaptured in enclosures with ambient food compared to enclosures with supplemental
food for both forest types (Figure 10a). When mean recapture numbers (dashed lines
in box plots; Figure 10a) were considered for each treatment combination, slightly more
animals were recaptured in the forest treatment than the clearcut treatment for each
food treatment (forest-food = 39% recaptured; clearcut-food = 29% recaptured; forest-
ambient = 49% récaptured; clearcut-ambient = 44% recaptured). More animals were

recaptured in the clearcut with ambient food treatment than the forest with

supplemental food treatment (Figure 10a).
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There was high variability in the data for each treatment combination, as shown by
the spread between the 5" and 95™ percentiles (Figure 10a). The mean proportion
recaptured in each food treatment at each site was examined to determine the source
of this variability (Figure 10b). There was high between-site variability, but low within-
site variability, in proportion recaptufed for the forest with supplemental food and forest
with ambient food treatments. In the clearcut with supplemental food treatment, there
was high within-site and low between-site variability in proportion recaptured. In the
clearcut with ambient food treatment, there was high within-site and between-site

variability.

The effect of the food treatment on proportion recaptured varied at individual forest
sites, but was consistent at individual clearcut sites (Figure 10b). In forest sites, there
was a trend of higher proportion recaptured in one food treatment at each site, while in
clearcut sites, there was a consistent trend of higher proportion recaptured in the

ambient food treatment than the supplemental food treatment at each site.

There were no consistent trends between blocks in proportion recaptured (Figure
10b). In Block 1 (B1), there were higher mean proportions of juveniles recaptured in
enclosures with ambient food in both forest types. In Blocks 2 and 3 (B2, B3), there
was a trend towards an interaction between the food and forest treatments in mean
proportion of juveniles recaptured, with higher proportion recaptured in the forest with
supplemental food treatment compared to the forest with ambient food treatment, and
in the clearcut with ambient food treatment compared to the clearcut with supplemental

food treatment.

Juveniles recaptured in enclosure pairs

There was no significant effect of forest type on proportion recaptured when all
recaptures within an enclosure pair were considered (F1331 = 0.64; p = 0.477). There

was a trend towards a higher proportion of recaptured juveniles in the forest treatment

compared to the clearcut treatment (Figure 11a).
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The mean proportion recaptured in each site was examined to determine the
sources of variability in the data (Figure 11b). There was high within- and between-site
variability in the proportion of juveniles recaptured in enclosure pairs in the forest and
clearcut treatments. There were no consistent trends between blocks in proportion
recaptured in the two forest treatments (Figure 11b). ‘

Weight Change (Growth)

Juveniles recaptured in the correct enclosure between March 8" and May 12",
2004 were used in the analysis of the effects of forest type and food level on juvenile
weight change between the bgginning and end of the experiment (Table 4). There
were no significant effects 6f forest type (F1350 = 5.84; p = 0.081), food level (Fq 109 =
2.61; p = 0.109), or the interaction between forest type and food level (F1 109 = 3.07; p =
0.0827) on the weight change of juvenile northwestern salamanders. Forest type and
the interaction between forest type and food level had a nearly significant effect on

juvenilé weight change.

On average, animals lost weight throughout the experiment in each forest type —
food level combination (mean < 0; Figure 12a). When mean weight change was
considered for each treatment combination (dashed lines in box plots; Figure 12a),
animals in the cleardut with supplemental food tended to lose less weight than animals
in the other treatments (clearcut-food = 0.7% Mean weight loss; forest-food = 10.2%
mean weight loss; forest-ambient = 9.6% mean weight loss; clearcut-ambient = 7.8%
mean weight loss). There was little difference between the mean weight change of
animals in the forest with supplemental food and the forest with ambient food

treatments.

Mean weight change in each food treatment at each site was examined to
determine sources of variability in the data (Figure 12b). There was between-site
variability in mean weight change in all forest type — food level combinations. In most

of the sites, some animals in each food treatment gained weight throughout the course
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of the experiment (Table 4; Figure 12b). The exception was the K Clearcut site with
ambient food, where all 9 recaptured animals lost weight throughout the experiment
- (Table 4). The F Clearcut site with supplemental food was the only site and food
treatment where animals had a mean weight gain throughout the experiment (Figyure
12b).

There were no consistent trends in weight change between blocks (Figure 12b).
In Blocks 1 (B1) and 2 (B2), animals had the highest mean weight loss in both forest
food treatments, and the lowest mean weight loss in the clearcut with supplemental
food treatment. In Block 3 (B3), animals had the lowest mean weight loss in the
supplemental food treatment in the forest and clearcut, and the highest mean weight

loss in the forest with ambient food treatment.

Effects of density on weight change

Weight change results were contrasted with the proportion of juveniles recaptured
in each treatment Combination and site to determine if there was an effect of density on
weight change. The lowest mean weight loss was obtained in the treatment
combination with the lowest mean proportion recaptured (clearcut-food; Figure 10a and
Figure 12a). There were no consistent trends between weight change and proportion
recaptured when food treatments were considered for each site (Figure 10b and Figure
12b). In forest enclosures with supplemental food, the highest mean weight loss and
the highest mean proportion recaptured were observed in the same site (E Forest). In
contrast, in forest enclosures with ambient food and in clearcut enclosures with
supplemental food, the fowest mean weight loss and the highest mean proportion
recaptured were obtained in the same site'(K Forest and F Clearcut). In clearcut
enclosures with ambient food, the lowest mean weight loss and the lowest mean

proportion recaptured were obtained in the K10 Clearcut site.
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Adult Experiment

Proportion Recaptured (Survival)

Thirty-six percent of the adults released into the enclosures were recaptured
(Table 6).' In four enclosure pairs, adults were recaptured on both sides of the
enclosure pair at the end of the experiment (Table 6). In eight enclosure pairs (3 in
forest, 5 in clearcut), no adults were recaptured at the end of the experiment in at least
one of the enclosures (Table 6). There was no significant effect of forest type (F1g =
1.00; p = 0.347), food level (F1s = 1.00; p = 0.347) or the interaction between forest
type and food level (F1g = 1.00; p = 0.347) on the number of enclosures with zero
recaptures between August 27" and November 24" 2004. Adults were not captured
or observed in these enclosures after May 31, 2004 (~3 weeks after start of
experiment), and in two cases, adults were not captured or observed in either side of
an enclosure pair 'afte'r'May 31, 2004 (1 forest, 1 clearcut enclosure pair; Table 6). In
all other cases where there were no recaptures in an enclosure, adults were captured
or observed in one enclosure of an enélosure pair, but not the other. Since it was not
possible to determine whether a lack of recaptures was due to a treatment effect or
whether it was due to escapes from the enclosures (possibly throug‘h underground
tunnels), the analyses of proportion recaptured were done in two different ways: first,
using data from every enclosure, and second, using daté from enclosures from which
at least one animal was recaptured at the end of the experiment (omission of
enclosures from which animals were not observed or recaptured between August 27"
and November 24" 2004; Table 6). |

In contrast to the juvenile expefiment, recapture of an adult in the wrong enclosure
at the end of the experi-ment occurred only once in a clearcut enclosure pair and three
times in forest enclosure pairs (Table 6). In three cases, an animal moved from an
enclosure with ambient food to one with supplemental food (once in clearcut treatment
and twice in forest 'treatmen’.t), and in one case, the animal moved from an enclosure
with supplemental food to one with ambient food (forest treatment). These animals

were not used in the analyses of the effects of forest type and food level on proportion
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recaptured. However, since recapture of these animals does demonstrate survival in
the forest type throughout the course of the experiment, a separate analysis was done

for each enclosure pair to include these animals (see Juvenile Experiment above).

Several adults were found during manual searches of the enclosures at the
beginning of February and April 2005. In forest enclosures, nine animals were found

that had been captured at some point in fall 2004, but were not removed from the

~enclosures at the end of the experiment. No animals that had been captured in fall

2004 were found during manual searches in clearcut enclosures. Five animals were
found in forest enclosures, and four animals were found in clearcut enclosures, that
had not been captured between August 27" and November 24" 2004 (Table 6).
These animals survived longer than the duration of the experiment, and demonstrated
survival in the forest type. However, since they were not eprsed to the food treatment
for the duration of their time in the enclosure (the food treatment ended on November
24™ 2004), these animals were only included in the proportion recaptured analysis for

enclosure pairs (see above).

Adults recaptured in the borrect en(:losure.' all enclosures

There was a significant effect of forest type on the proportion of adults recaptured

in all enclosures between August 27" and November 24 2004 (F120 = 5.01; p

0.037). Significantly more animals were recaptured in the forest treatment (mean
45% recaptured) than the clearcut treatment (mean = 13% recaptured). There were no
significant effects of food level (Fq29 = 0.20; p = 0.662), or the interaction between

forest type and food level (F120 = 0.25; p = 0.622) on the proportion of adults

- recaptured. When mean recaptures were examined for each treatment combination

(dashed lines in box plots; Figure 13a), an equal proportion were recaptured in the
forest with supplemental food and ambient food treatments (45% recaptured), and
there was a trend of a higher proportion recaptured in clearcut enclosures with
supplemental food (16% recaptured) compared to ambient food (10% recaptured).
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There was high variability in data for each treatment combination due to the
number of enclosures with zero recaptures at the end of the experiment (Figure 13a).
No animals were recaptured from the E Forest and K Forest sites with supplemental
food, the M Forest and E Forest sites with ambient food, the F Clearcut and K Clearcut
sites with supplemental food, and the F Clearcut and K Clearcut sites with ambient food
(Figure 13b).

Adults recaptured in the borrect enclosure: enclosures with 2 1 animal recaptured

When enclosures with zero recaptures between August 27" and November 24",
2004 were omitted from the ahalysis, there were significantly more animals recaptured
in the forest enclosures than the clearcut enclosures (F110 = 23.83; p < 0.001; Figure
14a), and no significant effect of food level (F4 1, = 0.06; p = 0.806), or the interaction
between forest type and food level (F110 = 0.01; p = 0.932) on proportion of adulté
recaptured. When mean recaptures were examined for each treatment combination
(dashed lines in box plots; Figure 14a), there was a trend of a slightly higher proportion
recaptured in clearcuts with the ambient food treatfnent (29% recaptured) compared to
the supplemental food treatment (25% recaptured). The same mean proportions of

animals were recaptured from each food treatment in the forest (68% recaptured).

Comparisons of within-site variability were not possible after omitting enclosures
with <1 recapture, as means for food treatments could not be calculated for most sites
(Figure 14b).  This also precluded comparisons of mean weight change between
blocks. However, if the proportion recaptured in each site — food treatment for each
block are compared (using mean proportion recaptured when possible), there was a
consistent trend across all bIoIcks of higher proportion recaptured in forest sites. There
were no consistent trends in proportion recaptured in the different food treatments in
each block (Figure 14b):. in some cases, a higher proportion of animals were
recaptured in ambient food enclosures (Block 1 clearcut, Block 2 forest), while in
others, a higher proportion were recaptured in supplemental food enclosures (e.g.,
Block 1 forest, Block 2 clearcut, Block 3 forest and clearcut).
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Adults recaptured in enclosure pairs

There was a significant effect of forest type on propdrtion of adults recaptured
when all recaptures within an enclosure pair were considered (F1s = 8.35; p = 0.020),
with a significantly higher proportion of adults recaptured in the forest treatment (63%
recaptured) than the clearcut treatment (23% recaptured; Figure 15a).  There was high
between-site variability in proportion recaptured for both forest types (Figure 15b), and

high within-site variability for some sites (e.g., K Forest).

