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ABSTRACT

W ard, J .L  1997. The Effects o f A lte rna tive  Vegetation Management
Treatm ents on Epigeal insects, Coleoptera, Carabidae and Non-
insectan A rthropods. Advisor: Dr. Y.H. Prevost

Key W ords: arthropods, brushsaw, Carabidae, Coleoptera, epigeal, p itfa ll 
traps, Release, Silvana Selective cleaning machine, vegetation management 
a lternatives, V ision

The p rim ary objective o f th is  study was to  exam ine the effects o f 
a lte rna tive  vegetation management on epigeal insects, Coleoptera, 
Carabidae, and non-insectan arthropods. This study, w hich is a com ponent 
o f the Fallingsnow Ecosystem Project, 60km  southwest o f Thunder Bay, 
O ntario, u tilize d  roofed p itfa ll traps containing a saline preservative. Four 
blocks were treated w ith  fo u r vegetation management a lternatives 
inc lud ing  a m anual brushsaw treatm ent, a mechanized treatm ent (Silvana 
Selective-Ford Versatile cleaning m achine), and two herbicides (V ision [a.i. 
glyphosate] and Release [a.i. tric lo p y r]). In  add ition , a C ontro l (untreated) 
p lo t was located w ith in  each b lo ck  A ll insects and non-insectan 
arthropods were id e n tifie d  to  the O rder level. A ll Coleoptera were 
id e n tifie d  to Fam ily, and the Carabidae (Coleoptera) were id e n tifie d  to 
species. Covariate ANOVA using 1993 data as the Covariate was used to 
determ ine treatm ent effects on abundant Orders, Fam ilies, and carabid 
species. The Shannon-W einer index o f b io logical d ive rs ity  was used on 
1994 carabid beetles to  detect differences in  b io logical d ive rs ity  o f carabid 
beetles one season post-treatm ent.

Results ind icate  th a t the vegetation management treatm ents had 
little  effect on the m a jo rity  o f insects, Coleoptera, Carabidae and non- 
insectan arthropods tested. Hom optera was the o n ly  O rder th a t showed 
s ign ifican t treatm ent effects, w hile  both Leoididae and S ilphidae o f the 
Coleoptera O rder showed sign ifican t treatm ent effects. None o f the carabid 
beetles tested showed s ign ifican t treatm ent effects. C ovariate l993 
O rthoptera, Hom optera, D iplopoda showed a s ign ifican t e ffect on the 1994 
catch o f these Orders, respectively. Covariate 1993 Elateridae was the on ly 
Coleoptera Fam ily th a t showed sign ifican t covariate effects, w hile  three 
carabid species showed s ign ifican t covariate effects inc lud ing
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Agonum gratiosum Mann., Pterostichus coracinus Esch., and Poecilus 
lucublandus Say. The Shannon-W einer d ive rs ity  index indicated th a t the 
brushsaw and Silvana Selective cleaning machine treatm ents had the 
lowest d ive rs ity , the C ontrol (untreated) plots had the highest carabid 
d ive rs ity  w h ile  the two herbicide treatm ents were between the two 
extremes, b u t closer in  value to  the C ontrol.

S ign ificant covariate effects ind icated th a t areas where populations o f 
p a rticu la r Orders, Families, o r species were trapped in  large num bers in  
1993, they continued to be trapped in  large numbers in  1994. The lack o f 
s ign ifican t treatm ent effects on the m a jo rity  o f epigeal insects, Coleoptera, 
Carabidae, and non-insectan arthropods indicates th a t the vegetation 
management treatm ents d id  no t s ign ifican tly  a lte r th e ir m icrohabitats. 
Lower carabid d ive rs ity  indices in  both the brushsaw and the Silvana 
Selective cleaning machine treatm ents may be an ind ica tion  o f a decrease 
in  m ovem ent by carabids in  these treatm ents and, thus, fewer carabids 
being trapped. Decreased m ovem ent in  these treatm ents may be 
a ttrib u te d  to  an increase in  vegetative and woody cover. H igher d ive rs ity  
in  the herbicide treatm ents may be an ind ica tion  o f increased movement 
o f carabids, and, thus, increased trapp ing frequency due to a decrease in  
vegetative cover.
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INTRODUCTION 

The rem oval o f non-crop com petitive p lants to  release crop 

seedlings and saplings is a common forest management practice in  

Canadian fo restry. This procedure is called 'co n ife r release' because crop 

trees th a t are ty p ic a lly  conifers are released from  com petitive vegetation 

so th a t crop trees can gain a position o f dom inance (Lautenschlager 1986). 

Release usually occurs w ith in  the firs t ten years a fte r harvesting to  free 

n a tu ra lly  regenerated o r planted conifers (Lautenschlager 1991). In  the 

past several decades, especially in  the 1970's and 1980's, con ife r release 

re lied  heavily upon the use o f chemical herbicides such as glyphosate, 

hexazinone, 2,4-D , and tric lo p y r (Lautenschlager 1991).

In northw estern O ntario post-harvest regeneration, w hether i t  is 

p lanted o r na tu ra l, is o ften  dom inated by one o r a few shade-intolerant 

tree species such as black spruce (Picea mariana (M ill) B.S.P.) o r jack pine 

(Pinus banksiana (Lam b.)), o r m id- to le ran t species such as w hite  spruce 

(Picea glauca (M oench) Voss). On productive sites, angiosperm com petition 

can be fierce under post-harvest conditions, m aking conife r release an 

absolute necessity in  th is  region.

W ith an increase in  concern from  the general pub lic over the 

environm ental effects o f herbicides, forest managers and natura l resource 

managers have taken a new focus th a t seeks a lternatives to herbicides. 

Presently, herb icide  use is restricted in  five  Canadian provinces (W agner
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2
1993), and according to  Perrin etal. (1993), 81% o f Canadians th in k  th a t 

chem icals used in  forest management pose a health risk  to  humans and to 

the environm ent. However, the op in ion  o f the general pub lic may n o t be 

based on the scien tific  facts. M any believe th a t the debate over herbicide 

use in  fo re s try  stems from  a lack o f technical understanding by the general 

pub lic  (W agner 1993).

A lthough much o f the debate over the use o f chem ical herbicides in  

fo re s try  m ay be based on p o litica l, economic, in s titu tio n a l o r social issues, 

it  has, nevertheless, forced scientists to reexam ine changing values and the 

ro le  o f herbicides w ith in  these values. Perrin er al. (1993) states th a t a 

new paradigm  in  vegetation management is evolving w hich encompasses a 

greater focus on the environm ent, susta inab ility, na tu ra l regeneration and 

b io log ica l d ive rs ity . In  short, the new paradigm  perm its a broader view  o f 

fo rest values th a t sh ifts away from  a prim ary focus on com m odities.

One o f the m ain objectives o f the new paradigm  is to  determ ine 

a lte rna tive  vegetation management techniques th a t are environm enta lly 

sound, econom ical, and socia lly acceptable (W agner 1993). To be 

environm enta lly sound, the im pact o f presently used techniques such as 

herbicides, as w e ll as th a t o f a lternatives m ust be determ ined fo r crop and 

non-crop vegetation. In add ition , the im pact o f these techniques m ust be 

determ ined fo r non-targe t anim al organisms. Frequently studied 

non-ta rge t organisms include large mammals such as deer and moose,
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3
sm all mammals, and b irds. Less in fo rm a tion  is known about the effects o f 

vegetation management on the less conspicuous organisms such as 

te rre s tria l gastropods, am phibians and rep tiles, and te rre s tria l insects. 

However, i t  is know n th a t each vegetation management technique w ill 

have d iffe re n t effects fo r d iffe re n t w ild life  taxa depending on th e ir h ab ita t 

requirem ents (Lautenschlager 1991, 1993).

B iological d ive rs ity , w hich describes the va rie ty  and v a ria b ility  o f 

the  w orld 's  organism s in  term s o f genetic, species, com m unity, and biom e 

d ive rs ity  (M agurran 1988), can serve as a measure in  determ in ing the 

effects o f vegetation management on non-ta rge t and target organism s. 

Changes in  the com position and d ive rs ity  o f a p a rticu la r taxon can ind icate  

the  level o f im pact o f the vegetation management technique chosen. In  

o rd e r to  determ ine the m ost suitable vegetation management a lte rna tive , 

its  im pact m ust be determ ined fo r the whole affected ecosystem. Part o f 

the  goal o f the O ntario  M in is try  o f N atural Resources' (OMNR's) Vegetation 

M anagement A lte rna tives Programme (VMAP) is to  determ ine the effects 

o f d iffe re n t vegetation management techniques on the w hole ecosystem by 

exam ining and in teg ra ting  a ll o f the ecosystem's components.

The m ain objective o f th is  study, w hich is a com ponent o f the OMNR's 

VMAP Fallingsnow  Ecosystem Project in  the Thunder Bay D is tric t o f 

northw estern O ntario , was to examine the effects o f fo u r release 

techniques on ground associated insects and o the r ground associated
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invertebrates. Manual (brush saws), m echanical (Silvana S elective/Ford 

V ersatile  cleaning m achine), and tw o herb icide  (glyphosate and tric lo p y r) 

release treatm ents were u tilize d , as w e ll as a con tro l (no trea tm en t) to  

dete rm ine  any changes in  ground dw elling  insect and inve rteb ra te  

abundance, com position, and richness. A ll insects and invertebra tes were 

id e n tifie d  to  the O rder level. In  a dd ition , a ll Coleoptera w ere id e n tifie d  to  

fa m ily  and a ll ground beetles (Coleoptera: Carabidae) were id e n tifie d  to 

species in  o rder to determ ine any trea tm ent effects. G round beetles were 

sp e c ifica lly  chosen because they are polyphagous predators and may be 

good ind icators o f hab ita t change (Jennings etal. 1986).

The n u ll hypothesis o f th is  study is th a t the various release 

treatm ents trie d  have no e ffect on insect, beetle, and carabid  beetle 

com position, abundance and d ive rs ity . The a lte rna tive  to  the  n u ll 

hypothesis is tha t the treatm ents have an effect.
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LITERATURE REVIEW

BIOLOGICAL DIVERSITY

Biological d ive rs ity  has been defined in  various ways. Reid and 

M ille r (1989) define b io log ica l d ive rs ity  as the va rie ty  and v a ria b ility  o f 

liv in g  organisms and the ecological complexes in  w hich they occur; the 

va rie ty  o f the w orld 's species, inc lu d in g  th e ir genetic d ive rs ity  and the 

assemblages they form . F ielder and Jain (1992) define it  as a fu ll range o f 

va rie ty  and va ria b ility  w ith in  and among liv in g  organisms, th e ir 

associations, and habitat -  o rien ted  ecological complexes. The te rm  

b io log ica l d ive rs ity  also encompasses ecosystem, species, and landscape as 

w ell as in traspecific (genetic) levels o f d ive rs ity . It is evident th a t these 

d e fin itio n s  o f b iological d ive rs ity  are indeed ve ry broad and vague. As 

presently understood, b io d ive rs ity  encompasses m u ltip le  levels o f 

o rganization (Noss 1990). In  o rd e r to  measure d ive rs ity , one m ust realize 

th a t the three prim ary a ttrib u tes o f d ive rs ity  - com position, s tructu re , and 

fu n c tio n  - are nested in  a h ie ra rchy th a t incorporates regional landscape, 

com m unity-ecosystem , population-species, and genetic com ponents. The 

b io log ica l d ive rs ity  o f any h a b ita t o r ecosystem is fo rever in  a constant 

state o f flu x , and forests are no exception (Reid and M ille r 1989).

However, much o f the loss o f species d ive rs ity  during  the last cen tu ry can 

be a ttrib u te d  to human a c tiv ity  (F ie lder and Jain 1992).
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For anyone who is concerned w ith  m ainta in ing b io log ica l d ive rs ity , 

the d ive rs ity  o f insects m ust be considered, as th is is where m ost o f the 

d ive rs ity  o f anim al species lies (F ielder and Jain 1992). U nfortunate ly, the 

great d ive rs ity  o f insects also can pose a problem . I t  is estim ated th a t as 

little  as h a lf o f the insect species in  Canada have been id e n tifie d , w h ile  an 

even greater num ber, go undescribed w orldw ide (F ie lder and Jain 1992).

A  lack o f data on the abundance o f insects and o the r invertebrates means 

th a t declines w ill go unnoticed u n til drastic reductions have occurred. 

However, w ell studied taxa, such as Carabidae, can serve as ind ica tors o f 

change in  invertebrate  d ive rs ity  (Frietag 1979, F ielder and Jain 1992).

The M easurem ent o f B io lo g ica l D iv e rs ity

The m easurement o f b io logical d ive rs ity  has been the subject o f 

m uch debate (M agurran 1988), and a resurgence o f the im portance o f 

studying b io logical d iv e rs ity  has placed the sp o tlig h t on measures o f 

d ive rs ity  once again. A  review  o f the lite ra tu re  was com pleted to 

determ ine the a d m iss ib ility  o f both param etric and non-param etric 

measures o f d ive rs ity .

M any investigations o f d ive rs ity  are o ften  lim ite d  to  species richness 

measures (M agurran 1988). Species richness refers to  the num ber o f 

species in  a com m unity (Begon etal. 1990). N orm ally, the m a jo rity  o f 

species are rare in  a com m unity, w hile  a num ber are m oderately common 

w ith  the rem aining few  species being very abundant (Southwood 1978).
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Due to  a w ide v a rie ty  o f d ive rs ity  measures, scientists using 

d ive rs ity  measurements m ust be aware o f th e ir appropriateness and 

usefulness. A  d ive rs ity  index should fu lf il ce rta in  c rite ria  before it  can be 

used in  a proper context. F irstly , a d ive rs ity  index m ust be able to 

d iscrim inate  between sites (M agurran 1988). Secondly, its  dependence on 

sample size m ust be determ ined. I f  an index is sensitive to  the sample 

size, a m athem atical transfo rm ation  such as rare faction  should be used to 

standardize sample size. However, standard ization  o ften  results in  a loss o f 

ecological in fo rm a tion . T h ird ly , the usefulness o f an index depends on the 

com ponent o f d ive rs ity  being measured (e.g. the num ber o f species), and, 

lastly , the index o f choice should be w ide ly  used and understood. The best 

indices are sim ple to calculate, easy to  in te rp re t, and s ta tis tica lly  and 

ecologically sound (Table 1). Today pow erfu l com puters and sta tistica l 

packages make ca lcu lations re la tive ly  easy.

P a ram etric  M easures o f D iv e rs ity

The Geom etric Series, the Logarithm ic Series, the Log Norm al, and 

M acA rthur's Broken S tick M odel are the fo u r classical species abundance 

models. The Geom etric Series and M acA rthur's Broken S tick M odel are 

bo th  based on b io log ica l hypotheses, whereas the Logarithm ic Series and 

the Log N orm al are o f p u re ly  m athem atical pedigree (M ay 1975). Each o f 

these models, a lthough used extensively in  the past, has lim ite d  use in  

ecological studies.
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T ab le  1. B io lo g ica l d iv e rs ity  m odels and m easurem ents 

in  e co lo g ica l s tud ies 

Model______________________ Criterion________________________

Site
Discrimination

Sample 
Size 
Dependence

Measurable
Component

Use

Geometric
Series

Logarithmic
Series

poor

good

Log Normal

Broken Stick

poor

poor

Shannon-Weiner good 
Index

Simpson's Index poor
(1/D better)

highly
dependent

not
dependent

no. of individuals, 
percent cover, 
biomass

no. of individuals, 
percent cover, 
biomass

dependent

highly
dependent

Continuous
species
abundance data 

no. of individuals

moderately no. of individuals 
dependent in ea. species, 

hierarchical 
analysis

moderately no. of individuals 
dependent in ea. species,

outdated, 
rarely found 
in nature

moderate 
use, highly 

recommended 
by Kempton 
& Taylor 
(1976)

minimal use, 
discredited

outdated,
discredited

widespread 
use, does 
not
correspond 
to ecological 
processes

widespread 
use, only 
measures 
the domin
ance conc
entration
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The Geom etric Series originates from  the niche pre-em ption 

hypothesis where a firs t (dom inant) species arrives and takes a 

p roportion , k, o f some lim itin g  resource. The second m ost dom inant 

species arrives and takes the same p ro po rtion , k, o f the rem aining 

resource, and so on, u n til the last species arrives (M ay 1975). The 

Geometric Series is generally thought to  be found in  species poor and often 

harsh environm ents, o r in  the ve ry early stages o f succession (M agurran 

1988). As succession proceeds o r as cond itions am eliorate, species 

abundance patterns grade in to  those o f the Log Series. One im po rtan t 

determ in ing fa c to r o f the Geometric Series is th a t species a rrive  a t regular 

in terva ls.

The Logarithm ic Series (Log Series) is thought to  p rovide a good 

description o f sm all, stressed, o r pioneer com m unities (M ay 1975), bu t has 

been w ide ly c ritic ize d  fo r its  lack o f ecological realism  (Hughes 1986). 

Goodman (1975) states th a t a ll theoretica l models are unrea listic 

m athem atical representations. However, some studies (T aylo r 1978, 

Kem pton and T ay lo r 1976) investigating the  properties o f the Log Series 

Index, a, have h ig h ly  recommended its  use, even when the Log Series 

d is trib u tio n  is n o t the best descrip to r o f the underly ing  species abundance 

pattern. T aylo r (1978) favours the Log Series due to  its  good d iscrim inant 

a b ility  between sites and because it  is no t u nd u ly  influenced by sample 

size.
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The Log Norm al, w hich is based on the Central L im it Theorem  (CLT), 

is said to  ind icate  large, m ature, and varied  natura l com m unities 

(M agurran 1988). This m odel has also been harshly c ritic ize d  as being 

ecologically unrea listic. Hughes (1986) adds th a t d ire c t app lica tion  o f the 

CLT in  the context o f th is  m odel is c ritic ize d  because it  does n o t include  

b io log ical considerations (eg. the effects o f extinction). A lthough the  Log 

N orm al is w ide ly c ritic ize d , it  is s till o ften  used to  describe large, stable 

com m unities (M agurran 1988).

The Broken S tick M odel is based on M acArthur's Random Niche 

Boundary Hypothesis in  w hich he likened the subdivision o f niche space 

w ith in  a com m unity to  a stick being broken random ly and sim ultaneously 

in to  "s" pieces (M ay 1975, M agurran 1988). The d iv is ion  o f niche space is 

concerned w ith  the p a rtitio n in g  o f o n ly  one resource, and the species 

occupy non-overlapping niches (Pielou 1977). This assum ption has been 

w ide ly d iscredited. The analogy o f non-overlapping niches is unsound i f  it  

is postulated th a t w hat the species d iv id e  among themselves is a 

m ultid im ensiona l niche space, since there is no way o f random ly 

p a rtitio n in g  a space o f m ore than one dim ension in to  non-overlapping 

parts (Pielou 1977). In  o the r words, when a one dim ensional space is 

random ly broken it  cannot be extrapolated to  spaces o f h igher 

d im ensionality. However, th is objection is countered by postu lating th a t 

w hat is d iv ided  up by the species is some single abundance-lim iting facto r.
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O ther problem s o f th is m odel include a strong se n s itiv ity  to  sample size 

and th a t i t  is  o n ly  characterized by the num ber o f species (because th e ir 

abundances are so even) (M agurran 1988).

N o n -p a ra m e tric  M easures o f D iv e rs ity

N on-param etric indices o f d ive rs ity  make no assum ptions about the 

shape o f the underly ing  abundance d is trib u tio n  o f the va riab le  being 

studied. This is the one m ajor d ifference between the param etric 

measures and the non-param etric measures o f d ive rs ity . The In fo rm ation  

| S ta tistic Indices and the Dom inance Measures are the tw o m ain categories
I

o f non-param etric indices. The Shannon -W einer Index, H ', and Simpson's 

Index, D, are the m ost popular indices w hich  represent each o f the tw o 

| m ain categories, respectively.
j

j The Shannon-W einer Index is based on the ra tiona le  th a t the
i

d ive rs ity , o r in fo rm a tio n , in  a n a tu ra l system  can be m easured in  a s im ila r 

way to the in fo rm a tio n  contained in  a code o r a message (M ay 1975, 

M agurran 1988, Begon etal. 1990). The Shannon-W einer Index makes 

tw o assum ptions: firs tly , ind iv id u a ls  are random ly sam pled from  an 

in fin ite ly  large popula tion , and, secondly, a ll species are represented in  the
I

sample. The Shannon-W einer Index has been the subject o f m uch debate. 

Advantages to  its  use include being a good d iscrim in a to r between sites 

j  (M ay 1975). In  a dd ition , i f  several samples are taken, th e ir index values 

have been found  to  fo llow  a Log N orm al d is trib u tio n  (T aylo r 1978).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12
Therefore, use o f th is index can be fo llow ed up w ith  param etric tests such 

as t-tests and ANOVA. The Shannon-W einer Index can also be used fo r 

h ie rarch ica l analysis (M agurran 1988). H ierarchical analysis considers the 

va rie ty  o f d ive rs ity  a t o the r than the species level. The m ajor advantage 

in  using the Shannon-W einer Index is its  w idespread p o p u la rity  and use, 

despite some m ajor problem s.

The Shannon-W einer Index m ay be one o f the m ost popular in  use, 

b u t a fte r review ing its  drawbacks one wonders w hy it  is used a t a ll. The 

j Shannon Index is insensitive to  the num ber o f rare species (M agurran 

| 1988). Goodman (1975) states th a t the Shannon Index becomes

progressively less sensitive to  the a d d itio n  o f new species, o r to a ltered 

abundances because these come to represent progressively sm aller 

fractions o f the to ta l. In  a dd ition , the d ive rs ity  measure becomes even less 

sensitive when large sample sizes are used because o f its  logarithm ic 

nature.

A nother m ajor problem  in  using th is  index is th a t the am ount o f 

| e rro r increases as the p ro p o rtio n  o f species represented in  the sample 

declines. The second assum ption o f the In fo rm ation  S tatistic states th a t a ll 

species are represented in  the sample. I f  th is  is no t the case, due to  sm all
i

I sample size o r the actual sam pling m ethod, the  e rro r in  the  index value
i

j  increases. Several authors (Goodman 1975, A lata lo  and A lata lo 1977,

I Kem pton and T aylo r 1976) strong ly d isc re d it the Shannon-W einer Index
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because it  is an a ttem pt to  give a one dim ensional descrip tion  o f species 

abundance. A latalo and A lata lo (1977) state th a t th is index fa ils  to show 

in te ractio n  o f dim ensions and determ ines dim ensions to  be independent, 

w h ile  Goodman (1975) fu rth e r descredits the index by arguing th a t there 

does n o t seem to  be any ecological process th a t corresponds to  th is  

" im aginary" ordering o f ind iv idua ls. In  o the r w ords, the index values do 

no t re fle c t any b io log ica l mechanisms. Pielou (1972) states th a t the use o f 

two o r m ore indices m ay be required to do jus tice  to  the com plex notions
|
| o f niche and d ive rsity.
!

Simpson's Index, a Dominance Measure, gives the p ro b a b ility  o f any 

tw o ind iv idua ls  draw n a t random  from  an in fin ite ly  large com m unity 

belonging to  d iffe re n t species. Simpson's Index is also one o f the most
!

I popu la r d ive rs ity  indices in  use (M agurran 1988). However, it  also
i
! possesses some fundam ental problem s. The m ajo r c ritic ism  o f th is  index is|

th a t i t  tends to be a measure o f the "dom inance" concentration, o r in  other 

words, i t  is a measure o f the m ost common species and the rare species 

have little  influence on the sta tis tic  (May 1975, Pielou 1977, M agurran 

1988, Begon e t af. 1990). M oreover, Simpson's Index is a poor
I

d isc rim in a to r between sites. Since m ost studies o f d ive rs ity  involve 

com parisons between sites, Simpson's Index does n o t seem to  be the best 

choice. However, its  reciprocal is a better d iscrim ina to r, bu t it  is s till not as 

good as Shannon's. As w ell, Simpson's Index shows some sensitiv ity  to
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sample size.

Ecologists have m oved away from  the use o f the above types o f 

d ive rs ity  measurements tow ards com plex, b u t m ore ecologically accurate, 

analyses inc lu d in g  m ethods found in  m u ltiva ria te  sta tistics. Instead o f 

focusing on one in d ica to r species, ecologists m ust measure d ive rs ity  at 

d iffe re n t levels o f o rgan ization  and in tegra te  the results (Noss 1990). Noss 

(1990) outlines fo u r levels o f organization: regional landscape, com m unity- 

ecosystem, population-species, and genetic. This h ie rarchy concept 

im plies th a t b io log ica l d ive rs ity  be m onitored a t m u ltip le  levels o f 

organization as w e ll as a t m u ltip le  spatia l and tem poral scales. A lthough 

complex, th is  in teg ra tio n  o f in fo rm a tion  can lead to  m ore ecologically 

accurate descriptions o f the  organ izational level o f in terest,

P ITFALL TRAPPING

A review  o f the lite ra tu re  indicates both  benefits and lim ita tio n s  in  

using p itfa ll traps as a sam pling m ethod fo r ground dw elling insects and 

invertebrates. M arshall e t al. (1994) state th a t passive m ethods, such as 

p itfa ll trapp ing , co llect large num bers o f specimens, and rem ove bias, 

w hich is in troduced  in  active sam pling m ethods by d iffe rin g  a b ilitie s  o f 

ind iv id u a ls  to  co llect specimens. In  a d d itio n , passive m ethods are less 

labour intensive, and m any species n o t usually captured by active m ethods 

; can be trapped. O ther advantages o f p itfa ll trapp ing  include low  m onetary 

! expense, supplies th a t are re a d ily  available, extensive use in  previous
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studies, the lim ita tio n s  have been studied, and live  trapp ing, ba iting , and 

im m atures are a ll possible (M arshall etal. 1994).