Mean proportions recaptured in enclosure pairs were compared for the forest

‘treatments in each block (Figure 15b). In all three blocks, a higher proportion of adults

were recaptured in the forest treatment than the clearcut treatment.

Weight Change (Growth)
Adults recaptured in the correct enclosure between August 27" and November
24™ 2004 were used in the analysis of effects of forest type and food level on adult

'weight change between thé beginning and end of the experiment (Table 7). There

were no significant effects of forest type (F1e67 = 1.57; p = 0.253), food level (F1 573

0.00; p = 0.951), or the interaction between forest type and food level (F1575 = 1.92; p

0.217) on the weight change of adult northwestern salamanders.

Most adults experienced a mean weight loss throughout the experiment. When the
mean weight change was considered for each treatment combination (dashed lines in

- box plots; Figure 16a), animals in the clearcut with supplemental food treatment had

the highest mean weight loss (21.4%), while those in the forest with supplemental food
treatment had a slight (1.5%) mean weight gain throughout the experiment. Mean
weight loss was similar for animals in the forest with ambient food (11.2% mean weight

loss) and clearcut with ambient food (9.3% mean weight !oés) treatments.

There was high variability in data for some of the treatment combinations, as

~ shown by the spread between the 10" and 90™ percentiles (e.g., Forest-food, Clearcut-

ambient; Figure 16a). Mean weight change in each food treatment at each site was
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examined to determine the sources of this variability (Figure 16b). In all forest type —
food treatment combinations, there was high }between-site variability in mean weight
change. In forest sites with supplemental food, there were differences in the number of
animals from each site that gained weight throughout the experiment: in the M Forest
site, only one of the 9 recaptured animals lost weight throughout the experiment, while
in the K Forest site, all recaptured animals lost weight (Table 7). In the forest with
ambient food treatment, and in both food treatments in clearcuts, most animals lost
weight, but there was high variability in the amount of weight they lost (Table 7).

Sample sizes were very low for clearcut sites, which contributed to high variability.

Mean weight change was compared between the forest and food treatments within
each block to determine whether trends were consistent within blocks (Figure 16b). In
Blocks 1 (B1) and 2 (B2), animals had the lowest mean weight loss (or a mean weight
gain) in forest Ienclosures with supplemental food, and a mean weight loss in all other
enclosures. The highest mean weight loss in these blocks occurred in clearcut with
supplemental food treatment. In Block 3 (B3), mean weight loss was slightly higher in
forest enclosures- with supplemental food compared to forest enclosures with ambient
food, and was highest in clearcut enclosures with ambient food. Mean weight loss was
similar for animals in forest enclosures with ambient food and clearcut enclosures with

supplemental food.

Effects of density on weight change

Weight change results were contrasted with the proportion of adults recaptured
(enclosures with 21 recapture only) to determine if there was an effect of density on
weight change. A mean weight gain was obtained in the treatment combination with a
high mean proportion of adults recaptured (forest-food; Figure 13a and Figure 16a).
The highest weight loss was obtained in the treatment combination with a low
proportion recaptured (clearcut-food). There was an opposite relatiohship between
weight change and proportion recaptured in forest and clearcut sites (Figure 13b and
Figure 16b): in forest sites, the lowest weight loss (or weight gain) was observed in the

forest sites with the lowest proportion recaptured (M Forest Food, M Forest Ambient),
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while in clearcut sites, the lowest mean weight loss was observed in sites with a high

proportion recaptured (K Clearcut Food, F Clearcut Ambient).
Invertebrate Sampling

Juvenile Experiment

Number of Trapped Invertebrates

There were no significant effects of forest type (F1 40 = 0.05, p = 0.832), sampling
session (Fy40 = 0.68, p = 0.413), or the interaction between forest type and sampling
session (F140 = 0.96, p = 0.333) on the number of invertebrates trapped (all Orders)
during the juvenile experiment. When mean numbers of trapped invertebrates were
considered (dashed lines in box plots; Figure 17a), there was a trend of a higher mean
number of invertebrates trapped in the forest treatment than the clearcut treatment in
December, and a higher mean number of invertebrates trapped in the clearcut than the
forest in February. There was high variability in the data for both forest types during the

February sampling session.

Mean number of invertebrates trapped in each site during each sampling session
was examined to determine the sources of variability in the data (Figuré 17b). There
was low between-site variability in mean number of invertebrates trapped in the forest
treatment when compared to the clearcut treatment during the December sampling
session. During the February sampling session, there was high within- and between-

site variability in mean number of invertebrates trapped in both forest types.

Trends in mean number of invertebrates trapped were consistent within blocks for
both sampling sessions, but were different between blocks. (Figure 17b). In Block 1
(B1), there was a higher mean number of trapped invertebrates in the clearcut
treatment than the forest treatment during both sampling sessions. In Blocks 2 (B2)
and 3 (B3), there were higher mean numbers of trapped invertebrates in the forést

treatment than the clearcut treatment during both sampling sessions.
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Correspondence analysis of the number of invertebrates captured during the
juvenile experiment showed that there was a lot of overlap in samples from both forest
types, but there was some separation of samples by sampling date (Figure 18a).
‘When the invertebrate Orders were. considered, it appears that a higher number of
Collembola and Gastropoda were captured during the February sampling session,
while a higher number of Haplotaxida, Acari, Isoptera, Coleoptera, Lepidoptera, and

Diptera were captured during the December sampling session (Figure 18b).

Biomass of Trapped Inveriebrates

There was a significant effect of the interaction between forest type and sampling
session (F440 = 5.11, p = 0.029) on biomass of invertebrates trapped (all Orders) during
the juvenile experiment. There was a significantly higher biomass of trapped
invertebrates in the forest treatment than the clearcut treatment during the December
sampling session, and a higher biomass of trapped invertebrates in the clearcut
treatment than the forest treatment in the February sampling session (Figure 19a). -
There were no significant effects of forest type (F140 = 0.20, p = 0.653) or sampling
session (F140 = 0.17, p = 0.686) on the biomass of trapped invertebrates. There was
high variability in the data for the forest treatment during the December sampling
session and for the clearcut treatment during the February sampling session (Figure
19a).

Trends in invertebrate biomass between sites within forest types were consistent
across sampling sessions (Figure 19b). In the forest treatment, the highest biomass of
trapped invertebrates was obtained in the M Forest site, and the lowest in the K Forest
site, for both sampling sessions. In the clearcut treatment, the highest bidmass was
obtained in the F Clearcut site, and the lowest in the K Clearcut site, for both sampling

sessions.

There were some consist_ent trends in mean biomass of trapped invertebrates
within- and between blocks for the two sampling sessions (Figure 19b). In Block 1 (B1)
and Block 2 (B2), there was a higher biomass of trapped invertebrates in the forest
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treatment than the clearcut treatment during the December sampling session, and a
higher biomass in the clearcut treatment than the forest treatment in the February
sampling session. In Block 3 (B3), there was a higher biomass of trapped invertebrates
in the forest treatment than the clearcut treatment during both sampling sessions. The
biomass of trapped invertebrates was higher in Block 1 than Blocks 2 or 3 for both

forest types and sampling sessions.

Correspondence analysis of the biomass of invertebrates captured during the
juvenile experiment showed that there was a lot of overlap in samples from both forest
types and sampling sessions (Figure 20a). Consequently, no trends in biomass of

Orders in the different forest types or sampling sessions can be determined (Figure
20b).

- Trends in Number and Biomass of Invertebrates

Trends in mean number of trapped invertebrates and mean biomass of trapped
invertebrates were similar for each forest type and sampling session (Figure 17a and
Figure 19a). A higher mean number and mean biomass of trapped invertebrates was
obtained in the forest treatment during the December sampling session, and in the
clearcut treatment during the February sampling session. However, when individual
sites were considered, this relationship between high number captured and high
biomass did not always hold (Figure 17b and Figure 19b). For example, in forest sites
sampled during December, the lowest mean number and highest mean biomass of

trapped invertebrates was obtained in the M Forest site.

Although the invertebrate samples differed in number of captured invertebrates for
the two sampling sessions (Figure 18a), the samples did not differ in biomass of
captured invertebrates on the two sampling sessions (Figure 20a). This indicates that,
although there might have been fewer invertebrates captured in one of the sampling
sessions,'the_ Orders that were captured had high biomass. In the other Sampling
session, a higher number of invertebrates were captured, but the Orders that were

captured had lower biomass.
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Adult Experiment

Number of Trapped Invertebrates

There was a significant effect of sampling session on the number of invertebrates
(all Orders) trapped during the adult experiment (F1 40 = 4.81, p = 0.034). A significantly
greater number of invertebrates were trapped in both forest types during the first
sampling session (June; mean number trapped in forest = 84.7, clearcut = 91.5) than
the second sampling session (August; mean number trapped in forest = 66.1, clearcut
= 62.8) (Figure 21a). There were no significant effects of forest type (F140 = 0.03, p =
0.873) or the interaction between forest type and session (Fy40 = 0.22, p = 0.642) on
the number of trapped invertebrates. The mean number of trapped invertebrates was
similar between forest and clearcut treatments in each sampling session (dashed lines
in box plots; Figure 21a). There was high variability in the data from the clearcut

treatment during the June sampling session.

Mean number of invertebrates trapped in each site during each sampling session
was examined to determine the sources of variability in the data (Figure 21b). There
was higher between-site variability in mean number of trapped invertebrates in the
clearcut treatment compared to the forest treafment during the June sampling session.
There was high within-site variability in mean number of trapped invertebrates in the
K10 Clearcut site during the June sampling session. During the August sampling

session, there was between-site variability in both forest types.

There were some consistent trends in mean number of trapped invertebrates
within- and between blocks for the two sampling sessions (Figure 21b). In Block 1 (B1)
and Block 2 (B2), a higher mean number of trapped invertebrates were obtained in the
clearcut treatment than the forest treatment during both sampling sessions.
Conversely, in Block 3 (B3), a higher mean number of trapped invertebrates was
obtained in the forest treatment than the clearcut treatment during both sampling

sessions.
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_ Correspondence analysis of the number of invertebrates captured during the adult
experiment showed some separation of the forest types and the sampling sessions

(Figure 22a). When the invertebrate Orders were considered, a higher number of

- Diplopoda, Collémbola, Acari, Lepidoptera and Coleoptera were captured in forest

sites, while more Chilopoda, Diptera, Isoptera, Araneae, Gastropoda, Haplotaxida and
Hymenoptera were captured in clearcut sites (Figure 22b). In addition, more
Lepidoptera, Orthoptera, and Chilopoda were captured during the August sampling
session, while more Collembola, Pulmonata, Acari and Hymenoptera were captured

during the June sampling session (Figure 22b).

Biomass of Trapped Invertebrates

There was a significant effect of forest type (F140 = 19.18, p < 0.0001) on the
biomass of invertebrates (all Orders) trapped during the adult experiment. There was a
significantly lower biomass of trapped invertebrates obtéined in the clearcut treatment
than the forest treatment during both sampling sessions (Figure 23a). There were no
significant effects of sampling session (F1;4o = 0.48, p = 0.500) or the interaction
between forest type and sampling session (F 40 = 1.84, p = 0.182) on the biomass of

“trapped invertebrates. There was high variability in the data for both forest types

sampled in June, and for the forest treatment sampled in August.