In  con trast to  the  m any advantages o f p itfa ll trapp ing , several 

lim ita tio n s  o f the  m ethod also exist. According to M arshall et al. (1994), 

biased sam pling, flood ing, and the entrapm ent o f tou ris ts  are a ll 

possib ilities. C lark and Bloom (1992) agree th a t bias m ay be in troduced  in  

p itfa ll trap p in g  when covers over traps are used, because the covers m ay 

help  in  a ttra c tin g  th igm otaxic invertebrates seeking covering objects.

Several factors a ffect va ria tio n  in  tra p  catches, such as tem perature, 

the  am ount o f ground vegetation, the d iffe re n tia l suscep tib ility  o f species 

to  trapp ing  (due to  th e ir behaviour), popula tion size, and locom otor 

a c tiv ity  (Greenslade 1964, L u ff 1975, Adis 1979, H alsall and W ratten 

1988, and Topping and Sunderland 1992). L u ff (1975) concluded th a t trap  

e ffic ien cy also depended on the size, shape, and m ateria l o f w hich i t  is 

made, as w e ll as the characteristics o f the species lik e ly  to  enter the  trap , 

such as anim al size. According to  L u ff (1975) glass traps have the best 

re ta in in g  e ffic iency, fo llow ed by p lastic then m etal. In  add ition , la rger 

traps are m ore e ffic ie n t than sm aller traps as they can trap  both  la rger 

in d iv id u a ls  and a greater num bers o f ind iv idua ls  (L u ff 1975). In  

concordance w ith  Luff, Adis (1979) notes the im portance o f the d iam eter 

o f the  trap  in  re la tio n  to  sam pling effectiveness o f p itfa ll traps.

W ith  respect to  ground beetles (Coleoptera;Carabidae), it  was
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determ ined by Greenslade (1964) tha t w hile  d ire c t popula tion counts in  

quadrats showed s im ila r num bers o f d iu rn a l and nocturna l species, p itfa ll 

traps contained s ig n ifica n tly  h igher numbers o f nocturna l species than 

d iu rn a l. Conversely, Halsall and W ratten (1988) found no differences in  

the capture ra te  between d iu rn a l and nocturna l carabid species. However, 

Baars (1979a) found th a t day-active carabid species are caught less in  

traps w ith  d a rk  roofs, whereas n igh t-active  species showed no d ifference 

in  num bers caught under dark o r lig h t coloured roofs.

In  a study com paring p itfa ll trapping and so il sam pling in  assessing 

carabid beetle populations, Briggs (1960) reported th a t tem perature was a 

m ain determ in ing facto r in  the numbers o f carabids caught in  p itfa ll traps. 

He found th a t increases in  num bers caught were o ften  associated w ith  

h igher tem peratures and recent ra in  fa lls (Briggs 1960). Dennison and 

Hodkinson (1984) agree th a t the efficiency o f p itfa ll trapp ing  should rise 

w ith  tem perature as the m o tility  o f the beetles increases.

Much o f the lite ra tu re  on p itfa ll trapp ing  indicates d ifficu ltie s  in  

in te rp re tin g  the data. Because o f the large num ber o f uncontro llab le  

variables, such as tem perature and ra in  fa ll, p itfa ll trap  data in te rp re ta tio n  

m ust be used w ith  caution. D irect estimates o f popula tion  density o f 

p a rticu la r species are d iffic u lt due to the m any po ten tia l sources o f e rro r 

(Southwood 1978, Dennison and Hodkinson 1984). However, Uetz and 

U nzicker (1976) found p itfa ll trapping gave a closer estim ate o f the to ta l
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num ber o f species in  a com m unity than quadrat sam pling. They suggest 

th a t p itfa ll trapping can be used, w ith  caution, in  ecological studies. Baars 

(1979a) found tha t the use o f continuous p itfa ll sam pling could be used as 

a re la tive  measure o f the size o f carabid populations.

Spence and Niemela (1994) compared p itfa ll tra p  catches o f carabids 

to  qua n tita tive  data about beetle density obtained b y litte r  washing, and 

found  th a t the same species th a t dom inated the p itfa ll samples were also 

found  num erously in  litte r  washing samples, bu t the re la tive  abundance o f 

species collected by the two m ethods d iffe red . For exam ple, Pterostichus 

adstrictus Say com prised up to  57% o f the catch in  p itfa ll traps bu t on ly 

14% using the litte r  washing technique. Spence and Niem ela (1994) 

genera lly concluded th a t large bodied species were re la tive ly  more 

comm on in  the p itfa ll traps w h ile  sm all bodied species were m ore common 

in  litte r  washing. In  add ition , they state th a t p itfa ll samples are m ost 

useful fo r com paring carabid a c tiv ity  from  year to year o r across s im ila r 

habitats. M oreover, p itfa ll trapp ing  is the on ly  a lte rna tive  when 

conducting surveys o f large geographical areas where the objective is a 

qua lita tive  inven to ry and com parison o f assemblages.

In  a ttem pt to decrease the am ount o f unexplained variance in  the 

corre la tions and im prove the accuracy o f any predictions based on them, 

Dennison and Hodkinson (1984) u tilized  a transform ation, w hich gave 

them  a be tte r measurement o f species d ive rs ity  o f the to ta l beetle

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18
popula tion . However, Dennison and H odkinson (1984) ind icate  results 

w hich  are based on a single sam pling techniques m ay be subject to  large 

errors.

Several assum ptions m ust be made in  using p itfa ll trap p in g  as a 

sam pling m ethod. F irstly , the researcher m ust assume th a t the 

com position o f the catch corresponds to  the re la tive  abundance in  the fie ld  

(Topping and Sunderland 1992), and, secondly, th a t every species has an 

equal chance o f being captured (H alsall and W ratten 1988). H alsall and 

W ratten (1988) determ ined th is second assum ption to  be false fo r species 

o f Carabidae as they related differences in  capture rates to  the d iffe rin g  

a b ility  o f carabid species to perceive the  tra p  edge. They also ind icate  th a t 

species w ith  special physical ab ilities, such as the a b ility  to clim b, w ould be 

p o o rly  represented in  fie ld  catches, even i f  present in  h igh densities. 

GROUND-BEETLES (COLEOPTERA, CARABIDAE)

E co log ica l F unctions o f C arabidae 

Feeding b v C arab id  Beetles 

Carabids appear to  be p rim a rily  o pp o rtu n is tic , polyphagus predators 

(Jennings etal. 1986). The m a jo rity  o f the  knowledge gained on the 

subject o f carabid n u tritio n  has been form ed through labo ra to ry 

observations, a t least fo r carabids w ith  e x tra in tes tin a l d igestion. However, 

fie ld  investigations have also been conducted on carabids by way o f 

analyses o f the contents o f the digestive tra c t. Thie le  (1977) states tha t
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th is  m ethod o f investiga tion  is o n ly  applicable to  carabids th a t tear up and 

ingest th e ir prey w ith  little  o r no e xtra in testin a l d igestion. Skuhravy 

(1959) studied the crop  and in tes tin a l tracts o f 2382 carabid beetles from  

12 d iffe re n t species and found differences in  com position o f d ie t. He also 

found  th a t some species consumed va rying  p roportions o f p lan t m atter, 

and, in  a few cases, food com position va ried  according to  season. In  

general, prey item s o f carabids in  Skuhravy’s (1959) experim ent consist o f 

A rachnida, Acari, Form icoidea, Lepidoptera larvae, A phidoidea and o the r 

Hom optera, Coleoptera and th e ir larvae, Tenthred in idae larvae, 

Thysanoptera, H eteroptera, Derm aptera, Collem bola and Chrysopa larvae.

M ost carabid species tend to  consume a w ide va rie ty  o f prey item s, 

w h ile  o n ly  a few genera show a h igh degree o f specia lization (Thiele 1977). 

The b u lk  o f investigations reveal th a t carabid species o f approxim ately the 

same size show sim ila r  preferences w ith  respect to  prey in  any one 

hab ita t. However, the  large va rie ty  o f p rey item s indicates th a t 

com petition  fo r food is n o t an im p o rta n t facto r fo r carabids.

A  study on p rey recogn ition  o f C icindelidae, a fa m ily  previously 

included in  the Carabid fam ily , revealed visua l s tim u li to  be o f great 

im portance (Faasch 1968). In  th e ir n a tu ra l environm ent as w ell as in  the 

labora to ry, C icindelidae were able to  perceive p rey the size o f Cantharis a t 

a distance o f 20-30 cm  and prey the size o f an a n t a t about 10 cm. 

C icindelidae w ill random ly p ick up objects in  th e ir path and then use
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chem ical cues to  d istingu ish  between food item s and non-food item s. 

However, the behaviour o f the various carabid species w ill d iffe r from  th a t 

o f C icindelidae depending on several factors includ ing  w hether o r no t the 

species is d iu rn a l o r nocturnal and the im portance o f anim al p ro te in  in  the 

d ie t. A  noctu rna l species may use chem ical senses in  locating p rey item s 

m ore than it  uses visua l cues.

It  has been known fo r years th a t p la n t m ateria l constitu tes a certa in  

p ro po rtion  o f m any carabid species' d ie ts (Thiele 1977). Some species are 

able to  u tiliz e  both  p la n t and anim al m atter, w h ile  others are exclusively 

carnivorous o r herbivorous. Johnson and Cameron (1969) determ ined the 

uptake o f p la n t m ateria l by various ground beetle species. Laboratory 

results on 14 species includ ing  three Amara, three Anisodactylus, three 

Agonum, three Harpalus, Agonoderus pallipes, and Pterosdchus vulgaris 

ind icated th a t they a ll ate grass seeds in  varying  quantities, even when 

anim al m atter was available a t the same tim e.

Some carabid species have been shown to consume insect eggs (Van 

D in ther and M ensink 1971). A  preference o f house-fly eggs (Musca 

domestica L.) was found fo r three species o f Bembidion, a group o f sm all

sized carabids. However, o ther species consumed eggs o n ly  on occasion, 

w hile  la rger species includ ing  Pterosdchus showed little  in te rest in  the 

eggs. Findings such as these have helped to  establish carabids as pest 

con tro l agents in  agricu ltu re  and fo restry.
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Brunsting etal. (1986) exam ined the ro le  o f larvae in  the popula tion  

ecology o f Carabidae. Brunsting etal, (1986) found th a t cannibalism  is an 

im po rtan t m o rta lity  fa c to r fo r carabids even a t na tu ra l densities. 

Cannibalism  was also influenced by the am ount o f food available. Loreau's 

(1990) find ings agree w ith  th a t o f B runsting et al. (1986).

A c tiv ity  P a tte rns in  C arabidae: A n n u a l A c tiv ity  and L ife  

C ycles

As a general ru le , a ll carabids have o n ly  one generation per year in  

the tem perate zones (Thiele 1977). However, Loreau (1985) stresses the 

v a ria b ility  o f the cycle in  many species, and, in  pa rticu la r, along a 

la titu d in a l gradient. A  nord ic w in te r forces carabids to  concentrate th e ir 

a c tiv ity  towards sum m er and to  conform  to a s tric t life  cycle pattern , w hile  

m ild e r w inters fu rth e r south allows life  cycles to  be more flex ib le  and 

m ore evenly d is trib u te d  th roughout the year.

Carabids can hibernate as adults o r as larvae (Thiele 1977). 

Reproduction can occur a t d iffe re n t tim es o f the year. “Autum n-breeders” 

reproduce in  autum n o r in  m id- summ er onwards and norm a lly h ibernate 

as larvae. “Spring-breeders w ith  autum n a c tiv ity  “  h ibernate as adu lts and 

breed from  spring to  e a rly  summ er a fte r w hich the m a jo rity  d ie  o ff. The 

new generation appears in  the autum n as it  becomes fu lly  active and 

reproduces subsequent to  h ibernation. “ Spring-breeders w ith o u t autum n 

a c tiv ity ” fo llow  the same pattern  as those w ith  autum n a c tiv ity  except the
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young beetles e xh ib it ve ry little  a c tiv ity  fo llow ing  eclosion in  autum n. 

Dorm ancy is governed by photoperiod fo r some species and tem perature 

fo r others depending on th e ir life  cycle.

Loreau (1986) exam ined niche d iffe re n tia tio n  and com m un ity 

organization in  fo rest Carabid beetles. He found th a t the annua l a c tiv ity  

cycle and d ie t are the  two m ain characteristics responsible fo r niche 

d ifferences among coexisting species. In  general, species w ith  s im ila r 

periods o f a c tiv ity  have d iffe re n t diets, and species w ith  s im ila r d ie ts have 

d iffe re n t periods o f a c tiv ity . M oreover, it  is the expectation th a t closely 

re la ted species tend to  have s im ila r niches and th a t niche d iffe re n tia tio n  

m ay then occur in  a m ore precise m anner.

C arab id  M o b ility  

Thiele (1977) exam ined the speed o f locom otion o f various carabid 

species from  w ide ly  d iffe rin g  habitats. He revealed speeds o f 

approxim ate ly 10 cm /s over 30 cm distances on a sm ooth surface. These 

speeds correspond to  several metres per m inute. In  a fie ld  investiga tion  

Refseth (1980) found th a t habitats w ith  an open fie ld  laye r pe rm itted  

greater speed o f m ovem ent w hich resulted in  greater tra p p in g  frequencies 

than  those obta ined in  habitats w ith  a m ore dense vegetation cover. 

Refseth (1980) emphasizes th a t his rem arks app ly p a rtic u la rly  to  la rger 

species, w hich tend to  move faster than sm aller ones, and are m ore easily 

trapped.
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I t  seems carabids have adapted th e ir locom otor habits to  th e ir life  

styles. Evans (1986) found th a t carabids extend over m uch o f the 

speed/force spectrum  clea rly  ind ica ting  carabid beetles’ capabilities as 

speed/force specialists (force being the equivalence o f streng th). Evans 

(1986) investigation revealed th a t burrow ing species tend to  possess more 

massive legs and have larger muscles fo r stronger wedge and horizon ta l 

pushing. However, larger, stronger legs reduce m axim um  s p rin t speed as 

the beetle’s stride  is slower. M oreover, Evans (1986) lin ks  rap id  runn ing 

as the  ancestral norm  w hile  push ing /burrow ing  represents new ly evolved 

behaviour.

Knowledge o f the po ten tia l speed o f carabids does n o t reveal the 

actua l patterns o f th e ir movement. Baars (1979b) revealed tw o patterns 

o f m ovem ent: “ Random W alk” and “ D irected M ovem ent” . “Random W alk”  is 

characterized by the coverage o f sm all distances and a con tinua l change o f 

d ire c tion , w hile  “ D irected Movement”  is characterized by the coverage o f 

long  distances in  a m ore o r less constant d irection . In  h is experim ent 

Baars (1979) noted d irected movement up to  87 m /d a y , and supposed 

th a t d irected  movement was a valuable strategy fo r escaping unfavourable 

habita ts. Furtherm ore, Baars (1979) in fe rre d  th a t the random  w alk was 

the resu lt o f frequent encounters w ith  food.

An investigation on carabid m o b ility  by G rum  (1971) found th a t 

satiated ind iv idua ls  showed low m o b ility  w h ile  hungry ones were very
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m obile. These results seem to  concur w ith  the find ings o f Baars (1979b) in  

th a t random  w alk covers short distances and frequent encounters w ith  

food. G rum  (1971) determ ined th a t fo r two species, Pterosdchus 

oblongopunctatus Fabricius and P. vulgaris auct. nec Linnaeus, mean 

m o b ility  decreased along w ith  im proved site conditions and was highest on 

the pe riphery o f the population area.

M any carabid beetles possess the  a b ility  to fly , however, den Boer 

(1971) considers th is a b ility  to  be p rim a l. F ligh t o f carabids is closely 

re la ted to  the presence and degree o f developm ent o f the h in d  w ings.

M any species have lost th e ir h ind  w ings over evo lu tionary tim e o r they 

have become polym orphic o r d im orph ic  (Thiele 1977). W ith in  a species o r 

w ith in  a single population, ind iv idua ls  w ith  w ell developed h in d  w ings 

(m acropterous) may occur alongside ind iv idua ls w ith  reduced h in d  w ings 

(brachypterous). According to  Thiele (1977), even ind iv idua ls w ith  w ell 

developed w ings are no t necessarily capable o f flig h t. A species such as 

Pterosdchus oblongopunctatus, w hich possesses w ell developed h in d  wings 

is no t know n to  fly . Paarmann (1966) suggests th a t the ra tio  o f body 

length to  w ing length (1:0.68) is n o t su ffic ie n t fo r th is species to fly . In  

o the r words, the wings are too sm all in  re la tion  the body size. Crowson 

(1981) suggests th a t the m acropterous cond ition  is m ost often found in  

unstable populations where dispersal is common, whereas, the 

brachypterous cond ition  is found in  m ore stable populations. S im ila rly,
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M ader (1986) indicates th a t the m a jo rity  o f pioneer species tend to  be 

fu lly  w inged, w hile  non-pioneer species (eg. tran s ition a l species and 

second co lon ization species) tend to  have s lig h tly  less o f a tendency to  be 

fu lly  w inged. In  add ition , M ader (1986) states th a t varia tions in  the 

carabid fauna are due to changes in  the environm ent, especially the 

vegetation.

S p a tia l D is trib u tio n  o f C arabids 

I t  has been determ ined by Niem ela (1990) and Niem ela etal. (1992) 

th a t ground-beetles show non-random  spatia l d is trib u tio n s both w ith in  

and between habitats. Niemela (1990) found th a t ground-beetles tend to  

occur in  aggregations and were associated w ith  p a rticu la r m icrohab ita t 

types. Niemela (1990) also determ ined th a t ants can a ffect the sm all scale 

d is trib u tio n  o f carabids where an increase in  the ant catch corresponded to 

a decrease in  the carabid catch. Results o f Niemela etal. (1992) indicated 

th a t the fo rest is a patchy environm ent fo r carabids and th a t va ria tio n  in  

so il m oisture is an im portan t facto r in  carabid d is trib u tio n .

H istorica l lite ra tu re  concerning the d is trib u tio n  o f ground-beetles 

and ants ind icated th a t ants d id  not have a large ro le  as enemies o f 

carabids (Thiele 1977). However, Kolbe (1968) determ ined th a t ants can 

exert a considerable influence on carabid populations. The results o f a 

fie ld  study ind icate  a sharp decrease in  num bers o f ind iv idua ls  and o f 

species o f carabids and a ll o the r so il-dw e lling  Coleoptera in  the v ic in ity  o f
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ants's nests. Kolbe (1969) states th a t carabids are attacked and can be 

in ju re d  by ants, and th a t ants can exert a d e fin ite  influence in  the chances 

o f a carabid occupying a p a rticu la r hab ita t.

H u m id ity  and C arabids 

M ost h u m id ity  experim ents are conducted in  laboratories using 

choice chambers. Anderson (1985) exam ined the  h u m id ity  responses and 

w ater balance o f rip a ria n  species o f the  trib e  B em bid iin i (Coleoptera: 

Carabidae). He u tilize d  choice cham bers w ith  va rying  levels o f h u m id ity  

and tem perature. Several species in itia lly  showed a hygronegative 

reaction  fo llow ed by a change to  a hygropositive  one. Andersen (1985) 

found  th a t the  d u ra tio n  o f the hygronegative reaction varied  w ith  species 

age, tem perature, and re la tive  h u m id ity . Two species, Bembidion litorale 

(O liv ie r) and B. semipunctatum (Donovan) changed response when they 

had lo s t 8-9% o f th e ir in itia l body w eight in  w ater. In  add ition , 

tra n sp ira tio n  ra te  appeared to  be inverse ly p ro po rtion a l to  the re la tive  

h um id ity .

In  h u m id ity  responses o f species o f B em bid iin i a co rre la tion  between 

between behav io u r/h ab ita t a ffin ity  and h u m id ity  response exists 

(Andersen 1985). For example, d iu rn a l species liv in g  in  sandy, s ilty , o r 

h a lf exposed habitats had an in itia l hygronegative response, whereas those 

species w hich h ide among g ra ve l/ stones, leaves o r vegetation were 

in d iffe re n t o r hygropositive. O ther studies do n o t show such a d e fin ite
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trend . However, Thiele (1977) poin ts ou t th a t carabids possess a ve ry w ell 

developed a b ility  to  d istingu ish  between sm all differences in  a ir hum id ity .

P re fe rre d  L ig h t In te n s ity  and  H a b ita t A ffin ity  

According to  Thiele (1977), a d e fin ite  corre la tion  between preferred 

lig h t in te n s ity  and hab ita t a ffin ity  exists. Generally, carabids w hich show a 

preference fo r lig h t in  a lig h t in te n s ity  grad ient tend to  be day active. 

S im ila rly, carabid species showing a preference fo r darkness were alm ost 

always n ig h t active. Species e xh ib itin g  no preference were o ften  both day 

and n ig h t active. Furtherm ore, n ig h t active carabids p re fe rring  darkness 

were m ost o ften  fo rest species and day active carabids showing various 

degrees o f lig h t preference were m ost o ften  fie ld  species.

CARABID BEETLES AS BIOLOGICAL INDICATORS

The use o f carabid beetles as b io log ical indicators has been w ell 

docum ented. According to Refseth (1980), carabids are w e ll known 

taxonom ically, therefore, th e ir id e n tifica tio n  is easy. As w ell, m ost species 

are restric ted  to  a p a rticu la r h a b ita t bu t are able to move in  response to 

environm ental changes. Jenkins (1971) indicates pe rtinen t c rite ria  fo r the 

selection o f b io log ical m on ito ring  organisms. These c rite ria  include: 1. 

Cosm opolitan, 2. Abundant, 3. Sensitive to  p o llu tion  -  frag ile , 4. Show w ell 

defined response, a. change o r m utate, b. die o r decrease, c. replacem ent, 5. 

N ontarget species -  n o t objects o f con tro l, 6. Changes v is ib le  by rem ote 

sensing. Based on the above c rite ria  and on previous studies o f carabid
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beetles and po llu tion , carabids meet a t least five  o f the six c rite ria , 

ind ica ting  tha t the role o f Carabidae as bio indicators is lim itless (Freitag 

1979). Present and fu tu re  studies may be able to u tilize  rem ote sensing to  

show changes over large geographical areas. O ther sensitive c rite ria  m ay 

com prise o f a su ffic ien t se n s itiv ity  to provide an early  w arning o f change, 

a capab ility  o f p rovid ing  a continuous assessment over a w ide range o f 

stress, a re la tive  independence o f sample size, easy and cost effective to  

measure, collect, assay, a n d /o r calculate, an a b ility  to d iffe re n tia te  

between natural cycles o r trends and those induced by anthropogenic 

trends, and a relevance to  ecologically sign ificant phenomena (Cook 1976, 

Sheehan 1984, M unn 1988).

Specific sensitive c rite ria  o f early warnings o f change are given by 

Freitag (1979) who showed th a t carabid beetles are sensitive to  a va rie ty  

o f pollutants, such as o il p o llu tio n , atm ospheric po llu tants, tra ffic  p o llu tio n , 

insecticides and herbicides. Duchesne and M cAlpine (1994) also recognize 

carabid beetles as ind ica tors o f so il d ive rs ity  a fte r disturbances caused by 

a va rie ty  o f factors inc lud ing  fo rest fire , clear-cutting, scarifica tion , 

p o llu tio n , land reclam ation, management o f prim eval o r o ld  grow th, and 

clim ate change. M oreover, carabids are good ind icators o f b io logical 

com m unities because they are im portan t predators in  fo rest soils.

The effects o f insecticides on carabid beetles has been studied 

extensively (Freitag etal. 1969, Freitag and Poulter 1970, Freitag etal.
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1973, T om lin  1975). Each o f these studies found decreases in  carabid 

populations during  and a fte r the spraying o f insecticides. In  the  study 

conducted by Freitag and Poulter (1970), it  appeared th a t one year a fte r 

the fo rest was sprayed, there  was a suppression o f the a rth rop od  

popu la tion  a t sprayed stations.

CARABID DIVERSITY

M odern herbicide fo rm u la tions are generally m uch less tox ic than 

the herbicides o f the past. B rust (1990) investigated the d ire c t and 

in d ire c t effects o f fo u r herbicides inc lud ing  atrazine, sim azine, paraquat, 

and glyphosate on the a c tiv ity  o f carabid beetles. This fie ld  study, w hich 

was conducted a t the C entral Crops Research Station in  C layton, N orth  

C arolina, tested fo r acute and chron ic to x ic ity , and repe llen t effects on five  

com m on carabid beetles (Amara sp., Agonum sp., Pterostichus sp., 

Anisodactylus sp., and Harpalus sp.). None o f the herbicides produced any 

s ign ifican t acute o r ch ron ic effects on carabid longevity  and food 

consum ption du ring  one year a fte r exposure to  in itia l fie ld  ra te  

applications. However, carabids seem ingly responded to the destruction  o f 

p la n t m ateria l w hich, a fte r treatm ents, became less favourable to  la rger 

carabids (> 1 0  mm in  leng th). In  a dd ition , both glyphosate and paraquat 

had the greatest e ffect on carabids w ith in  tw o weeks o f treatm ents as 

few er large carabids were found  in  these treatm ents com pared to  the 

co n tro l. On the o ther hand, the  treatm ents tended no t to  have an e ffect on
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sm aller (<10 mm) carabid beetles. Brust (1990) argued th a t w ith  the loss 

o f canopy cover, so il surface tem peratures tend to  increase and so il 

m oisture levels decrease. This hab ita t change m ay create an unfavourable 

h a b ita t fo r m any o f the la rger carabids and possibly fo r th e ir prey 

(earthworm s, collem bola, crickets, lep idopteran larvae), w h ile  sm aller 

carabids are able to cope by burrow ing in to  the soil. B u tte rfie ld  and 

Coulson (1983) also contend th a t a change in  physical factors o f a 

p a rticu la r hab ita t inc lud ing  so il w ater content, vegetation height, and 

tem perature w ill a ffect the  carabid beetles found in  th a t hab ita t. The 

previous find ings o f Newton (1975) re in force  th is  idea adding th a t w h ile  

spray treatm ents have no physical im pact, w ild life  hab ita t is m od ified  

m a in ly w ith  regard to  changes in  ra tio  o f favoured food species.