There were some trends within- and between blocks in mean biomass of trapped
invertebrates (Figure 23b). In all three blocks, there were higher mean biomasses of
trapped invertebrates in the forest treatment than the clearcut treatment during both
sampling sessions. During the June sampling session, the mean biomass of trapped
invertebrates was higher in Blobk 1 than Blocks 2 or 3 for both forest types; during the
August sampling session, the mean biomass of trapped invertebrates was higher in
Block 3 than Blocks 1 or 2. |

Correspondence analysis of the biomass of invertebrates captured during the adult
experiment showed some separation of the forest types, but overlap of sampling
sessions (Figure 24a). When the invertebrate Orders were considered, a higher
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biomass of Orthoptera, Collembola, Lepidoptera and Coleoptera were captured in
forest sites, while a higher biomass of Gastropoda, Haplotaxida, Hymenoptera,

Araneae, Diptera, Ispotera and Chilopoda were captured in clearcut sites (Figure 24b).

Trends in Number and Biomass of Invertebrates

There were no consistent trends in mean number and mean biomass of trépped
‘invertebrates for each forest type and sampling session (Figure 21a and Figure 23a).
The mean numbers of trapped invertebrates were similar for both forest types in each
sampling session, While the biomass was significantly lower in the clearcut than the
forest for both sampling sessions. In some cases, the number and biomass of
invertebrates captured corresponded (e.g., K Clearcut — June sampling session; K
Forest — August sémpling session; Figure 21b and Figure 23b). In other cases, the
highest biomass and lowest number of invertebrates (or vice versa) were obtained in
the same site (e.g., M Forest — June sampling' session; K Forest — June sampling

} session; K Clearcut — August sampling session; Figure 21b and Figure 23b).
Although the invertebrate samples differed in number of captured invertebrates for

| the two sampling sessions and the two forest types (Figure 22a), the samples did not
) differ in biomass of captured invertebrates for the two sampling sessions (Figure 24a).
As with the juvenile experiment, this indicates that, although there might have been
fewer invertebrates captured in one of the sampling sessions, the Orders that were

captured had high biomass.

DISCUSSION

We found a significant effect of forest type on the survival of adult northwestern
salamanders, with significantly lower survival in clearcut enclosures. This result
suggests that mortality of adult northwestern salamanders in clearcuts in summer is
significantly higher than in forested areas, which could have long-term implications for
the species’ population viability in clearcut habitats. Neither forest type nor food
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supplementation affected the growth or survival of juvenile northwestern salamanders
throughout the experiment. Forest type and food supplementation also did not

significantly affect the growth of adults throughout the experiment.

Juvenile Experiment — Winter Conditions

Harvested areas are frequently considered challenging environments for
amphibians due to increased soil and surface temperatures and decreased soil and air
moisture, which results in high evaporative water loss of 'amphibians (Heatwole and
Lim 1961, Jaeger 1971, Rothermel and Semlitsch 2002, Mazerolle and Desrochers
2005). These environmental conditions do not apply to harvested areas during winter
(December — March) in the Pacific Northwest, which is when the juvenile experiment
took place. Although minimum surface temperatures do drop below 0°C at times
during Pacific Northwest winters, prolonged periods of temperatures below 0°C are
uncommon. Rain is frequent during fall, winter, and spring'in the Pacific Northwest.
Snowfall is relatively rare during winter. Consequently, during periods of activity (e.g.,
when temperature permits), amphibians are not at risk of evaporative water loss in
harvested areas in fall, winter or spring in the Pacific Northwest. Therefore, harvested
areas may not have provided a physiologically unsuitable habitat for juveniles
throughout this experiment, resulting in no effect of forest type on survival or growth of

juveniles.

Since this experiment took place during winter, it is possible that many individuals
were relatively inactive for much of the experiment. In fall, juvenile northwestern
salamanders move away from breeding ponds and settle in forested areas, where they
over-winter in underground burrows. Winter is a time of relative inactivity for many
temperate amphibian species. Air temperatures, especially in northern areas (e.g.,
Pacific Northwest), typically reach low levels in winter (<1°C), and may often be below
the “activity temperature range” of many ectotherms (Pough 1980). No juveniles were
-observed on the surface for several weeks in late December and early January when

minimum surface temperatures dropped well below 0 °C. Observations of juveniles
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increased with increasing temperature, with juveniles regularly observed when

maximum temperatures in the forest and clearcut approached close to 10 °C.

Oxygen consumption and metabolic demands of inactive amphibians are low .
(Duellman and Trueb 1994). If low metabolic demands and inactivity during cold
weather periods prevented surface activity for a high proportion of juveniles for several
months of the experiment, many juveniles may not have accessed the supplemental
food added weekly to feeding trays. Most mealworms on feeding trays did disappear
between weekly food additions, but it is possible that other organisms in the enclosures
(e.g., deer mice, possibly banana slugs) consumed them. Juveniles may have fed on
prey encountered in burrows and under logs, which would have been equivalent in
‘supplemental food and ambient food enclosures. This could have resulted in no

perceived effect of food supplementation on survival or growth of juveniles.

Adult Experiment - Summer Conditions

In summer, amphibians in harvested areas may experience high evaporative
water loss due to the increased surface and soil temperatures and decreased soil ahd
air moisture associated with canopy removal (Heatwole and Lim 1961, Jaeger 1971,
Rothermel and Semlitsch 2002, Mazerolle and Desrochers 2005). This may lead to
desiccation and mortality of amphibians in harvested areas. During the adult
experiment, maximum weekly surface temperatures (daytime temperatures) between
May and September were 4 - 6°C higher in clearcut enclosures than forest enclosures.
Minimum weekly surface temperaturés (night-time temperatures) were approximately
equal in clearcut and forest enclosures, and were as much as 15°C cooler than
maximum weekly temperatures. How temperature stabilized with increasing depth
underground, and hbw deep salamanders had to burrow to avoid high surface
temperatures, is not known. Salamanders in clearcuts may have had to move to
. deeper burrows during daytime to avoid the higher surface temperatures. This méy
have resulted in greater energy expenditure for salamanders in clearcuts compared to
those in forest sites if longer daily movements were required to ensure exposure to

suitable temperatures.
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N.o significant differences were observed in soil moisture between clearcut and
forest enclosures on any sampling date, but there were trends towards higher mean

soil moisture in clearcut enclosures than in forest enclosures during the August and

September sampling sessions. Clearcut enclosures had a higher percentage of shrub

and downed wood cover than forest enclosures, which may have minimized soil
moisture loss. If soil moisture was similar in both forest types, salamanders foraging on
the surface at night, when temperatures in the two forest types were similar, may not
have experienced greater evaporative water loss in clearcut than forest enclosures.
Therefore, desiccation stress does not appear to ‘explain the significant effect of forest

type on survival of adults.

The dry surface conditions during summer in both forest types may have

reduced salamander surface activity for much of the experiment. Dry conditions may

force individuals to depend on underground, moist refugia, which may reduce foraging

time (Jaeger 1980a, Dupuis et al. 1995). In summer, salamanders in both forest types
may have been dependent on precipitation for surface movements due to dry
conditions (Dupuis et al. 1995, Johnston and Frid 2002). There were low amounts of
rainfall between mid-June and mid-August (<20 mm per week; 6 weeks with <5 mm),
which may have negatively affected foraging ébility. Consequently, salamanders in
both forest types may not have accessed the supplemental food often enough
throughout the experiment, which may have resulted in no significant effect of food

supplementation on survival or growth of adults.

Due to the reduced survival of adults in clearcut enclosures, the density of animals

in clearcut enclosures would have been lower than that in forest enclosures. If

- conditions (food availability and ability to forage effectively) were similar in forest and

clearcut enclosures, then this reduced density in clearcut enclosures might have been
expected to result in better performance (e.g., lower weight loss or greater weight gain)

for surviving animals in clearcut enclosures. Since this was not the case, there is

38




evidence that clearcut enclosures in summer did not provide equivalent habitat to forest

enclosures.

Relation to Invertebrate Sampling Results

During the juvenile experiment, there was a significant effect of the interaction
between sampling date and forest type on invertebrate biomass, with a higher biomass
of invertebrates captured in the clearcut treatment compared to the forest treatment
during the February sampling session. HoweVer, this higher biomass of captured
invertebrates in clearcuts late in the juvepile experiment, at a time of year when
juveniles are expected to have been active above-ground, did not affect growth of
- juveniles. This could indicate that ambient invertebrate biomasses in both forest types
were below the threshold required to affect growth of juvenile salamanders. In other
words, juvenile salamanders i'nay have been food limited in both forest types.
Alternatively, it could indicate that juveniles were not food limited in either forest type in
winter: food may have been so abundant in both forest types that the higher biomass of
invertebrates in clearcuts late in the experiment did not have any effect on juvenile
growth. ”

The most likely explanation for the lack of relationship between the invertebrate
sampling results and 'the juvenile growth results is that the invertebrate sampling data
does not reflect available prey for juvenile northwestern salamanders. Some
invertebrate Orders, or life stages of Orders, were likely undersampled due to the
movement bias inherent in pitfall trapping. There has been little research on the diet of
terrestrial northwestern salamanders, although they are assumed to eat a wide variety
of terrestrial invertebrates (Nussbaum et al. 1983). Other ambystomatid salamanders
have been doéumented consuming snails, adult beetles and invertebrate larvae
(Bellocq et al. 2000). It is possible that northwestern salamanders primarily feed on
soft-bodied invertebrates such as slugs, worms, and larvae that they encounter in and
around burrows and downed wood. No larval invertebrates were found in any of the
invertebrate pitfall samples, indicating that such organisms were not sampled

adequately. Therefore, it is possible that there was no difference between clearcuts and
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forest in the biomass of prey items preferred by juvenile northwestern salamanders,

which resulted in no effect of forest type on growth of juveniles.

The biomass of invertebrates captured in clearcut sites during the adult
experiment was significantly lower than in forest sites, although numbers were not
significantly different. This indicates that smaller invertebrate species were captured in
the clearcuts. The results of our correspondence analysis generally supports this, with
heavier species such as Coleoptera, Lepidoptera and Orthoptera captured in forest

sites.

There are a number of possible explanations for why the lower biomass of

invertebrates in clearcuts did not result in increased weight loss of salamanders in that

forest type. As above, it is possible that adult salamanders were not food limited in
forest or clearcut sites. It is also possible that adults were food limited in clearcuts, and
that those individuals unable to compete adequately for food resources perished. The
subsequent reduction in dénsity in the clearcut enélosures may have meant that
remaining salamanders had equivalent food resources to salamanders in the forest
treatment. However, as above, the most likely explanation for the lack of relationship
between the invertebrate 'sampling results and the adult growth results is that the pitfall
traps did not sample some invertebrate Orders, or life stages of Orders, that adult
northwestern salamanders consume. Few slugs, and no larval invertebrates, were

found in any of the invertebrate pitfall samples collected during the adult experiment.

Comparisons with Previous Studies

Few studies have examined the effects of harvested areas on amphibians during .
the winter. Many studies in eastern North America (Pough et al. 1987, Petranka et al.
1993, Petranka et al. 1994, deMaynadier and Hunter 1998, Harpole and Haas 1999,
Cromer et al. 2002, Knapp et aI.‘2003) and western North America (Dupuis et al. 1995,
Cole et al. 1997, Davis 1998, Naughton et al. 2000, Matsuda and Richardson 2005),
sampled amphibians during the summer, sometimes in addition to fall and spring

sampling. A negative effect of harvested areas on amphibian abundance and diversity
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was found for all studies that included summer sampling. Sampling for our juvenile
experiment was limited to the spring, and we found no effects of harvested areas on
juvenile survival. Other studies in the Pacific Northwest in which sampling did not
occur in summer (sampling in fall and/or spring) have had mixed results. Several
' studies.found negative effects of forest harvesting on amphibian abundance and
diversity (Bury 1983, Aubry 2000, Grialou et al. 2000), while others found no effect
(Maxcy 2000, Biek et al. 2002). The reduced abundance (survival) of adults in clearcut
enclosures in our experiment appears to agree with previously published studies in

which sampling was conducted in summer.

One hypothesis for the observed reduced abundance and diversity of amphibians
in harvested areas in many studies is that amphibians move out of clearcuts due to a
reduction in habitat suitability (emigration hypothesis). Therefore, it might be argued
that retaining animals in field enclosures prevents a natural response to harvested
areas (Chazal and Niewiarowski 1998). Although microhabitat preferences and
selection by amphibians have been documented (Taub 1961, Jaeger 1971, 1980b,
Davis 1998, Bille 2000, Grovér and Wilbur 2002), it is not known if amphibians respond
to distant habitat cues from nearby éuitable habitat (Rothermel 2004). Radio-tagged
coastal giant salamanders (Dicamptodon tenebrosus) responded to clearcuts by
spending more time Undergroun_d, reducing home range size, and restricting movement
to precipitation events, but they did not appear to move out of clearcuts to adjacent
forest (Johnston and Frid 2002). Maxcy (2000) found that movement distances and
movement rates of northwestern salamanders and ensatinas in clearcut and forest
sites were not significantly different, and there were no trends of animals in clearcuts
moving in the direction of the forest. Therefore, we would argue that salamanders in
the Pacific Northwest do not respond to clearcuts by movihg to adjacent forest, and that
salamanders in our field enclosures responded to clearcuts in a similar way as free-

ranging salamanders.

Field enclosures have been used before to study of the effects of forest harvesting

on ambystomatid salamanders. Chazal and Niewiarowski (1998) used field enclosures

41



in one clearcut and one forest site to 'study the effects of forest harvesting on juvenile
mole salamanders (Ambystoma talpoideum) in a dry loblolly pine-dominated stand in
the southeastern United States. As in our juvenile experiment, they found no
significant differences between forest treatments for apparent salamander survival
~rates or final body mass (Chazal and Niewi.arowski'1998). Differences in moisture level
and temperature between clearcuts and forest are likely more pronounced in the
southeastern United States when compared to the Pacific Northwest. However, both
experiments took place during winter, when temperature and moisture differences
‘between clearcuts and forest were not as extreme as during summer, even in the

southeastern United States (Chazal and Niewiarowski 1998).

Many studies in the eastern United States that have reported a negative effect of
harvesting on amphibians have focussed on salamanders from the family
Plethodontidae (Petranka et al. 1993, Petranka et al. 1994, Ash 1997, Harpole and
Haas 1999, Knapp et al. 2003). It is possible that plethodontids méy be more sensitive
than some other amphibian taxa to habitat changes associated with harvesting due to
their small home ranges and limited dispersal ability (Welsh Jr. and Droege 2001). In a
review of 15 studies, deMaynadier and Hunter (1995) found that plethodontids were
captured a median of 5 times more often in control stands than clearcut stands. In
comparison, anurans were captured a median of 1.7 times more often in control stands
(9 studies) (deMaynadier and Hunter 1995). Therefore, the results of our experiments
should be extrapolated to other salamander families with caution (see Management

Implications).

Unanswered Questions and Limitations

In the juvenile experiment, there was no significant effect of forest type or food
treatment on survival, although there was a trend of higher survival in ambient food
treatments in both forest types. This result might have been an artefact of the trapping
methods used (pitfall traps and cover boards). Captures under cover boards and in’
pitfall traps are biased towards animals that are moving around on the surface. In

ambient food treatments, it is possible that animals had a higher frequency or longer
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distance of movement while foraging, resulting in them being captured in pitfall traps

.and under cover boards more frequently. Rohr et al. (2004) found that food limitation

caused increased activity of larval streamside salamanders (Ambystoma barboury).
However, if this trend were due to a movefnent bias, then we would have expected to
capture more juveniles during the adult experiment in the enclosures that had
supplemental food during the juvenile experiment. However, during the adult
experimeht, equal numbers of juveniles were recaptured in both food treatments in the
forest treatment (supplemental food = 7 animals; ambient food = 7 animals), and
roughly equivalent numbers were recaptured in both food treatments in the clearcut
treatment (supplemental food = 12 animals; ambient food = 9 animals). Therefore, the

trend of a lower apparent survival rate of juveniles in the supplemental food treatments

does not appear to be an artefact of the trapping method.

The significant effect of forest type on adult survival could have also been an
artefact of the trapping methods used. Few adults in clearcut or forest enclosures were
captured in corner pitfall traps at the énd of the experiment; most were captured under
cover boards at feeding stations, or under the cover board of corner pitfall traps.
Animals that have been in the enclosures for an extended period of time may learn the
locations of pitfall traps, and not fall in them as often. |If there is ample natural cover
available in the enclosure (e.g., in clearcuts), frequency of use of cover boards might

be expected to be lower than in areas with little natural cover. Therefore, even if

" salamanders were equally active aboveground in both clearcut and forest enclosures,

they might be captured more often under cover boards in forest enclosures due to
lower percentages of downed wood and shrub cover available for refuge. It is possible
that this same effect was not observed during the juvenile experiment due to the

absence of heat and evaporative stressors during winter.

Alternatively, movement behaviour of adult salamanders in clearcut and forest
enclosures may have differed, which may have affected capture rates. Adult
salamanders in clearcut enclosures may not have moved as far from underground

refugia as salamanders in forest enclosures, and therefore didn’t use the cover boards
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as often. Such a difference in movement behaviour between the two forest types could
have been caused by two factors. First, it is possible that resources (food, suitable
moist refugia) were sufficiently abundant in clearcuts that salamanders didn’t have to
travel as far to meet their needs. Since our invertebrate sampling may have
undersampled important prey items for northwestern salamanders (e.g., larval
invertebrates), the invertebrate sampling results cannot be used to predict differences
in movement behaviour between the forest types. Environmental variables don’t
appear to predict any differences in movement behaviour between the forest types.
While it is possible that clearcuts had more abundant moist surface refugia than forest
enclosures due to the higher downed wood and vegetation cover, there were no
significant differences in soil moisture between clearcut and forest enclosures. Second,
it is possible that movement behaviour was affected by intraspedific competition for
moist refugia. Salamanders in clearcut enclosures may have faced less competition for
moist refugia than salamanders in forest enclosures due to an abundance of naturally

occurring cover, and therefore did not move around as often.

Although it is difficult to determine the cause for the difference in proportion of
adults recaptured in clearcut and forest enclosures, we attempted to eliminate the'
possibility that the result was an artefact of the sa'mpling method or movement
differences in the two forest types by conducting manuai ground searches for adults the
spring following the experiment. Litter, downed wood, small mammal runways, and
vegetation were moved and searched by hand. Since adults migrate to breeding ponds

during early spring, they should have been attempting to escape the enclosures, and

‘should have been near the surface. However, despite extensive search effort, only four

new salamanders were found in clearcut enclosures. In contrast, five new salamanders
and nine previously captured salamanders were found in forest enclosures. Therefore,
we are confident that there was an actual difference in salamander abundance in
clearcut and forest enclosures at the end of the experiment, and that the result was not

an artefact of the trapping method or differences in movement behaviour between the

forest types.




Adult northwestern salamanders in clearcut enclosures in summer may have
been exposed to a higher density of predators than salamanders in forest enclosures.
There are 3 species of garter snakes in southwestern British Columbia, all of which
hibernate in winter, but are active between spring and fall: the western terrestrial garter
snake (Thamnophis elegans), the northwestern garter snake (Thamnophis ordinoides),
and the common garter snake (Thamnophis sirtalis). Although both T. ordinoides and
T. sirtalis use moist meadows, grassland, shrublands and forest clearings as habitat,
and can be found in clearcuts away from water (P.T. Gregory, Univ. of Victoria, Canada
— pers. comm.), only the latter consumes ampbhibians, including salamanders (Gregory
1984, Gregory and Campbell 1984). Remains of northwestern salamanders have been
found in the guts of T. sirtalis on Vancouver Island (Gregory 1984). Northwestern
salamanders do contain a toxin, which is released from granular glands concentrated in
the parotoid and tail areas as a form of anti-predator defence. T. sirfalis is probably
unaffected by the toxin (P.T. Gregory, Univ. of Victoria, Canada — pers. comm.), as it
also feeds on Taricha granulosa (rough-skinned newt), a species that makes both T.

elegans and T. ordinoides on Vancouver Island ill (Macartney and Gregory 1981).

Shrews (Sorex spp.) may also have been a predator of adult northwestern
salamanders in clearcut‘enclosures. During invertebrate sampling in June, a higher
number of shrews were captured around clearcut enclosures than forest enclosures
(clearcut = 27; forest = 8), indicating a higher number of shrews in clearcut sites.
Terrestrial shrews and salamanders both use small mammal runways and tunnels, and
likely encounter each other frequently. Shrews have a very high metabolism, and can
eat up to twice their own body weight every day (Whitaker 1994). Although shrew diets
are mainly composed of invertebrates, plants and fungi, they have been noted to
consume small mammals and amphibians as well (Whitaker 1994). Madison and
Farrand (1998) found frequent predation of radio-implanted adult tiger salamanders
(average mass = 30 g) in small-mammal runways, and concluded that predation was
most likely by short-tailed shrews (Blarina brevicauda; average mass = 22g; (Ballenger
2000). Some terrestrial shrew species in the Pacific Northwest do reach upto 9 g (e.g.,

Sorex cinereus, Sorex trowbridgii, and Sorex vagrans) (Whitaker 1994), and may be

45




able to consume adult northwestern salamanders (average mass = 155 g in this
experiment), providing they could capture them. It is not known if the toxin contained

by northwestern salamanders is a deterrent to shrews.

It is possible that garter snakes and shrews entered clearcut enclosures more
often than forest enclosures and consumed some of the‘adult salamanders, which may
~ have contributed to the reduced survival of adults in clearcuts. However, garter snakes
were not observed in any of the clearcut or forest sites during the adult expeﬁment, and
shrews were never captured in pitfall traps in enclosures in either forest type. It is also
not known if these species commonly consume aduit northwestern salamanders, which
would represent relatively large prey items. It is more likely that these species would
opportunistically consume smaller amphibians, such as juvenile northwestern
salamanders and plethodontid salamanders. Therefore, while there may have been
occasional predation of adult northwestern salamanders by garter snakes and shrews
during the experiment, we do not feel that predation explains the reduced survival of

adult northwestern salamanders in clearcut enclosures.

Management Implications

Results of our study indicate that survival of northwestern salamanders in
clearcuts in the Pacific Northwest is reduced during summer, but not during winter.
Northwestern salamanders are a relatively mobile species, capable of breeding
migrations of at least 1 km (Maxcy 2000), and likely encounter clearcuts frequently
during their migrations. Migrations from breeding ponds to terrestrial habitat often
happen during late spring (adults) and fall (juveniles). There is some risk that adult and
juvenile northwestern salamanders may settle in clearcuts in spring and fall, times of
year when clearcuts may not be unsuitable for salamanders based on the results of our
juvenile experiment. Adults that settle in clearcuts in late spring may remain in these
clearcuts during summer: dry surface conditions may prohibit or slow movements out of
the clearcut during summer, and/or salamanders may be unable to respond to distant
habitat cues from nearby suitable habitat once the habitat quality in the clearcut

deteriorates (Rothermel 2004). Juveniles mature in the terrestrial environment for more
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than 1 year after emerging from breeding ponds, and may remain in these clearcuts
until the following summer, when they too are prevented from moving to suitable habitat
for the above reasons. In these cases, clearcuts might become population sinks, and

may have negative effects on the local northwestern salamander population.