House (1988) conducted a com parable a g ricu ltu ra l study, w hich also 

occurred a t the Central Crops Research S tation in  N orth  Carolina. One o f 

the objectives o f the study was to q u a n tify  the im pact o f tilla g e  practices 

and herbicide usage on so il a rth ropod popula tion  dynam ics and tro p h ic  

com position. G round beetles were specifica lly exam ined because o f th e ir 

ro le  as a beneficial p redator o f ag ricu ltu re  pests. E ight treatm ents were 

designed form ing a g rad ient from  the highest disturbance (conventional 

tillag e , summer crop cu ltiva tio n , and herbicides applied) to  the lowest 

disturbance (continuous no-tillage, no herbicides). Results showed th a t 

p reda to ry so il arthropods, w hich were p redom inantly ground beetles, were
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m ost abundant in  the no-tillage w ith  herbicide treatm ent. S im ilar 

num bers were found in  a ll o f the rem aining treatm ents. O ther predatory 

a rth ropod  taxa caught included staphylin idae (Coleoptera), ants 

(Hym enoptera; Form icidae), spiders (Acarina; Araneae), and centipedes 

(Chilopoda).

Carcamo et al. (1995) conducted a s im ila r study w hich exam ined the 

effects o f agronom ic practice on ground beetle populations and com m unity 

structure . The experm inent was perform ed on cu ltiva ted  land a t the 

E llerslie  Research Farm near Edm onton, A lberta . A  nearby uncu ltiva ted  

meadow was also studied fo r com parison to  determ ine the general im pact 

o f cu ltiva tio n  on carabid abundance, d ive rs ity  and dom inance. Treatm ents 

included com binations o f chem ical, organic, conventional tillag e  and non

tillage  fann ing  regimes. Carcamo etal. (1995) found th a t ground beetle 

abundance and species richness were h igher in  p lots operated under an 

organic farm ing regime than in  those under a chem ical regim e. However, 

carabid abundance was highest in  the uncu ltiva ted  meadow.

Several authors have studied carabid d ive rs ity  and, specifica lly, 

patterns in  d ive rs ity  in  a changing environm ent. In  southern Belgium  

Baquette and Gerard (1993) determ ined the effects o f spruce p lantations 

on carabid beetles. They found th a t co lonizing species, w hich were m ain ly 

e ithe r generalist species (w ell fitte d  to  co lon ization) o r fo rest species, 

generally associated w ith  young spruce p lantations (< 1 0  years). Also, the
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greatest num ber o f carabid species was found in  the 5 year o ld  spruce p lo t 

as opposed to o lder spruce plots. In  add ition , th e ir study showed th a t the 

age o f the p lantation affects both species com position and richness o f 

carabid com m unities, and these varia tions are correlated w ith  changes in  

both structu ra l and vegetational characteristics o f the p lantations.

The im pact o f fo rest cu ttin g  on the d ive rs ity  o f carabid beetles has 

also been examined. Lenski (1982a and b) u tiliz in g  live  p itfa ll trapping 

and h ierarchica l analysis o f d ive rs ity , found a s ign ifican t increase in  the 

w ith in-genus com ponent o f species d ive rs ity  a fte r fo rest cu ttin g . However, 

the trend  in  intrageneric d ive rs ity  was obscured by a nonsign ificant 

reduction  in  d ive rs ity  a t the  generic level. Specifically, Lenski (1982b) 

found the abundances o f Carabus limbatus and C. sylvosus were much 

m ore evenly d is trib u te d  in  the clearcut than in  the forest.

Jennings etal. (1986) investigated carabid beetles associated w ith  

s trip  clear cuts and a dense sp ruce-fir fo rest in  Maine. Three levels o f 

cu tting  were examined inc lu d in g  clearcut strips, uncut residua l strips, and 

dense spruce-fir stands. For both  o f the study years (1977-78), 

s ign ifican tly  more ind iv id u a ls  were collected in  the uncut residual strips 

than in  clearcut strips o r dense stands. These results ind ica te  th a t s trip  

clearcutting may co n tribu te  to  species d ive rs ity  o f carabid beetles in  

northeastern United States spruce - f ir  forests as both species richness and 

evenness were increased in  strip -clearcu t stands than in  dense stands.
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M oreover, th e ir results support the hypothesis th a t d isturbances tend to 

increase species d ive rs ity . Jennings e ta /. (1986) also add th a t uncut 

residual strips p rovide  islands o f hab ita t where species and populations 

are m aintained.

Niemela e ta /. (1993a) studied the effects o f c learcut harvesting on 

boreal ground beetle assemblages in  W estern Canada. They used p itfa ll 

data to  compare re la tive  abundances w ith in  species between habitats, and 

to  assess hab ita t effects on carabid d ive rs ity . Results ind ica ted  th a t logging 

d id  no t have a negative e ffect on species richness, w hich a c tua lly  increased 

a fte r cu tting . However, some m ature forest specialists d id  disappear a fte r 

logging. Niemela e ta l. (1993b) outlined  general responses o f ground 

beetles to logging; 1) in itia lly , species typ ica l o f open, grassy habitats 

increase, 2) fo rest generalists decrease bu t seem to  recover w ith  forest 

regeneration, and; 3) some m ature forest specialists fa il to  colonize 

regenerating forests and are a t ris k  o f e xtinctio n  in  logged patches. These 

conclusions concur w ith  the previous results o f den Boer (1985) where he 

stated th a t rap id  and large scale changes in  the environm ent w ill favour 

opportun is tic  species, whereas m ost specialist species m ay d ie  ou t.

In  a com parison o f the effects o f logging and ground beetle 

assemblages in  western Canada and Finland, N iem ela e ta /. (1992) found 

th a t catches on both continents were equally h igh  o r h igher on sites cut 

less than 10 years ago than fo r sites in  the m ature fo rest. S im ila r changes
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in  carabid  assemblages on the  tw o continents were sum m arized as fo llow s; 

1) h igh  overa ll abundance in  the recently cu t sites, 2) h igh species richness 

in  the regeneration sites com pared to  the m ature sites, and; 3) 

disappearance o f some m ature fo re st specialists. These conclusions 

s tron g ly  agree w ith  the previous conclusions o f Day and C arthy (1988) 

whose research supports the hypothesis th a t the clearance o f n a tu ra l o r 

sem i-na tu ra l fo rest o ften  resu lts in  new fauna w ith  a loss o f fo rest 

specialists.

Duchesne and M cAlpine (1994) studied the effects o f sca rifica tion  

w ith  fire , and d ea rcu tting  w ith o u t fire  against a con tro l on carabid species 

com position, num ber o f catches, and species d iversity. They found th a t 

burned over sites had the highest species d ive rsity. Duchesne and 

M cAlpine (1994) also contend th a t the d iffe re n t results among the 

treatm ents m ay be a consequence o f physical and chem ical site  factors 

such as tem perature, vegetation cover, so il water content, o r by the 

in fluence o f site cond itions on carabid prey. In a s im ila r study P arry and 

Rodger (1986) analysed the e ffect o f so il scarification on the ground beetle 

fauna o f a Caledonian p ine fo rest in  Scotland. The three hab ita t types in  

th e ir s tudy were a n a tu ra l fo re st (no fo re stry  operations), scarified 

Caledonian pine areas, and rive rin e  areas w ith  scattered tree cover. Parry 

and Rodger (1986) found  th a t scarified  forests had the highest species 

d iv e rs ity  o f the three h a b ita t types. These results agree w ith  th a t o f
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Duchesne and M cAlpine (1994) in  th a t na tu ra l forests w ith  no fo re s try  

practices tend to have low er species d ive rs ity  than scarified  forests.

W hile logging operations m ay v irtu a lly  e lim inate m any p lan t species 

from  an area, release treatm ents tend o n ly  to  change the re la tive  

abundance o f p lan t species(Lautenschlager 1991, 1993). In d iv id u a l 

species are seldom e lim inated because treatm ents are designed to  reduce 

com petitive  vegetation, n o t e lim inate  i t  In  add ition , trea tm en t areas often 

conta in  skips (ie. areas th a t are missed by treatm ents), and low  grow ing 

vegetation is o ften  excluded by sprays as it  is sheltered by ta lle r 

vegetation.

RELEASE TREATMENTS 

M echan ica l Release T echn iques

Before w idespread use o f herbicides, m anual release w ith  brush saws 

was a p rim a ry  mode o f com petition  rem oval. However, due to  h igh  labour 

costs and w orker in ju ry , chem ical a lternatives seemed preferable  to many 

fo re s try  companies and fo rest managers. In  the wake o f a renewed 

environm enta l awareness in  the la te  1980’s non-chem ical vegetation 

management techniques were again being sought. M anual vegetation 

management w ith  brush saws is now looked upon as a m ore 

“ environm enta lly frie n d ly ” a lte rna tive  to chem ical herbicides. However, 

v irtu a lly  no studies have considered the effects o f m anual techniques such 

as brush saws on non-target organism s inc lud ing  insects. I reasoned tha t
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th is  lack o f in fo rm a tio n  is due to  the fact th a t when m anual techniques 

were w ide ly u tilize d , environm ental assessments were n o t common 

practice. Also, no lite ra tu re  exists w hich compares chem ical and non

chem ical m ethods o f release on non-target biota. However, the differences 

between chem ical and non-chem ical m ethods can be measured by the 

differences in  the  behaviour o f ecosystems, w h ile  these ecosystems are 

headed towards the same long-term  objectives (Newton 1975).

In  a d d itio n  to  chem ical and m anual m ethods, the com bination o f 

technology and ingenu ity  has brought fo rth  new m echanical techniques in  

vegetation management. The Silvana Selective/Ford Versatile Cleaning 

Machine was created th rough the a d d ition  o f Swedish technology (a boom) 

m ounted onto a conventional Canadian Ford Versatile b id irectiona l tra c to r 

(S t Am our and Ryans 1992). The boom its e lf has a reach o f 5.5 metres 

w ith  fo u r cu ttin g  heads sandwiched between two discs. St. Am our and 

Ryans (1992) made an operational assessment o f the Silvana 

Selective/Ford V ersatile  cleaning m achine and found th a t in  Quebec, the 

Silvana Selective/ Ford Versatile operation can be econom ical fo r 

p lantation cleaning.

The O ntario  M in is try  o f N atural Resource’s Vegetation Management 

A lternatives Programme (OMNR’s VMAP) is assessing the Silvana 

Selective/Ford V ersatile  cleaning m achine fo r its  environm ental im pact a t 

the Fallingsnow Ecosystem Project located southwest o f Thunder Bay,
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O ntario. In  th is  study the machine was used fo r o n ly  the second tim e in  

Canada. Sweden experienced a s im ila r p u ll away from  chem ical herbicides 

in  the la te  1970%  resu lting  in  a research program  to  develop m echanized 

cleaning machines. A fte r various systems were developed and trie d , the 

S ilvana Selective cleaning m achine was created. This la test system  is the 

m ost advanced in  th a t the tra c to r has a ground clearance o f fifty -e ig h t 

centim etres (cm ) when equipped w ith  one-hundred and forty-seven cm 

diam etre tires, and the boom is able to  m ain ta in  the same h e ig h t in  the 

h o rizon ta l plane w h ile  being retracted o r extended. The S ilvana 

Selective/Ford V ersatile  cleaning m achine has n o t been the subject o f a 

non-target im pact study before now, therefore , the o n ly  in fo rm a tio n  found 

is opera tiona l in  nature.

H e rb ic id e s

Herbicides are used predom inantly fo r weed and brush con tro l, both 

fo r the establishm ent o f seedlings as w e ll as fo r the release o f seedlings 

from  com peting species (N orris 1984). A ll herbicides used in  Canada m ust 

undergo s tring en t testing  and be registered fo r use, and th e ir use is lim ite d  

to  label instructions. According to N orris (1984), tra d itio n a l ris k  

assessments are genera lly assessments o f single organism s, n o t o f 

ecosystems. A d d itio n a lly , he states the im portance o f s tudying  the 

in d ire c t effects o f herbicides, w hich have been la rge ly ignored, and w hich 

"m ay be o f equal o r greater im portance in  m ain ta in ing  the s truc tu re  and
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fu n c tio n  o f an ecosystem and the w e ll being o f its  inhab itan ts". Since 

herbicides d ire c tly  a ffect p lan t cover, the anim al hab ita t is m od ified  w hich, 

consequently, influences the ca rry ing  capacity fo r specific w ild life  species. 

In d ire c t effects o f fo rest release using herbicides can be long lasting  as 

they can transform  the short te rm  com position as w ell as the long term  

course o f succession o f the p lan t com m unity (Newton and N orris 1976). 

Furtherm ore, the developm ent o f a dom inant tree cover affects a ll 

subord inate vegetation, thus, in d ire c tly  a ffecting  a ll non-target biota.

In  a study by M ayack et al. (1982), abundance o f te rre s tria l 

invertebrates in  herb icide treated forested watersheds was com pared to 

abundance in  con tro l watersheds. Mayack et al. found no consistent 

va ria tio n  in  the abundance o f A carina and o the r forest invertebrates in  

hexazinone treated watersheds and the contro ls. However, devegetation o f 

a forested ecosystem can d is ru p t the regu la tion  o f several processes such 

as the hydrologic cycle, energy flow , decom position, m inera liza tion , 

erosion, and n u trie n t cycling, thus the  d is ru p tio n  o f these processes w ould 

p robab ly a lte r the abundance o f te rre s tria l invertebrate  com m unities 

w ith in  the ecosystem. Mayack e t al. (1982) conclude th a t the rem oval o f 

the  vegetation, n o t herbicide to x ic ity , is p robably responsible fo r the 

decrease in  abundance in  the m acroinvertebrates, w h ile  the increase in  

•ligh t and heat a t the fo rest litte r  laye r probab ly forced sm aller 

invertebrates deeper in to  the soil.
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H erbicide use versus m echanical site preparation was studied by 

Nelson et al. (1984). Nelson e t al. (1984) found th a t a long term  

com parison o f grow th and y ie ld  w ould be required fo r a proper 

com parison, b u t added th a t weed com petition can be severe on good sites 

fo llow ing  m echanical site  preparation.

G lvp h o sa te

Glyphosate, the active ing red ien t in  the herbicide V ision, has been 

the subject o f m any studies since its  reg istra tion  fo r site preparation and 

co n ife r release in  Canada. G lyphosate is a non-selective herbicide, effective 

on grasses, herbs, deep-rooted perennia l weeds, brush and trees (Canadian 

Pulp and Paper Ass. 1985). In  spray applications, glyphosate is absorbed 

th rough  the leaves and is translocated throughout the p la n t The function  

o f glyphosate is to  in h ib it the fo rm ation  o f an essential am ino acid in  

p lants, causing m etabolic fa ilu re  and death. In con ife r release, spraying 

m ust be ca rried  o u t a fte r the conifers have developed w ell-se t buds and 

before abscission begins.

G lyphosate is p ra ctica lly  non-toxic to p o llin a to r invertebrates 

(Canadian Pulp and Paper Ass. 1985). In  add ition, there is a lack o f 

re ten tion , and a rap id  e lim in a tion  o f glyphosate shown in  studies w hich 

indicates th a t bioaccum ulation in  the food chain w ill no t occur. Most 

a e ria lly  applied glyphosate is non-m obile  in  soils. V ision contains IPA 

glyphosate, w hich rea d ily  biodegrades in  so il in to  carbon dioxide, water,
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n itrogen, and phosphorus (Canadian Pulp and Paper Ass. 1985).

Several studies on the adsorption, persistence, m ovem ent, and 

degradation o f glyphosate in  d iffe re n t so il types have been undertaken 

w ith  va rying  results. Eberbach and Douglas (1983) found th a t w hile  

glyphosate m ay be ra p id ly  inactiva ted  in  some soils, th is  is n o t the case fo r 

a ll soils. They have ind icated th a t in a c tiva tio n  is slow in  soils o f h igh  sand 

content. In  Saskatchewan soils, Sm ith and A ub in  (1993) reported  faster 

degradation o f glyphosate in  clay so il than in  a loam y sand. S im ila rly ,

Glass (1987) revealed th a t the adsorp tion  o f glyphosate decreased in  the 

fo llow ing  order: clay loam > s ilt loam  > sandy loam, and he ind icated  th a t 

adsorp tion  appears to be re la ted to  the clay content o f the various soils. 

These results are in  concordance w ith  Sprankle e t al. (1975) who reported

th a t m ore glyphosate was absorbed by a clay loam  than a sandy loam .

In  add ition , Glass (1987) reported th a t so il pH had no e ffect on glyphosate 

adsorption.

An im po rtan t fin d in g  on the dynam ics o f glyphosate in  Canadian 

borea l fo rest soils was discovered by Roy e ta /. (1989). In  th is  study Roy 

e ta /. (1989) determ ined th a t glyphosate was essentially non leachable and 

non m obile down an 8 degree slope in  e ith e r the ru n  o ff w ater o r th rough 

subsurface flow  in  one selected clay site. S im ila rly, Feng and Thom pson 

(1990) found th a t glyphosate was n o t susceptible to  leaching.

Glyphosate has been reported as being a non-toxic substance to
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non -ta rge t organism s. One recent study b y W ardle and Parkinson (1990) 

dem onstrated how glyphosate m ay even be u tilized  by liv in g  organisms. 

T h e ir s tudy ind ica ted  a s tim u la to ry  e ffect o f the herbicide on so il bacterial 

num bers and fu ng i. A  lik e ly  explanation fo r the effect is th a t m any fungal 

species u tiliz e  glyphosate as a resource, and, although glyphosate may 

in fluence  fu n g i d ire c tly , the chem ical m ay also have in d ire c t effects on 

organism s w hich  u tilize  and in te ra c t w ith  the fungus.

Kreutzw eiser etal. (1989) determ ined the effects o f glyphosate on 

the d r if t  response o f stream  invertebrates. They found th a t the 

app lica tion  o f glyphosate on o r adjacent to  sm all stream trib u ta rie s  o f 

C arnation Creek d id  not resu lt in  undue disturbance o f stream  

invertebrates. However, Kreutzw eiser e ta l. (1989) d id  fin d  th a t ae ria lly  

app lied  glyphosate d id  produce, a t most, s lig h t and ephem eral d r ift 

increases o f one m ayfly  species.

A  Forest Research Report o f the Nova Scotia D epartm ent o f Lands and

Forests (1989), found th a t low er than recommended rates o f V ision1111

were e ffective  in  co n tro llin g  the m ajor species o f com peting vegetation in  

th a t reg ion, in c lu d in g  raspberry and red m aple. As these are early results 

(tw o years a fte r app lica tion), substantia l decreases in  the com petition 

in d ic y  o f a ll com peting species together resulted, even when using the

low est rates o f V is ion1311. A d d itio n a lly , when a decrease in  the cover o f

ta rge t species occurred, a considerable increase in  the cover o f non-target
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species occurred.

T r ic lo o v r

S im ilar studies have been made on the effects o f tric lo p y r, the active

ing red ien t in  the herbicide, Release, on various environm ental components.

T ric lo p y r is used in  rig h t o f way, forest, and range vegetation management 

program s (Bentson and N orris 1991). In  a study w hich determ ined fo lia r 

penetra tion and d issipation o f tric lo p y r butoxyethyl ester herbicide on 

leaves and glass slides in  the lig h t and dark, Bentson and N orris (1991) 

dem onstrated the im portance o f tem perature in  the decom position o f 

tric lo p y r BEE fro m  deposits. They found th a t a rise in  tem perature caused 

an exponential increase in  the decom position o f tric lo p y r BEE, and an 

increase in  fo lia r penetra tion depending on species. In  add ition , Bentson 

and N orris (1991) reported tha t tric lo p y r penetrates the foliage o f some 

p la n t species m ore rea d ily  than others, and where there is greater fo lia r 

penetration, tric lo p y r loss is reduced. The im portance o f photodegradation 

o f tric lo p y r was also evident when o th e r processes such as w ash-off, 

m etabolism , and vo la tiza tion  were n o t in  operation.

U nlike glyphosate, tric lo p y r dissipates ra p id ly  in  both clay and sandy 

soils (Stephenson etal. 1990). However, s im ila r to glyphosate, 90% o r 

m ore o f the tric lo p y r was recovered from  the upper organic layer o f both  

clay and sandy soils. As w ell, Stephenson etal. (1990) reported little , i f  

any, d ifference in  leaching o f tric lo p y r in  the two soil types; both so il
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types dem onstrated little  m o b ility  o f the chem ical, therefore, problem s 

w ith  persistence and m o b ility  in  soils typ ica l o f northern  O ntario fo re s try  

soils are n o t lik e ly  to  occur. These results agree w ith  the ea rlie r find ings 

o f Lee etal. (1986), who reported no movement o f tric lo p y r and its  

e thylene g lycol b u ty l e ther ester in  a fo rest so il. The soils' sorptive 

capacity was h igh enough fo r a ll residues to  be held at, o r near, the p o in t 

o f application. T ric lo p y r has also been found to  be non persistent in  a 

n o rthe rn  O ntario aquatic environm ent (Solomon e t al. 1988). O nly 5% o f 

the  chem ical was present a fte r 15 days, w h ile  detectable residues were not 

observed a fte r 42 days.

Fewer studies have been conducted on the to x ic ity  o f tric lo p y r and 

its  biproducts on non-targe t organisms. Gerzich etal. (1984) examined the 

acute and chronic to x ic ity  o f tric lo p y r to Daphnia magna Straus, and found 

th a t chronic to x ic ity  was no t a factor unless the environm ental 

concentration in  w ater was three tim es greater than the maximum rate  o f 

application.
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METHODS

STUDY AREA: LOCATION AND DESCRIPTION

The study area was located w ith in  the Great Lakes -  St. Lawrence 

Forest Region in  the Quetico Forest Section. This is an area w est o f Lake 

S uperior along the Canada -  U nited  States border, extending n o rth  ju s t 

beyond the 49 th  para lle l (Rowe 1972). According to  W ickware and Rubec 

(1989), th is  area is described as the  Thunder Bay Plains Ecoregion, and th is 

ecoregion com prises the M oist Low Boreal (LBx) ecodim atic reg ion 

(ECoregions W orking Group 1989). The Thunder Bay Plains Ecoregion is 

characterized as having warm , re la tive ly  d ry  summers and co ld , snowy

w inte rs. D a ily tem peratures occur above 0 °  C from  early A p ril to  late

O ctober, b u t frosts are common except du ring  June, Ju ly and August. 

P recip ita tion  varies from  40 m m  in  m ost m onths to a m axim um  o f 88 mm 

in  August (W ickware and Rubec 1989).

SITE DESCRIPTION

Four study blocks 30 to  85 ha in  size were located in  Fraleigh 

Tow nship, approxim ately 60 km  southwest o f the Thunder Bay, O ntario

a irp o rt. The long itude and la titu d e  o f the fo u r blocks are: (a) b lock 1: 89 °

49 'w est/48  °  14 'no rth ; (b) b lock 2: 89 °  49 'w est/48 °  12 'no rth ; (c) b lock 3:

89 °  50 'w est/48  °  9 'n o rth ; and (d ) block 4: 89 ° 50' w est/48 °  n o rth  

(O ntario  M in is try  o f N atural Resources P rovincial Map Series - T hunder
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Bay NTS 52a/SW 1:100 000).

Block 1 was harvested between 1986 and 1988, and was 

m echanically site prepared w ith  a power disc trencher in  1990. Block 1 

was p lanted in i991 w ith  w ith  approxim ate ly two th ird s  black spruce, one 

th ird  w h ite  spruce and a sm all p ropo rtion  (< 2%) paperpot jack pine.

Block 2 was harvested in  1987, and site  p repara tion  w ith  Young's 

tee th  occurred in  the sum m er o f 1989. Block 2 was p lanted in  1990 w ith  

bareroot w hite  spruce.

Block 3 was harvested in  1985, and site  preparation  occurred in  the 

fa ll o f the fo llow ing year, 1986. Bareroot w h ite  spruce was p lanted except 

fo r the southern tip  o f the brushsaw treatm ent area, w h ich  was planted 

w ith  bareroot black spruce.

Block 4 was harvested in  1987. Young's teeth were used to  site 

prepare the block in  the  sum m er o f 1988. Block 4 was p lanted w ith  

bareroot w hite  spruce in  the spring  o f 1989.

A eria l in fra -red  photos (1:5,000 scale reduced to  73% o f o rig in a l to 

f it  page) o f the fo u r study blocks illu s tra te  the topography and ground 

m oisture  patterns across each o f the blocks. Photos were taken in  the 

sp ring  o f 1994 fo llow ing  the app lica tion  o f a ll treatm ents in  the fa ll o f 

1993. W ater and va ry ing  degrees o f m oisture show up as black and 

shades o f black (eg. a lake o r a stream  appear black on the photo).

Block 1 shows va riab le  degrees o f wet (m oist) areas (Figure 1). In
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Figure 1. Aerial infra-red photo (73% of 1:5,000 scale) of block 1, Fallingsnow
Ecosystem Project southwest of Thunder Bay, Ontario (R=Release, C=Control, 
V=Vision, S=Silvana Selective cleaning machine, B=Brushsaw)
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the southwest po rtion  o f the block re la tive ly  m oist conditions exist in  

com parison to  much o f the rest o f the block. This m oist region generally 

corresponds to  the Brushsaw treatm ent (ind ica ted as "B" on a ll photos). On 

the east side o f the north-south runn ing  road in  the centre o f the block, the 

en tire  V ision treatm ent, "V ” , as w e ll as a p o rtio n  o f the C ontrol treatm ent, 

"C", are also re la tive ly  m oist. A sm all area w ith  standing w ater is located 

in  the northeast o f the V ision treatm ent ju s t south o f the m ain road. In 

add ition , extrem ely wet conditions occurred in  the south end o f the V ision 

treatm ent. A  clum p o f residual trees in  a w ater pool and surrounded 

w ater pools is located in  th is  region. M oisture increases from  n o rth  to 

south on b lock 1 corresponding w ith  the slope o f the land and the south 

facing aspect.