The reason for the unsuitability of clearcuts in summer remains unclear, making it
difficult to suggest ways to improve habitat in clearcuts for northwestern salamanders.
We did not find significant differences in soil moisture between clearcut and forest sites,
and although surface temperatures were higher in clearcuts than forest sites during
summer, maximum temperatures were only about 5 °C warmer in clearcuts. Also, our

experiment suggests that food limitation is not a factor in clearcuts.

Further investigations into microclimate conditions in clearcuts in summer in the
Pacific Northwest are warranted. It is important that microclimate in habitats that are
relevant to the amphibian species in question be considered. For instance, for species
such as northwestern salamanders that use underground burrows, soil moisture at 20
cm depth may not be as relevant as moisture at 0.5 m depth. In addition, since this
species likely spends little time above ground, surface temperatures may not be that
important. For other species that use habitat closer to the surface (e.g., plethodontid
salamanders, frogs), measurements of moisture and temperature closer to the surface
~ may be more relevant. In addition, soil moisture may vary considerably dependi‘ng on
surface cover (e.g., downed wood; shrub cover). Since amphibians also use areas
under surface cover, soil sampling should take surface cover types into consideration
through adequate stratification.

Further investigations into amphibian food availability in clearcuts in the Pacific
Northwest are also warrantéd. It is important that the Orders and life stages of
invertebrates that are important food sources for the amphibian species in question be
-sampled adequately. This requires knowledge of the diet of the amphibian species,
and especially, of the diet that maximizes fitness. This information will allow tailoring of
the invertebrate sampling scheme to ensure that those invertebrate species and life
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stages are adequately sampled in various habitats. It is also important that invertebrate
sampling occur in amphibian habitats, to ensure that sampled invertebrates can be
considered “available” to the amphibian species. For instance, since many amphibian
species forage under downed wood, it may be necessary to sample invertebrates in
these areas rather than in open areas.

Although our experiment only tested the response of one salamander species to
clearcuts, we feel that it is possible to extrapolate our results to other amphibian
species in the Pacific Northwest with some caution. Since northwestern salamanders
use underground burrows where they are removed from surface conditions, and since
they are capable of long distance movements, one might assume that they are less
-sensitive than some other amphibian species (e.g., ensatina, western red-backed
salamanders, tailed frogs) that are more restricted in their movements and use habitat
closer to the surface (e.g., decayed wood). Therefore, the reduced survival of
northwestern salamanders in clearcuts in our experiment is likely a conservative
estimate of what might happen to other amphibian species in Pacific Northwest

clearcuts during summer.
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Table 1. General description of the forest and clearcut sites in each block.

Block 1 Block 2 . Block 3
M Forest  F Clearcut E Forest = K10 Clearcut K Forest K Clearcut
Aspect South South Southeast Southeast East East
Elevation (m) 275 225 300 300 ’ 310 310
Forest age (yrs) 141 5 96 _ : 6 - 81 6
Forest Patch Size (ha) 27 n/a 7 n/a . 26 n/a
Clearcut size (ha) n/a 8.7 n/a o 20 B n/a 1.2
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Table 2. Total biomass (g) and mean initial mass (g) of animals in each enclosure in the juvenile experiment. Standard error of means
provided (1 S.E).

Enclosure Food Total Mean Initial

Experiment  Block Site Pair Treatment Biomass (g) Mass (g) S.E. (g9)

1 Food 75.61 5.40 0.43

Juvenile M Forest Ambient 68.52 4.89 0.28

2 Food . 65.98 4.71 0.20

(n=14 1 Ambient 67.93 4.85 0.46

animals/ 1 Food 71.72 5.12 0.26
enclosure z?t F Clearcut ’ Ambient 71.21 5.09 0.29 -

start of exp't) - 5 Food 66.42 4.74 0.26

Ambient 64.19 4.59 0.25

1 Food 69.35 4.95 0.38

Ambient 69.49 4.96 0.33

E Forest

2 Food 73.74 5.27 0.33

2 Ambient 67.39 4.81 0.23

1 Food 65.48 4.68 0.40

K10 Clearcut Ambient 77.15 5.51 0.31

2 Food 73.97 5.28 0.34

Ambient 70.25 - 5.02 0.37

1 ~ Food 66.87 478 0.31

Ambient 65.05 4.65 0.29

K Forest

2 Food 77.39 5.53 0.31

3 Ambient 74.09 5.29 0.30

1 Food 68.24 487 0.18

Ambient 65.41 4.67 0.22

K Clearcut -

. ) Food . - 7374 5.27 0.37

Ambient 69.93 5.00 0.21

Overall: 1679.12 5.00 0.06




Table 3. Sample sizes for juvenile experiment analyses. The ‘Recaptures in Wrong Enclosure’ column shows which food treatment the
animal(s) moved out of: the animal was recaptured in the other food treatment. Enclosure p air sample size includes animals recaptured
in the wrong enclosures, and those captured after May 12", 2004. Some animals captured after May 12", 2004 were also recaptured in
the wrong enclosure, so columns may not tally correctly to provide enclosure pair sample size. Sample size is lower for weight change
analysis than enclosure sample size due to omission of animals with incorrect marks (unable to determine animal’s initial weight).

Proportion Recaptured Analyses

Recaptures in  Recaptures

Enclosure Food Wrong after May 12th; Enclosure Weight Change
Experiment Block Site Pair Treatment  Enclosure n Enclosure 2004 Pair'n Analysis n
. 1 Fo?d 3 ‘ 1 0 15 3
Juvenile M Farest Ambient 10 0 1 ’ 9
2 Food 4 1 0 17 4
(n=14 animals/ 1 Ambient 11 0 1 11
enclosure at
start of exp't; 1 Fo?d 3 2 1 8 3
Niotal = 336 F Clearcut Ambient 12 0 0 11
animals) 9 Food 7 0 3 - 6
Ambient 5 0 2 4
1 FO(')d 9 0 4 23 o)
E Forest Ambient ) 4 1 5
2 Food 7 1 1 17 7
5 Ambient 5 1 2 5
1 Fo?d 2 1 1 8 2
K10 Clearcut Ambient 4 1 0 4
2 Food 5 0 4 17 4
Ambient 7 1 1 6
1 Food 0 0 0 0 0
K Forest : Ambient 0 0 0. 0
2 Food 4 0 2. " _ 3
3 . Ambient 3 0 2 .. 3
! Food 2 ' g ; R 3
K Clearcut Ambient 2 - = 2
2 Food 4 14 4
Ambient 7 0 1 7
TOTAL: 122 13 35 168 115




Table 4. Weight change of juveniles recaptured between March 8" and May 12", 2004. Weight change is calculated as (final weight —
initial weight)/(initial weight). Negative values represent animals that lost weight throughout the course of the experiment.

Food
Site Treatment Individual Juvenile Weight Change
Food -0.1247  -0.0637  0.0692
M Forest Ambient  -0.0882  -0.2084 -0.1932  0.0221 0.0036  0.0583  -0.0485 -0.0370 -0.1275
Food -0.0495  -0.0077 -0.1467  -0.2668
Ambient 0.0561  -0.1078 -0.1580  -0.0817 -0.2128 0.1700  -0.0674 -0.0132 -0.1118 -0.2399 -0.1521
Food 0.0232  -0.0602 -0.1308 v _ : ‘ . :
F Clearcut Ambient  -0.0962  -0.0295  0.0405  -0.0485 -0.1928 -0.0623 -0.0447 0.0065 -0.0310 -0.1189 -0.2353
Food -0.0064  0.0922  0.3103 -0.0796 02135 -0.1178
Ambient  -0.3007  -0.0177  -0.0025  -0.0380
Food 01407~ -0.1098 -0.0660  -0.0979 -0.1093 -0.0897 -0.2892 -0.0902 0.0590
E Forest Ambient  -0.0935  -0.1594  -0.1797 _ -0.1570 -0.0823 ‘
Food 0.0674 -0.0961 -0.1632 -0.1674 -0.2986 -0.1106 -0.1185
Ambient  -0.1455  -0.0992 -0.2415  -0.0488 0.0248
Food 0.0556  0.1638
K10 Clearcut Ambient 0.0557  -0.0363  -0.0296  -0.0704
Food 00725 -0.0387 -0.2406  0.0026 .
Ambient  -0.0792  -0.0763  0.0565  -0.1484 0.1089 -0.2119
Food
K Forest Ambient
Food 0.0392  -0.0173 -0.1285
Ambient 0.0390  -0.1121  -0.3745
Food 0.0060  0.0165  0.1754
K Clearcut.' Ambient  -0.1000  -0.1425
Food -0.1516  0.0482  -0.2629  -0.0699
Ambient  -0.0284  -0.0957 -0.0909  -0.1479 -0.1247 -0.1503

-0.1568
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Table 5. Total biomass (g) and mean initial mass (g) of animals in each enclosure in the adult experiment. Standard error of means

provided (£1 S.E).

Enclosure Food Total Mean Initial
Experiment Block Site Pair Treatment Biomass (g) Mass (Q) S.E. (g)
1 " Food - 102.08 14.58 0.39
Adult M Eorest Ambient 113.49 16.21 1.10
2 Food _ 106.75 15.25 0.}96
y Ambient 104.39 14.91 0.88
(n=7 animals/ 1 Food 109.41 15.63 0.51
enclosure at 4 Ambient 104.56 14.94 0.32
start of exp't) F Clearcut ) Food 104.61 14.94 0.61
Ambient - 110.21 15.74 0.82
_ 1 Food 115.04 16.43 0.71
E Forest Ambient 111.56 15.9.4 0.89
2 Food 110.95 15.85 1.22
2 Ambient 105.59 15.08 0.62
1 Food 110.16 15.74 0.95
K10 Clearcut Ambient 108.87 15.55 0.82
5 Food 108.93 15.56 0.81
Ambient 106.63 15.23 0.66
1 Food 110.02 15.72 1.16
Ambient 110.53 15.79 0.69
K Forest
o Food 106.78 15.25 0.72
3 Ambient 112.67 16.10 1.23
1 Food 102.95 - 14.71 0.52
K Clearcut Ambient 108.96 15.57 0.71
2 Food 114.49 16.36. 0.56
Ambient 109.52 15.65 0.93
Overall: 2609.15 15.53 0.16




Table 6. Sample sizes for adult experiment analyses. The ‘Recaptures in Wrong Enclosure’ column shows which food treatment the
animal moved out of: the animal was recaptured in the other food treatment. ‘Recaptures after November 24 ™, 2004’ refers to captures of
animals that were not previously captured between August 27" and November 24™ 2004. Enclosure pair sample size includes animals
recaptured in the wrong enclosures, and those captured after November 24™ 2004. Some animals captured after November 24" 2004
were also recaptured in the wrong enclosure, so columns may not tally correctly to provide enclosure pair sample size. Sample size is
the same for weight change analysis and proportion recaptured analysis.