Block 2 is a w ell dra ined site located on a plateau atop a sm all 

m ountain (Figure 2). However, in  the n o rth  o f the block and to  the east o f 

the ridge (in  the Silvana ,fS" treatm ent), patches o f m oisture exist near the 

tree line  and th roughout the Silvana and the Brushsaw treatm ents. The 

areas where V ision and Release "R" treatm ents were applied ind icate  m oist 

ground conditions re la tive  to m uch o f the rest o f the block. Downslope 

areas o f the block tend to  have the greatest levels o f m oisture probably 

because o f m oisture seepage from  upslope areas.

Block 3 had the greatest levels o f m oisture in  the C ontrol and Silvana 

treatm ents, w ith  m oist conditions in  the Release treatm ent also (Figure 3).
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Figure 2. Aerial infra-red photo (73% of 1:5,000 scale) of block 2, Fallingsnow
Ecosystem Project southwest o f Thunder Bay, Ontario (R=Release, C=Control, 
V=Vision, S=Silvana Selective cleaning machine, B=Brushsaw)
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Figure 3. Aerial infra-red photo (73% of 1:5,000 scale) of block 3, Fallingsnow
Ecosystem Project southwest of Thunder Bay, Ontario (R=Release, C=Control, 
V=Vision, S=Silvana Selective cleaning machine, B=Brushsaw)
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A ll th ree treatm ents are located in  the n o rth  end o f the block, w hich has 

less o f a slope than the southern half. The Release treatm ent contained 

m any areas o f standing w ater. Much o f the standing w ater was located in  

deep ru ts  presum ably caused by logging o r site  preparation. In  add ition  to  

m oist areas o r areas o f standing w ater, a stream  runs n o rth  to south from  

the S ilvana trea tm ent in to  the V ision trea tm ent along the side o f the 

north -south , in -b lock road. The low er end o f the stream  often floods the 

V ision treatm ent.

B lock 4 is generally a d rie r site (F igure 4 ). The Brushsaw treatm ent

; and the  Release treatm ent contain the m ost w ater/m o istu re  o f the en tire  

block. The Release treatm ent contains some sm all w ater pools along the 

northw estern boundary. A g u lly  located in  the Release treatm ent was 

used as the boundary between the Release trea tm ent and the Silvana

■ Selective treatm ent; th is  g u lly  also contains standing w ater (shown as

| black on the photo). In add ition , a sm all stream  runs through the n o rth
i
| end o f the Brushsaw treatm ent. Like b lock 3, w hich is located a short 

distance from  block 4, b lock 4 has a south to  southeastern facing aspect. 

The n o rth e rn  p o rtio n  o f the Block is located on a plateau w ith  the elevation
i

| increasing from  the s ta rt o f the inb lock road to  the end o f the inb lock road. 

EXPERIMENTAL DESIGN

The study was conducted as a Randomized Complete Block Design 

w ith  fo u r blocks and five  treatm ents. Treatm ents include: (a) aerial
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Figure 4. Aerial infra-red photo (73% of 1:5,000 scale) of block 4, Fallingsnow
Ecosystem Project southwest of Thunder Bay, Ontario (R=ReIease, C=Control, 
V=Vision, S=Silvana Selective cleaning machine, B=Brushsaw)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52
app lica tion  o f V ision (glyphosate), (b) ae ria l app lica tion  o f Release

(tric lo p y r), (c) m echanical release w ith  the Silvana Selective/Ford 

V ersatile , (d) m anual release w ith  brush saws, and; (e) a co n tro l (no 

trea tm ent). Treatm ent o f the p lo ts occurred in  the fa ll o f 1993 (between 

A ugust and Novem ber). Each trea tm en t p lo t was between 5 and 10 ha 

w ith  b u ffe r zones surrounding each.

Five sample stations fo r each o f the five  treatm ents were random ly 

selected g iving  a to ta l o f tw e n ty -five  sam ple sites per block. I f  a random ly

: chosen sam pling sta tion  occurred on a road, in  a b u ffe r zone, o r some
i
| o th e r restric ted  location, another sam ple site  fo r th a t treatm ent was 

random ly chosen. Each b lock had a g rid  structu re , w ith  the le tte rs  o f the 

a lphabet runn ing  from  east to  west 60 m  apa rt and num bers fro m  1 to  'n ' 

ru n n in g  from  n o rth  to  south 60 m  apart, thus, random ly chosen sample 

sites were actua lly g rid  coordinates (eg. sam pling sta tion  coord inate  A8) 

(A ppendix I). Traps were always placed w ith in  3-4 m in  any d ire c tio n  o f

I the g rid  post.

| INSECT SAMPLING

T erre s tria l insects and invertebra tes were sampled from  the  so il 

surface using p itfa ll traps. P itfa ll traps were set up a t sam pling stations in  

each trea tm ent a t each o f the fo u r blocks. The trap  was a p lastic, 

c y lin d ric a l d e li conta iner w ith  diam eters o f 11.5 cm across the top , 9 cm 

across the bottom  and 14 cm deep. Each tra p  was set in to  the ground so

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



53
th a t the lip  o f the conta iner was leve l w ith  the so il surface. Each trap 

contained a saline so lu tion  fo r preserving insects, and a sm all am ount

(about 2 drops) o f Photoflow Tm  to  reduce the surface tension o f the

so lu tion  ensuring th a t trapped insects sank. To prevent ra in fa ll overflow  

and to  slow evaporation, a 20 x  20 cm  ro o f was constructed using treated 

chipboard. The ro o f was raised using two d iffe re n t n a il lengths which 

form ed post-like  structures in  each o f the fo u r com ers o f the roof. W hile 

a llow ing ra in  to  ro ll o ff o f the roo f, th is  design allowed insects to walk in to
i

the trap  from  any d ire c tio n  (Figure. 5).

| One hundred traps were placed a t random ly chosen g rid  locations in
i
j the fo u r Blocks du ring  the weeks o f M ay 31, 1993 and June 7, 1993
i

(A ppendix I), and a ll traps were activated w ith  the saline so lu tion  during  

the week o f June 14, 1993 (Table 2). Sampling began on b lock 4 on June 

21, 1993 and ended, a fte r two repetitions, a t b lock 1 on Ju ly 13, 1993 fo r a 

to ta l o f 23 days o f sam pling.

The sam pling period  fo r 1994 was the same as 1993 w ith  set-up and 

activa tion  from  June 1 to  June 15, and sam pling beginning on June 22 and 

ending on Ju ly  14 fo r a to ta l o f 23 sam pling days (Table 2). The num ber o f 

days between v is its  to  each site  was the same fo r both  years o f sampling. 

Traps were placed a t the same sample sites in  both years. Small mammals 

caught u n in te n tio n a lly  in  the 1994 season were placed in  zip  lock bags and 

frozen u n til they could be transfe rred  and id e n tifie d  by
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Figure 5. Pitfall trap design, Fallingsnow Ecosystem Project
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T ab le  2. P itfa ll tra p  se t-up , a c tiv a tio n , and  sam p ling  days fo r 

1993 and 1994 sam ple p e rio d s , F a llingsnow  Ecosystem  

P ro je c t

1993  1994

P itfa ll tra p  M ay 31 - June 14, June 1 - June 15
s e t-u p

A c tiv a tio n  June 15 - June 20 June 16 - June 21

S am pling
P e rio d :

C o lle c tio n  #1:

B lock 4 June 21 &  June 22 June 22

B lock 3 June 22 &  June 23 June 23

B lock 2 June 25 June 26

B lock 1 June 29 &  June 30 June 30

C o lle c tio n  #2:

B lock 4 Ju ly  5 &  Ju ly  6 Ju ly  6

B lock 3 Ju ly 6 Ju ly 7

B lock 2 Ju ly  10 &  Ju ly 13 Ju ly  11

B lock 1 Ju ly  13 &  Ju ly 14 Ju ly  15
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another research group a t the study site.

The tra p  contents were poured through a 150 m m  sieve in to  an 

a lum inum  bucket. Insects and invertebrates then w ere rem oved from  the 

sieve and placed in to  labelled plastic via ls conta in ing  70% ethanol; forceps 

were used fo r larger, less delicate specimens, and a sm all p a in t brush was 

used fo r sm alle r specimens. Lastly, the sieve was washed w ith  70% 

ethanol in to  the  co llecting  v ia l so th a t any rem aining organism s w ould be 

recovered.

Organisms such as sm all mammals and am phibians (salamanders) 

th a t were occasionally found in  the traps were noted. Am phibians were 

kep t along w ith  the rest o f the sample, w h ile  the sm all mammals were 

noted but discarded. The am phibians caught in  traps were separated from  

the rest o f the catch and were forw arded to  a research group headed by 

D r. James Bogart o f the College o f B iological Science, Guelph, O ntario, who 

was studying area am phibians and reptiles.

Once sam pling was com plete, the saline so lu tion  was poured back 

in to  the p itfa ll tra p  from  the bucket. This m ethod o f reusing the saline 

so lu tion  allow ed fie ld  crews to  ca rry  m in im al am ounts o f extra  saline 

so lu tion  in  the  fie ld . Sm all amounts o f saline so lu tion  were used on 

occasion w here traps had been broken, o r fouled from  the presence o f 

dead, sm all mammals.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



57
LABORATORY METHODS

The contents o f the co llecting vials were transfe rred  in to  250 m l 

glass mason jars in  the  laboratory. The contents o f bo th  repetitions (i.e. 

collections) were com bined in  1993 and labelled by sam pling sta tion  and 

b lock in  1993. The same labora to ry procedures were used fo r the 1994 

season, except repe titions were kept separate.

Insects and o th e r invertebrates including: centipedes (Class; 

Chilopoda), m illipedes (Class; D iplopoda), spiders (Araneae; Arachnida), 

harvestm en (O piliones; Arachnida) and isopods (Isopoda; Malacostraca; 

Crustacea) were counted and ide n tified  to O rder. Coleoptera collected in  

traps in  1993 and 1994 were counted and id e n tifie d  to  Fam ily, and the 

ground-beetles (Coleoptera: Carabidae) were counted and id e n tifie d  to 

species. A ll species o f Carabidae were id e n tified  under the  supervision o f 

D r. R ichard Freitag o f the Departm ent o f Biology, Lakehead U niversity. 

Id en tifica tion  and ve rifica tio n  o f Bembidion wingatei Bland and Harpalus 

laticeps Leconte was provided by D r. George Ball o f the D epartm ent o f 

B iological Sciences, U n ive rs ity  o f A lberta, Edmonton, A lberta . In  add ition , 

several species were sent to  the Biosystematics Research Centre in  Ottawa, 

O ntario where Dr. Yves Bousquet ve rifie d  these species.

Once id e n tifie d  to  O rder, Fam ily, o r species the specimens from  each 

sample were placed in to  glass vials according to  sam pling sta tion, and 

O rder, Fam ily o r species. A ll specimens were id e n tifie d  using appropriate
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keys fo r O rder and Fam ily id e n tifica tio n  (A rne tt e t al. 1980, B orror e t al. 

1989). The Carabid beetles were id e n tifie d  to  species using keys from  

L ind ro th  (1961-1969).

STATISTICAL ANALYSIS OF PITFALL CAPTURES

A ll sta tistics were calculated using Datadesk^ softw are package.

Summary statistics inc lud ing  to ta l num bers, mean and standard devia tion 

were calculated fo r each O rder, Fam ily and species. T ota l numbers by block 

were com piled fo r each O rder, Fam ily, and carabid species w hich 

com prised a t least 2% o f the to ta l num ber o f ind iv idua ls w ith in  its  taxa. 

Data were transform ed w ith  Log o r square ro o t where appropriate 

(transform ations are indicated in  the Results ).

Covariate ANOVA (a=0.05) using the absolute num bers o f 1994 taxa, 

w ith  the corresponding 1993 data used as the covariate, was conducted on 

selected Orders includ ing Araneae, Coleoptera, Collembola, D iplopoda, 

D iptera, Homoptera, and O rthoptera. Tested taxa were chosen based on 

th e ir re la tive  abundance in  com parison w ith  less abundant taxa.

Covariate ANOVA (a=0.05) was also conducted on abundant 

Coleoptera Families includ ing  Carabidae, Curculionidae, Elateridae, 

Endomychidae, Leoididae, Silphidae, S taphylinidae, and Tenebrionidae. 

Covariate ANOVA (a=0.05) was perform ed on abundant species o f 

Carabidae including A  gratiosum M annerheim , Poecilus lucublandus Say, 

Pterostichus coracinus Newman, P. pensylvanicus Leconte, and Synuchus
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impunctatus Say.

The Covariate ANOVA w ith  1993 data as the  covariate was chosen as 

the  m ethod o f analysis in  o rd e r to  d ire c tly  determ ine i f  the 1993 data 

collected had an influence on the 1994 data collected. The Covariate 

ANOVA is a more precise test than the standard ANOVA in  determ in ing 

w hether the vegetation management treatm ents had an e ffect on epigeal 

insects and arthropods. The Least S ignificant D ifference test (a m u ltip le  

range test) was perform ed on taxa showing s ign ifican t trea tm ent effects a t 

a=0.05 to  show w hich treatm ents d iffe re d  s ign ifican tly .