Proportion Recaptured Analyses

’ Recaptures in  Recaptures .
Enclosure Food Wrong . after Nov. 24th, Enclosure Weight Change

Experiment Block Site Pair Treatment  Enclosure n Enclosure . 2004 Pair n Analysis n
1 Food 4 0 1 6 4
Adult M Forest Ambient 0 1 0. 0
5 Food 5 0 0 9 5
(n=7I animals/ 1 Ambient 4 0 0 4
enclosure at
start of exp't; 1 Fo?d 2* 0 1 3 2
Niotal = 168 F Clearcut Ambient 0 0 0 0
animals) 2 Food 0* 0 0 4 0
Ambient 3 1 0 3
1 Fo?d 5 1 0 13 5
E Forest Ambient 6' 1 0 6
2 Food 0 0 0 omit 0
P Ambient 0* 0 0 0
1 Food 1 0 0 1 1
K10 Clearcut Ambient 0 9 0 0
9 Food 2 0 0 2 2
Ambient 0* 0 0 0
1 AFoc.)d 5 0 1 12 5
K Forest Ambient 6' 0 O" 6
. 5 Food 0* 0 . 1 4 0
3 Ambient 3 0 0 . 3
1 Foc.)d' O* 0 0 - omit 0
K Clearcut Amblentv 0 0 0. ) 0 .
. 2 Food 2 .0 2 6 2
Ambient 1 0 1 1
TOTAL: 49 4 7 60 49

* = Enclosures that were omitted from the second proportion recaptured analysis (enclosures with no recaptures at end of experiment). ** This animal was
recaptured in February 2005. ‘ :
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Table 7. Weight change of adults recaptured between August 27" and November 24", 2004. Weight change is calculated as (final weight
— initial weight)/(initial weight). Negative values represent animals that lost weight throughout the course of the experiment.

Enclosure Food

Block Site Pair _ Treatment Individual Adult Weight Change
Food 0.3703 0.1441 0.1940 0.0014
M Forest Ambient
2 Food 0.2159 -0.0734 0.2962 0.0353 0.1102
1 Ambient  -0.1363 0.1117 -0.1391 -0.0743
1 Food -0.2786 -0.3222
F Clearcut Ambient :
2 Food
Ambient  -0.1210 0.2832 -0.3133
1 " Food -0.0285 -0.3001 0.0816 -0.1699 0.1935
E Forest Ambient  -0.1817 -0.0645 -0.1172 -0.0222 -0.3176  -0.2540
2 Food
2 Ambient
1 Food -0.0363
K10 Clearcut Ambient
2 Food -0.2813 -0.3293
Ambient
1 Food -0.2231 -0.0591 -0.1637 -0.2232 -0.1151
Ambient  -0.1461 0.0354 -0.1545 -0.1818 -0.1604 -0.4021
K Forest
2 Food .
3 Ambient  -0.0155 0.1125 -0.0194
'1 Food '
K Clearcut Ambient
2 Food -0.2336 -0.0158

Ambient  -0.2222
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Figure 1. Map of research forest, showing sites where enclosures were located (yellow circles),
and grouping of sites into blocks (red dashed line). Two enclosure pairs were built at each site.
Size of yellow circles around sites does not reflect site size. Juveniles and adults were captured
around the perimeter of Mirror Lake. ‘
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Photograph of enclosure pair in forest.

Figure 2
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| Figure 3 — Photograph of mesh fence of an enclosure showing the double folding at the top of
the mesh fence towards the interior of the enclosure to prevent salamanders from climbing out.
The aluminum flashing used for the dividing wall is also shown.
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Figure 4 — Photograph of an enclosure in a clearcut, showing the aluminum flashing used to
build the dividing wall. The small flaps of metal attached to the dividing wall posts were used to
prevent animals from climbing the posts.
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Figure 5a. Environmental variables for the juvenile experiment: maximum and minimum

surface temperatures in each forest type, from temperature loggers in each enclosure pair
Temperature logger data ended on April 21, 2004.
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Figure 5b. Environmental variables for the juvenile experiment: maximum and minimum air

temperatures, from weather station in Malcolm Knapp Research Forest.
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Figure 6. Total precipitation (mm) during each week of the juvenile experiment. Data were

collected at a weather station in Malcolm Knapp Research Forest.
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Figure 7a. Environmental variables for the adult experiment: maximum and minimum surface
temperatures in each forest type, from temperature loggers in each enclosure pair.

Temperature logger data ended on November 6, 2004.
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Figure 7b. Environmental variables for the adult experiment: maximum and minimum air

temperatures, from weather station in Malcolm Knapp Research Forest.
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Figure 9a. Enclosure soil moisture (%) during the adult experiment in each forest type on each-
sampling session. Dashed line in box plots represents the mean, while solid line represents
the median. Box plot represents the 10" and 90" percentiles of the data, while whiskers
represent the 5 and 95" percentiles of the data.
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Figure 9b. Enclosure soil moisture (%) during the adult experiment in each site on each
sampling session (including standard error bars on the mean). Blocks are listed in brackets
(e.g., B1 =Block 1).
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Figure 10a. Proportion of juveniles recaptured in the correct enclosure at the end of the
experiment in each forest type and food treatment. Figure conventions follow those used in
Figure 9a.
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Figure 10b. Proportion of juveniles recaptured in the correct enclosure at the end of the
experiment in each food treatment at each site (including standard error bars on the mean). No
mean could be calculated for K Forest Food, as data were only available from one enclosure.
Figure conventions follow those used in Figure 9b.
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Figure 11a. Proportion of juveniles recaptured in each enclosure pair at the-end of the
experiment in each forest type. Figure conventions follow those used in Figure 9a.
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Figure 11b. Proportion of juveniles recaptured in each enclosure pair at the end of the
experiment in each site (including standard error bars on the mean). Flgure conventions follow
those used in Figure 9b.
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Figure 12a. Weight change of juveniles over the entire experiment in each forest type and food
treatment. Figure conventions follow those used in Figure 9a.
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Figure 12b. Weight change of juveniles over the entire experiment in each food treatment at
each site (including standard error bars on the mean). Figure conventions follow those used in

Figure 9b.
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Figure 13a. Proportion of adults recaptured in the correct enclosure at the end of the
experiment in each forest type and food treatment. Enclosures with zero recaptures throughout
experiment are included. Figure conventions follow those used in Figure 9a.
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Figure 13b. Proportion of adults recaptured in the correct enclosure at the end of the -
experiment in each food treatment at each site (including standard error bars on the mean).
Enclosures with zero recaptures throughout experiment are included. Figure conventions
follow those used in Figure 9b.
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Figure 14a. Proportion of adults recaptured in the correct enclosure at the end-of the
experiment in each forest type and food treatment. Enclosures with zero recaptures throughout
experiment are omitted. Figure conventions follow those used in Figure 9a.
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Figure 14b. Proportion of adults recaptured in the correct enclosure at the end of the
experiment in each food treatment at each site (including standard error bars on the mean).
Enclosures with zero recaptures throughout experiment are omitted. Figure conventions
follow those used in Figure 9b.
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Figure 15a. Proportion of adults recaptured in each enclosure pair at the end of the experiment
~ in each forest type. Figure conventions follow those used in Figure 9a.
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Figure 15b. Proportion of adults recaptured in each enclosure pair at the end of the experimen‘t
in each site (including standard error bars on the mean). Figure conventions follow those used
in Figure 9b.
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Figure 16a. Weight change of adults over the entire experiment in each forest type and food
treatment. Figure conventions follow those used in Figure 9a. .
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Figure 16b. Weight change of adults over the entire experiment in each food treatment at each
site (including standard error bars on the mean). Figure conventions follow those used in
Figure 9b.
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Figure 17a. Invertebrate sampling during the juvenile experiment: number of invertebrates
trapped from all Orders in each forest type treatment during each sampllng session. Figure
conventions follow those used in Figure 9a.
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Figure 17b. Invertebrate sampling during the juvenile experiment: mean number of
invertebrates trapped (all Orders) in each site during each sampling session (including
standard error bars on the mean). Figure conventions follow those used in Figure 9b.
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Figure 18a. Correspondence analysis of number of invertebrates captured during the juvenile

experiment, with data separated by forest treatment and sample date.
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Figure 18b. | Correspondence'analysis of number of invertebrates captured during the juvenile
experiment, with data separated by each invertebrate Order.
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Figure 19a. Invertebrate sampling during the juvenile experiment: biomass (mg) of
invertebrates trapped from all Orders in each forest type treatment during each sampling
session. Figure conventions follow those used in Figure 9a.
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Figure 19b. Invertebrate sampling during the juvenile experiment: mean biomass of
invertebrates trapped (all Orders) in each site during each sampling session (including
standard error bars on the mean). Figure conventions follow those used in Figure 9b.

87



1
|
° |
6 | ® Clearcut - December
| O Clearcut - February
| v Forest - December
‘D‘) | v  Forest - February
% 4 - l
< |
g |
Q
S l
c 2 |
8 ve |
2 |
v
vO%V | v
O+————F g ———— T_—_.{{— e lo N
R °
'2 T T I| T T I 1
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
a) Canonical Axis 1

Figure 20a. Correspondence analysis of biomass of invertebrates captured during the juvenile
experiment, with data separated by forest treatment and sample date.
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- Figure 20b. Correspondence analysis of biomass of invertebrates captured during the juvenile
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Figure 21a. Invertebrate sampling during the adult experiment: number of invertebrates
trapped from all Orders in each forest type treatment during each sampling session. F|gure
conventions follow those used in Figure 9a.
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Figure 21b. Invertebrate sampling during the adult experiment: mean number of invertebrates
trapped (all Orders) in each site during each sampling session (including standard error bars on
the mean). Figure conventions follow those used in Figure 9b.
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Figure 22a. Correspondence analysis of number of invertebrates captured during the adult
experiment, with data separated by forest treatment and sample date.
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Figure 22b. Correspondence analysis of number of invertebrates captured during the adult
experiment, with data separated by each invertebrate Order. :
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Figure 23b. Invertebrate sampling during the adult experiment: mean biomass of invertebrates
trapped (all Orders) in each site during each sampling session (including standard error bars on
the mean). Figure conventions follow those used in Figure 9b.
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Figure 24a. Correspondence analysis of biomass of invertebrates captured during the adult
experiment, with data separated by forest treatment and sample date.
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APPENDIX 1. Mean percent cover (+ 18. E) of understory vegetatlon canopy cover exposed ground and downed

wood in each site.

Block 1

Block 3

Block 2

M Forest F Clearcut E20 Forest K10B Clearcut K Forest K Clearcut
Total vegetation cover 24.75(9.39) 81.25(4.27) 15. 25 (5.92). 86.75 (4.01) 35.50 (8.14) 165.00 (3.54)
Total tree cover (understory) - 200(1.22) 9.00(5.05) O 35.00(17.68) 1.25(1.25) 20.00 (4.98)
Total shrub cover 14.75(3.30) 63.75(9.44) O : 26.25 (8.00) 6.50 (3.01) 45.00 (7.36)
Total herb cover 8.00 (4.55) 31.25(11.97) 0 - 30.00 (8.42) 15.75(10.96) 13.75 (2.40)
Total moss cover 0.50(0.50) 1.88(0.52) 15.25(5.92) 1.00 (0.41) 12.75(7.44) O
Total exposed ground (litter/soil/rock) 49.25 (14.55) 12.00(2.83) 78 5(7.04) 12.00 (3.34) 58.75 (8.57) 14.25(2.59)
Canopy cover 90.00 (0.00) O 88.25(1.18) 0O 80 (3.54) 0
Downed wood cover 31.88 (4.75) 34.38(3.75) 10.00(5.86) 51.88 (11.62) 13.56 (1.82) 73.02 (9.54)
Common name Latin name
Amabilis fir Abies amabilis 0 0 0 . 0 0 0.25(0.25)
Black cottonwood Populus balsamifera 0 0 0 . 0.50 (0.50) 0 3.75 (3.75)
Douglas-fir Pseudotsuga menziesii 0 1.25(0.48) O 3.25(2.36) 0 1.50 (0.29)
Paper birch Betula papyrifera 0 0 0 13.75 (8.00) 0 4.00 (0.91)
Western hemlock Tsuga heterophylla 200(1.22) 7.50(4.79) O 29.00 (14.50) 0.25 (0.25) 11.75 (6.93)
Western redcedar Thuja plicata 0 0.25(0.25) 0O 3.75 (1.49) 0 0
Alaskan blueberry Vaccinium alaskaense 0 0 0 0 0 3.00 (1.22)
Black huckleberry Vaccinium membranaceum 0 0 0 - 0.50 (0.50) 0 0
Cascara Rhamnus purshiana 0 0.50(0.50) O 0 0 0
Dull oregon-grape Mahonia nervosa 3.50(2.36) O 0 0 0 0
Elderberry spp. Sambucus spp. 0 0 0 | 1.25 (0.75) -0 1.75(1.03)
Evergreen blackberry 'Rubus laciniatus 0 250(250) O - 1.50 (1.19) 0 0
Hardhack Spiraea douglasii 0 1.75(0.48) O 0.75 (0.48) 0 3.00 (2.38)
Holly ' 0.75(048) O 0 0 0 0 A
Oval-leaved blueberry Vaccinium ovalifolium 0 0 0 0 0 - 1.25(1.25)
Red huckleberry . Vaccinium parvifolium 1.75(0.75) 0.75(048) O 1.25(1.25) 3.25 (2.36) 7.67 (3.84)
Salal Gaultheria shallon 9.00(5.02) 36.25(12.14) O 2.50 (1.44) 0.75 (0.75) 0 .




SOl

Block 1 Block 2 Block 3

M Forest F Clearcut E20 Forest K10B Clearcut . K Forest K Clearcut
Salmonberry - Rubus spectabilis 0.67(0.29) 7.50(2.22) O 18.75 (8.60) 0 12.50 (4.33)
Sticky currant Ribes viscosissimum 0 050(0.29) O 0 _ 0 0
Thimbléberry Rubus parviflorus 0 150(0.29) O 1.50 (0.50) 0 15.00 (4.56)
Trailing blackberry Rubus ursinus 0 . 450(1.55) O 2.25(0.25) 0 8.50 (7.19)
Vine maple Acer circinatum 0.75(0.75) 2.88(2.40) O- 0 ’ 2.50 (2.50) 0
Willow spp. Salix spp. -0 0 0 1.75(1.75) 0 0.50 (0.29)
Bracken fern Pteridium aquilinum 0 24.50 (12.69) 0 . 2475 (7;02) 0.75(0.75) 4.25(2.17)
Common foxglove Digitalis purpurea 0 0 0 0 0 0.25 (0.25)
Common rush Juncus effusus 0 1.25(0.25) O -0 - 0 0
Deer fern Blechnum spicant 250(1.66) O 0 7.25 (1.60) 2.75(1.31) 3.50 (1.55)
Fireweed Epilobium angustifolium 0 1.75(048) O 6.75 (4.71) 0 1.25(0.75)
Grass spp. S 0 0 0 0 ‘ 0 1.25 (1.25)
Great mullein. Verbascum thapsus 0 0.25(0.25) O 0 0 2.00 (0.41)
Pearly everlasting Anaphalis margaritacea 0 v 163(1.31) O 1.00 (0.87) 0 2.00 (1.22)
Sword fern Polystichum munitum 6.25(3.12) 225(1.03) O 0 1250 (9.46) 4.25(0.75)
Wall lettuce Lactuca muralis 0 0.25(0.25) 0O 0 0 0.25 (0.25)
White clover Trifolium repens 0 0 0 0 0 0.25 (0.25)




APPENDIX 2. Number of invertebrates captured outside each enclosure during the two invertebrate sampling

Invertebrates are presented by Order.
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For the juvenile experiment (J), sampling session 1 was 12/03/03, and sampling session 2 was 02/16/04. For the adult experiment (A),

sampling session 1 was 06/18/04, and sampling session 2 was 08/20/04.
* Sample based on three traps instead of four; consequently, the values were adjusted by multiplying the rumber captured by 4/3.




APPENDIX 3. Biomass (mg) of inverfebrates captured outside each enclosure during the two invertebrate sampling
sessions in the juvenile and adult experiments. Invertebrates are presented by Order.
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MFOR1A} J | 1 13.56| 4.61 7.35 |3.09 0 3.17 0 12412959 0 {270 O 0 0 0 | 209.98 0 0 0 0 |1.62 | 266.89
MFORIB| J | 1 [ 266 | 252 4.95 |0.88 0 0 22.20 1 0.06 |159.00] 0 | 750 O 0 |376] 0 0 0 0 0 0 |258]| 206.11
MFOR2A| J | 1 [3.64 | 9.26 | 38.75|2.64 0 11.25 0 010 {41.08| 0 0 0 0 0 0 0 0 0 0 0 |7.29| 114.01
MFOR2B| J {1 [3.71] 30.48 | 7.83 |0.10]| 0.16 0 0 1.63 1168.62; 0 0 0 0 |0.11{0.18| 85.82 0 0 0 0 |7.65] 306.30
E201A J | 1]287] 8222 {1424 0 0 0.67 0 5151927 | 0 0 0 0| O 0 0 0 0 0 0 |5.76 | 120.18
E201B J | 1/[518] 58.79 | 25.15| O 1.19 0 0 0921887 | 0 0 1171 0 0 0 0 0 0 0 0 1492} 116.19
E202A J | 11513 | 473 2124 [1.24 0 10.27 0 |486( 817 | 0 [2055| O 0 0 0 0 0 0 0.| 0 |930]| 8547
E202B J111611] 3.88 |15.24 [1.20 0 2.25 0 0.10 0 0 0 0 0 0] 0 0 0 0 0 0 |9.78 | 38.56
KFOR1A | J | 1 | 370 | 274 |24.23]1.43 0 2.97 | 34.60 | 0.56 0 0 | 3.01 0 0 0- [ O 0 0 0 0 0 |17.80] 91.05
KFOR1B | J | 1-|11.10] 13.72 | 1.51 |0.85 0 248 | 2.30 | 050 0 0 1623 0 0 0 0 0 0 0 0 0 [1.66] 40.36
KFOR2A | J | 1 [ 6.03 ]| 9.62 471 |1171° 0 2.12 0 0.40 0 (011] O 0 0 0 0 0 0 0 0 0 [294] 27.09
KFOR2B | J | 1 [15.52| 54.92 | 19.57 | 0.70 0 0.06 0 1.00 0 1019f{218] 0 ('O 0 0 0 0 0 0 0 |1.78] 95.92
FCC1A J 111749 1419 0 3.27| 0.91 0 0 021(8053| 0 [1.71 0 0 0 0 0 0 0 0 0 |761] 11591
FCC1B* | J | 11569] 231 0 0.07 0 0 0 093 (4427 0 0 0 0 0 0 0 0 0 0 0 |7.01] 60.27
FCC2A* | J |1 1461] 3210 | 166 |1.29 0 1.99 0 [1394[/1385]| 0 0 |19.84] O 0 0 0 0 0 0 0 |10.18] 99.45
FCC2B J {11730 26.60 | 16.78 | 1.01 0 0 20.77 | 543 0 0 0 0 (014 O 0 0 0 0 0 0 |10.50{ 88.51
K10B1A* | J | 1 | 5.1 0 0 1.04 0 2.36 0 3.63 0 0 0 0 0 0 0 0 0 0 0 0 |364| 16.39
K10B1B | J | 1 | 6.53 | 255 0.27 {0.09 0 1.70 0 159 5602 | O 0 0 0 ]021] 0 19.83 0 0 0 0 |221] 40.00
K10B2A | J | 11224 | 56.34 | 7.14 |1.64 0 27.18 | 29.70 | 0.46 0 0 0 0 |[006f O 0 0 0 0 0 0 [0.78 | 125.52
K10B2B | J |1 |326| 088 | 0.35 |1.71 0 5.38 0 062 [1113] 0 |0191 O 0 [23.74[ 0 0 0 0 0 0 096! 48.22
KCC1A J 1113.02] 157 1.93 |1.31] 0.19 | 1.67 0 0171666 | 0 [144] 0 |011] O 0 0 0 0 0 0 |0.53] 18.60
KCC1B J 111318 49.62 0 0.07]°0.54 | 248 0 1.12 0 0 0 0 0 0 0 0 0 0 0] 0 |137] 5837
KCC2A J11[294] 184 | 278 |0.78 0 3.45 0 0.76 0 0 0 0. 0 0 |.0 0 0 0 0 0 | 121} 13.75
KCC2B* | J |1 [15.44| 3.34 | 2.72 |0.52 0 0 0 1281 068 | 0 0 0 0 0 0 0 0 0 0 0 |265]| 26.63
MFOR1A| J 1 2 {545 ] 0.34 0 0.22 0 025 [ 11451033 384 | O 0 0 0 0 [0.07] 3224 0 0 0 0 | 239! 56.58
MFOR1B| J | 2 {223 6.45 0 0.56 0 0 0 044|433 | 0 0 0 0 0 [0.13| 48.37 0 010 0 |273| 6524
MFOR2A| J | 2 | 503 | 3.43 | 418 |2.56 0 0 0 0 [2881] 0 0 0 0 0 0 46.02 0 0 0 0 [997! 9999
MFOR2B| J | 2 [ 828 | 0.48 |[10.65]1.30 0 0 0 1381879 1 0 0 0 0 0 0 | 115.21 0 0 0 0 | 268/ 148.78
E201A J-]1 2 {10.09] 3325 | 0.58 }0.16 0 0 19471 0 1236 0 0 0 0 0 0 0 0 0 0 0 |3.78] 79.69
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E201B J | 22749} 040 | 2.21-]004]| © 0 0 |004{1931] 0 0. o0 0 0 ]0.04 0 0 0 0| 0 |9.10! 58.63
E202A J| 21850} 012 | 076 | 0 0 -0 {1994 0 0 0 0 0 |006! 0 0 0 0 -0 0] 0 {677] 36.14
£2028 J | 2/11.33] 059 |2542| 0 0 0 [3294|041] 0 0 0 0 |0 0 0 0 0 0 0 { 0 [363] 74.32
KFOR1A| J | 2199 857 | 058 [037] © 0 045| 0 0 0 0 0 0 0 0 0 0 ] 0] 0o [193] 13.89
KFOR1B | J [ 2 ]312] 080 | 0145 | © 0 0 0 |015] 013 ] 0 0 o240 1 0 0 0 0 0 0| 0 [119] 5.89
KFOR2A | J | 2 |4.25| 0.77 | 543 | © 0 0 0 0 [1719] © 0 0| o 0 0 0 0 0 0| 0 [126] 2890
KFOR28 | J | 2 | 6.92| 220 | 752 |068| © 0 [2094[036]|1651| 0 0 0 0 0 0 0 0 0 0| 0 [172] 56.84
FCC1A | J | 2 11051| 094 | 402 [499]| 0 1.32 0 |007] O© 0 0 |0591 0 0 0 | 9754 0 0 0 |0.49]| 7.63 | 128.09
FCC1B | J | 2[887| 327 | 265 054 © 0.80 0 |260] O 0 [101] © 0 0 0 | 428241 0 0 0 | 0 |941] 45740
FCC2A* | J | 2 {15.97| 0.77 |21.80]0.11| 1.45 0| o |009] O 0 0 [4712] 0 0 0 0 0 0 0 | 0 [14.84] 59.75
FCC2B | J | 2 |25.77] 0.72 0 |015] o© 0 0 |732]523] 0 0 0 0 0 0 [19249] © 0 0 | 0 [14.48] 246.17
K10B1A | J | 2 [11.34| 243 | 284 | 0 | 0.23 | 1.48 0 |424] 0 |0 0 0 0 0 0 0 0 0 0| 0 [402] 2658
K10B1B | J | 2 | 349 | 9.39 0 0 0 1.42 0 |059] 0 0 0 0 0 0 0 | 4706 | 1668 | O 0| 0 |315]| 81.76
K10B2A |- J | 2 | 3.42 0 571 {089] © 1.12 0 [10.86]22.38| O 0 0 0 0 0 0 0 0 0| 0 |341] 47.79
K10B2B | J | 2 [296] 044 |11.74]023] © 0 0 [118]1 064 ] 0 0-| o 0 0 0 [139.92| © 0 0| 0 |453] 161.64
KCC1A [ J | 2 ]1.73 0 208 [069] © 1.35 0 0 0 0 0 0 0 0 0 0 0 0 0| 0 |126]| 7.09
KCciB* | J | 2 |499] 317 | 3.49 |043] O 0 0 |363]024] 0 0 0 0 0 0 0 0 0 01l 0 [297] 1892
KCC2A* | J | 2 [3.32 0 469 003! o0 1.29 0 |o25] o 0 0 0 0 0 0 0 0 0 0| o [136] 1093
KCC2B | J [ 21398] 055 | 029 | O 0 0 008 |011| © 0 0 0 0 0 0 0 2.50 0 0| 0 |228] 979
MFOR1A| A | 1 ]3.08|498.38 14.94 [7.01] 6.36 0 |10.14 | 0.05 |200.48] 0 0 0 |004] 0 |008[172.08] © 0 0 | 0 |3.44]916.07
MFOR1B| A | 1 ]2.90|419.28 | 3.75 {4.18] 7.55 0 |30.94|024]|32782[ 0 0 0 0 0 0 0 0 228 | 0 | 0 |3.70] 802.64
MFOR2A| A | 1 ]1.65]710.22| 866 {8.40] 0 0 0 |0.03][70062] O 0 0 0 0 0 0.07 0 0 0 { 0 [3.90[143355
MFOR2B| A | 1 |0.89|243.95{14.24 |475| 880 | 036 | 423 | 0 [206.64| 0 0 |11.70] 0 |045| o | 4107 0 0 0| 0 |4.07]541.15
E201A | A | 1]095]|49869| 342 | 0 | 567 0 |2425[095]|59.00] 0 0 0 0 0 0 [77180] © 0 0 | 0 |4.45]1369.27
E201B | A | 1123779087 | 0.39 |0.39] 0.15 0. |3643[028]| 550 [ 0 0 0 0 0 0 .0 ) 0 0| 0 [3.34]839.72
E202A | A | 1]3.01]224.36| 1.23 {0.08] 0.20 0 |2111]009]| 0 0 0 0 |0 0 0 0 0 0 0 | 0 {260] 25267
E2028 | A |1]215]/109.15]1681[0.04| 017 | 0.01 |12.72|185[ 311 | 0 0 0 0 0 0 0 0 0 0 | 0 {5.06]151.07
KFOR1A| A | 1 {458 (22541 | 276 | 0 | 0.20 0 3.87 [ 0.04[ 646 | 0 0l 0o lo 0 0 0 0 0 0 | 0 [13.20] 256.51
KFOR1B | A | 1 {4.30|405.73{11.52{ 0 0 0 0 0 [1327] 0 0 0 0 0 0 0 0 0 0 | 0 [15.84] 450.67
KFOR2A | A | 1 13.29 152881 164 |214] © 0.04 | 1422|008 |1115[ 0 0] 0 0 0 0 0 0 0 0 | 0 |350! 564.87
KFOR2B | A | 1 | 3.79|783.70 | 1632 {0.15] 0 0 947 |015[ 513 | 0 0 0 |0 0 0 0 0 0 0| 0 |414] 822.85
FCC1A | A-| 111.01]141.25|81.39 {063 15.01| 529 | 0.21 | 0.18 |218.08] 0 0 |27.39]. 0 0 |0.09| 6.06 |735.74/ 057 | 0 | 0 |2.43]123532
FcciB | A} 1]055] 1669 {7686 |0.15]11.82 |10.43 | 011 | 566 | 699 | 0 0 |700][006| O 0 | 116.31 0 0 0 | 0 1359] 256.21
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FCC2A* | A | 1] 0.40 | 93.70 [102.43]0.30| 11.25 0 0 0.27 0 0 0 0 0.39 0 0.17 | 1009.21 0 0 0 0 | 3.94 | 1222.05
FCC2B A 1]031] 96.06 | 75.63 | 0.27 | 27.68 0 0.08 | 0:15 0 0 0 3.19 10.26 0 0 0 ,o 9] 0 0 | 4.73| 208.35
K10B1A | A | 1 o™ 13.42 | 41.39 | 0.24 {320.28 0 0 0 0 0 0 0 0.23 0 0 0 0 0 0 0 | 547 | 381.04
K10B1B Al 1]1.07 0.29 41,99 | 0.50 | 37.83 0 0 0.04 0 0 0 0 0.51 0 0.11| 67.43 0 0 0 0 {204} 151.81
K10B2A | A | 1 | 0.40 2.55 34.87 | 1.13 {257.98 0 25.58 | 0.45 0 0 0 0 0.07 77 10.08] 468 104.20 0 0 0 | 3.08]| 435.81
K10B2B | A | 1| 0.07 | 5253 | 38.62 | 1.24 | 74.33 0 0.10 | 9.72 0 0 0 0 0 0 0 15.11 43.56 0 0-| 0 | 351} 238.78
KCC1A Al 11054 11.47 | 26.56 0 0 0 o:.. 0.10 | 3.60 0 0 1.04 0 0 0 0 0 0 0 0 |2.64| 4596
KCC1B Al 11053] 1269 | 22.87 |0.07| 0.34 0 0.16 | 0.11 0 0 0.46 0 0 0 0 135.71 0 0 0 0 {203]| 174.97
kcc2A | A |1 o065] 3256 [2321]016] 035 | 0 | 981 [023] o [ o[ o (09| o | o [o15[ 1721 | o o | o] o |331] 8859
kcc2B | A | 1| 030] 2954 [36.47]030] 059 | o | 0.00 |058] 455 | 0 | o |e10] 0 | 0 | o 0 o | o | o] of265] 8116
MFOR1A| A | 2 0 226.88 | 25.74 1 0.61 | 21.07 0 106.46 (17.86| 17.97 0 0 (4493 0 0 0 0 0 0 0 0 | 4.80 | 466.31
MFOR1B| A | 2 | 0.16 | 342.70 19.55 | 0.35 0 0 71.64 | 1.52 0 0 0 47321 0 0 0 0 0 0 0 0 | 3.87| 487.13
MFor2a] A | 2| o 24602 4086 |0.62] o 0 |254.75]7.44[1680] 0 | o [63.51]0.04] 0 | 0 0 0 0o | o] o |256]63261
MFOR2B| A | 2| o [159.37|4879]037] o 0o |7258 1160|4206 0 | o [1826].0 | 0o | o 0 0 o |0 ] ol162] 35474
E201A Al 2 0 272.69 | 73.88 0 |17.06 , 0 228.04| 2.84 0 0 0.84 [12.43] 0 0 0 0 0 0 0 0 | 0.57 | 608.36
£2018 A2 0 304.37 | 68.92 | 0.32 | 21.67 0 |1440.86| 0.50 | 25.32 0 0 128.17/0.06 0 0 0 0 0 0 0 1.83 | 892.02
E202A Al 2 0 845.28 | 30.62 0 0 0 290.70} 0.10 |101.11] O 0 0.00 0 0 0 0 0 0 0 0 | 252 {1270.34
E202B Al 2 0 979.40 | 53.05 | 0.98 0 0.35 {156.47! 5.37 | 40.40 0 0 2.63 0 0 0 0 0 0 0 0 | 3.94|1242.58
KFORTA| A | 2 0 1052.85| 29.03 0 8.25 278 {9790 27719359 | 0 0 0 0 0 0 0 0 0 0 0 | 3.2511290.43
KFORIB | A | 2 | 0.25 | 566.59 | 58.60 0 0 17.06 | 59.37 {11.15|161.85{ O 0 19.24] 0 0 0 0 0 0 0 0 | 3.80| 897.89
KFOR2A | A | 2 0 1001.48| 39.22 | 1.31| 0.27 9.21 4.32 0 28.10 0 0 0.00 | 2.28 0 0 0 0 0 0.06] 0 | 2.45]1088.70
KFOR2B | A | 2 | 0.09 | 869.42 | 62.34 0 15.20 1303.32|196.24} 0.35 |252.71| O 0 71.83| O 0 0 0 0 0 0 0 | 8.41/[1779.90
FCC1A Al 2]|015| 47.49 | 41.33 0 39.22 0 80.61 {13.80 0 0 0 14,78 0.32 0 0 0 0 7.13 0 0 | 213 | 246.96
FCC1B A| 2 |007]|34795| 51.72 |10.73 | 28.86 | 0.14 | 1489 | 0.10 0 0 0 30.84| 0O 0 0 0 0 0 0 0 | 231| 477.60
FCC2A* | A | 2 0 3.67 .| 1.87 0 1100.19 0 53.85 | 0.26 0 0 0 0 0.141 0 0 0 0. |.10.761 O 0 075 171.49
Fcc2B | A2 o | 006 |4853] 0 [6482] 0 | 200 | 0 [7393] 0] o [162] 0] 0o | 0 0 o |408] 0| o |159] 19752
K10B1A | A | 2 | 1.06 | 11.52 | 23.19 0 (14187 0.38 6.98 | 4.13 0 0 0 40.88] 0 0 0 10.33 0 0 0 0 1.58 | 241.92
K10B1B | A | 2 | 1.78 | 10.81 | 59.99 | 0.51 | 54.96 0 37.47 | 0.18 0 0 0 37.89| 0 0 0 55.57 0 0 0 0 1.56 | 260.72
K10B2A | A | 2 | 0.44| 282 |4132] 0 |4011] o0 |14520{040] 0 | o | o |87.13]003] o | o 0 0 |234] 0| o [1.04] 32081
K10B2B | A | 2 0 3.33 50.43 0 |21.04| 0.14 [203.74] 2.28 0 0 2.39 136.22] O 0 -0 0 0 -0 0 0 1.79 ] 321.36
KCC1A Al 2 0 102.11 | 19.81 0 2.62 0.06 2.17 0 [219.86|] 0 0 58.57| 0*** 0 0 0 259.82 0 0 0 | 2.63 | 667.65
KCC1B Al2] 0 50.41 | 22.22 0 0 1.15 | 22.87 0 0 0 0 14.83 ” 0 0 0 0 0 1.04 0 0 | 092 113.44
KCC2A Al 2013 57.58 7.52 0.18 3.36 0 0 0 |23.12] 0 0 0.06 0 0 0 0 0 | 515 284.03

184.23

1.73
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' For the juvenile experiment (J), sampling session 1 was 12/03/03, and sampling session 2 was 02/16/04. For the adult experiment (A), sampling
session 1 was 06/18/04, and sampling session 2 was 08/20/04. .
“Fragment” includes all invertebrates that were too small to classify to Order, and body parts that were unidentifiable.

* Sample based on three traps instead of four; consequently, the values were adjusted by multiplying the biomass by 4/3.

** Sample was dropped prior to weighing, and biomass estimate was inaccurate. Therefore, zero was entered

*** Data entry error; no biomass was entered.