Scatterplots w ith  Lowess Sm oothing o f transform ed data o f 1994 

taxa p lo tte d  against the corresponding l993 data were com pleted fo r taxa 

show ing sign ifican t covariate effects to determ ine the re la tionsh ip  between 

1993 and 1994 trap  catches. Lowess (an acronym  fo r Locally W eighted 

regression Scatterplot Sm oothing) combines w eighted regression w ith  

robust measures o f location. Smooth traces pass th rough the "center" o f 

the  data (Vellem an 1988). A t every p o in t along a sm ooth trace draw n 

over a scatte rp lo t o f a data sequence, there should be rough ly the same 

num ber o f data points above the sm ooth trace as below it. Lowess 

sm oothing provides a general idea o f the center o f the data values a t each 

p a rt o f the data sequence.

The Shannon-W iener index was used to  p rovide an ind ica tio n  o f the 

b io log ica l d ive rs ity  o f1994 Carabidae species in  each o f the vegetation
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m anagement treatm ents inc lud ing  the C o n tro l The Pearson Product- 

M om ent C orre la tion and Spearman Rank C orre lation  were perform ed to 

determ ine the re la tionsh ip  between Carabidae and Form icidae (e.g. to 

determ ine i f  sharing o f te rrito rie s  occur).
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CHAPTER 1

RESULTS 

O rders C ollected:

In  the summers o f 1993 and 1994 a to ta l o f 60,921 arthropods were 

sorted and id e n tifie d  to  the O rder level. T h irteen  insect O rders were 

present as w ell as n ine non-insect Orders (Table 3). In  1993 a to ta l o f 

24,776 arthropods were trapped, whereas, 36,145 were caught a t the same 

sample sites in  1994. The most abundant O rders in  both years were the 

A cari (ticks and m ites), Araneae (spiders), Coleoptera (beetles), D iptera  (i.e. 

flies), and the Hym enoptera (e.g. ants, wasps).

Increases in  num bers trapped in  p itfa ll traps during  the 1994 

sam pling period were evident fo r Acari, Araneae, Chilopoda, Coleoptera, 

Collem bola, Hem iptera, Homoptera, Hym enoptera, Lepidoptera, O piliones, 

Psocoptera, Siphonaptera, and Thysanoptera (Table 3). Decreases in  

num bers trapped in  1994 were evident fo r C helonith ida, D iplopoda, 

D iptera, Gastropoda, and O rthoptera. Rare O rders trapped includ ing  

N europtera and T ricoptera  decreased by one in d iv id u a l each. Large 

standard deviations were noted fo r m any o f the m ost abundant Orders 

over both  sam pling years includ ing  Acari, Araneae, Coleoptera, D iptera, 

and Hym enoptera (Table 3).

D ifferences in  abundance between blocks was also evident (Appendix 

II). An obvious trend  in  numbers trapped in  blocks over both sam pling
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Table 3. Total numbers with mean/trap and standard deviation of 

arthropod Orders collected from pitfall traps, Faliingsnow 

Ecosystem Project (1993 and 1994)

Arthropod 1993 1994 Total Numbers

Order Mean/ 
Trap

S.D. Mean/
Trap

S.D. 1993 1994

Acari 40.6 124.8 76.0 14t.3 3982 7499
Diptera* 69.1 75.4 53.3 54.3 6847 5224
Araneae 42.2 20.9 65.1 41.7 4314 6413
Coleoptera* 37.6 48.4 50.3 47.4 3658 4932
Hymenoptera* 31.5 28.7 73.0 56.4 3047 7272
Orthoptera* 7.5 7.1 7.3 7.0 651 633
Gastropoda 6.4 5.0 5.8 5.3 538 478
Diplopoda 6.3 9.3 . 2.8 2.6 528 186
Homoptera* 4.9 4.1 8.5 7.5 391 748
Collembola* 4.7 9.0 17.5 16.9 370 1653
Opiliones 3.0 3.4 4.7 5.0 196 367
Chelonithida* 1.5 5.2 1.0 0.1 52 3
Lepidoptera* 1.5 0.9 2.9 6.1 50 191
Hemiptera* 1.5 1.1 5.1 7.5 49 406
Siphonaptera* 1.2 1.0 1.9 1.7 24 88
Chilopoda 1.1 0.2 1.2 0.4 5 16
Thysanoptera*1.0 0.2 1.2 0.6 4 20
Tricoptera* 1.0 0.1 1.0 0.1 2 1
Neuroptera* 1.0 0.1 1.0 0.0 1 0
Psocoptera* 1.0 0.0 1.0 0.3 0 8

Total Number 24,776 36,145

* - indicates insect orders
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years was n o t determ ined, however, blocks 1 and 4 appear to  be m ore 

im poverished fo r some Orders includ ing  Acari, Coleoptera, Collem bola 

(1993 on ly), D iptera, Gastropoda (b lock 4 on ly). For a few  O rders includ ing  

Hem iptera, Hom optera, Hym enoptera, and O rthoptera, b lock 4 proved to  be 

h ig h ly  abundant in  com parison to the o the r blocks.

The 1993 (pre-treatm ent) Coleoptera showed differences in  

abundance between the treatm ents (Figure 6), in  a d d itio n  to  va ria tio n  in  

abundance between the blocks. In  1993 the C ontro l (un trea ted  p lo ts), 

V ision, and Silvana Selective treatm ents were o f h igher abundance and 

m ore s im ila r to one another than the brushsaw and Release treatm ents. 

P o s t-tre a tm e n t: 1994

Covariate ANOVA fo r both Coleoptera and Araneae d id  n o t show 

s ig n ifica n t trea tm ent effects a t a=0.05 (Appendix HI). In  a d d itio n , the 

1993 Coleoptera data (Le. the covariate) d id  not show s ig n ifica n t effects in  

re la tio n  to  the 1994 catch. Likewise the 1993 Araneae catch was found to  

be an ins ig n ifica n t facto r on the num bers o f Araneae trapped in  1994. 

C ovariate ANOVA fo r Collem bola (spring ta ils) and D ip tera  also d id  n o t fin d  

s ig n ifica n t trea tm ent effects o r covariate effects (A ppendix ni).

S im ilar to the Araneae, Coleoptera, Collem bola, and D iptera, Covariate 

ANOVA fo r O rthoptera also d id  n o t show sign ifican t trea tm ent effects 

(A ppendix III). However, the covariate (i.e. the 1993 O rthoptera  data) d id  

show sign ifican t effects, and a sca tte rp lo t graph o f 1994 data p lo tte d
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Figure 6. Numbers of Coleoptera collected in 1993 for the five vegetation management 
treatments, Fallingsnow Ecosystem Project
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against the 1993 data shows a positive  re la tionsh ip  between the two data 

sets (i.e. traps conta in ing large num bers o f O rthoptera in  1993 also 

contained large num bers o f O rthoptera in  1994) (Figure 7).

Covariate ANOVA o f the D iplopoda also exhibited s ign ifican t 

covariate effects, b u t d id  n o t reveal s ig n ifica n t treatm ent effects. A scatter 

p lo t o f 1994 data p lo tted  against 1993 data shows a positive re la tionship , 

s im ila r to  th a t fo r O rthoptera, between 1994 and 1993 data (Figure 8).

Covariate ANOVA fo r Hom optera ind ica te  both s ign ifican t treatm ent 

effects as w e ll as s ign ifican t b lock by trea tm ent in te raction  effects 

(A ppendix III). Exam ination o f the expected ce ll means fo r each o f the 

treatm ents shows th a t the V ision trea tm ent had the lowest expected ce ll 

mean o f the five  vegetation management treatm ents, w h ile  the o ther fo u r 

treatm ents were closer to each o the r num erica lly. A  Least S ignificant 

D ifference test found th a t the V ision trea tm ent d iffe red  s ign ifican tly  from  

the o the r fo u r treatm ents includ ing  the C ontro l (untreated) plots 

(A ppendix III).

The covariate fo r the Hom optera test ( i.a  the 1993 Hom opteran data) 

was also found to  be sign ifican t. A sca tte rp lo t o f 1994 Hom optera p lo tted  

against 1993 Hom optera data shows a positive  re la tionsh ip  between these 

tw o data sets. Traps th a t contained h igh num bers o f Hom optera in  1993 

also contained h igh num bers o f th is O rder in  1994 (Figure 9).
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Figure 7. Scatterplot graph with Lowess smoothing showing 1994 Orthoptera (log units) 
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Figure 8. Scatterplot graph with Lowess smoothing showing 1994 Diplopoda (log units) 
plotted against 1993 Diplopoda (log units), Fallingsnow Ecosystem Project
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plotted against 1993 Homoptera (log units), Fallingsnow Ecosystem Project
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DISCUSSION 

O rders C ollected:

The na tu ra l va ria tion  between and w ith in  the fo u r study blocks 

accounts fo r the between and w ith in  b lock differences fo r insect and 

a rth ropod  abundance. Each o f the fo u r blocks has d iffe re n t so il types, 

drainage patterns, pre-harvest stand h isto ry, slope, aspect, and, to  a lesser 

extent, present vegetation com position and structure. Soil characteristics, 

especially its  depth, texture, perm eability, m oisture regim e and drainage 

pa tte rn , w ill g reatly in fluence the vegetation grow ing on the block. In  

tu rn , so il and topography differences, and differences in  drainage pattern, 

and vegetation com position w ill in fluence m icroclim ate, m icrohabitats, and, 

consequently, the abundance o f specific insects o r arthropods (Thiele 

1977).

Block 1 does not appear to  conta in  the same kind  o f m icro-hab ita t 

features fo r ground-dw elling insects and arthropods as the o ther blocks. 

G enerally speaking, Block 1 was one o f the w etter blocks w ith  more areas 

o f standing w ater re la tive  to  the o the r blocks. The soils o f b lock 1 are 

shallow  sandy loam soils w ith  h ig h ly  variab le  drainage (Lautenschlager 

and Bell 1994). Lower num bers o f insects such as the O rthoptera 

(grasshoppers, crickets, katydids) in  b lock 1 may have been due to too 

m uch standing water due to  poor drainage and above average ra in fa ll in  

Ju ly  o f 1993 (Appendix IV ). The general wetness o f b lock 1 may have
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adversely affected food supplies and rep roduction  o f the O rthoptera as 

they requ ire  w e ll dra ined so il fo r ov iposition  (B o rro r e t al. 1989).

However, block 1 seems to  ho ld  an appeal fo r m any Orders th a t 

requ ire  m oist o r dam p cond itions fo r p a rt o r a ll o f th e ir lives. The 

Gastropoda (snails and slugs) and D iplopoda (m illipedes) were both 

collected in  notab ly h igher num bers in  b lock 1 when com pared w ith  blocks 

3 and 4. Both o f these O rders requ ire  a h igh  degree o f so il m oisture to  

ca rry  o u t life  processes (D inda l 1990). The Gastropods generally p re fe r 

habitats o ffe rin g  shelter, adequate m oisture, and an abundant food supply 

(D inda l 1990). Block 1 ce rta in ly  provided adequate m oisture, as w ell as an 

abundance o f early serai vegetation upon w hich  to  feed.

M illipedes are usually found in  dam p places such as under leaves, in  

moss, under stones o r boards, in  ro ttin g  wood o r in  surface soils (B orror et 

al. 1989, D indal 1990). Furtherm ore, the abundance and d ive rs ity  o f 

m illipedes seems to be corre la ted w ith  the presence o f calcareous 

substrates (D indal 1990). Some m illipedes w ill construct a nest-like cavity  

in  the  so il in  w hich they deposit th e ir eggs (B o rro r et al. 1989). A 

com bination o f factors such as so il type, drainage, presence o f calcareous 

substrates, and vegetation com position m ay have con tribu ted  to  the 

re la tive  abundance o f m illipedes in  b lock 1. However, factors such as 

calcareous substrates w ith in  the so il were n o t recorded in  th is study, 

there fore , a d ire c t co rre la tion  w ith  calcareous properties cannot be made.
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O piliones (harvestm en), w hich were trapped in  s ig n ifica n tly  h igher 

num bers in  b lock 1, also p re fe r dam p conditions fo r su rv iva l, and w ill 

in h a b it the fo rest flo o r, the litte r, as w e ll as the surface so il and caves 

(D inda l 1990). The n a tu ra lly  damp conditions o f b lock 1 com bined w ith  

unusua lly h igh ra in fa ll d u rin g  the sam pling period in  1993 m ay have 

co n tribu te d  to  h igher num bers o f trapped Opiliones. O piliones have also 

been known to  feed on dead anim als (B orror et al. 1989), however, the 

resu lts o f a sub-study by Hobischak (1994 unpublished) ind icate  th a t no 

s ig n ifica n t co rre la tion  exists between sm all mammal ca rrio n  in  the p itfa ll 

traps and the num ber o f trapped Opiliones.

Block 2 seems to  be the m ost p roductive  o f a ll fo u r blocks as it  

consistently contained the highest num bers o f most insect and a rth ropod  

O rders. This resu lt seems to  indicate th a t excellent cond itions exist on th is

; b lock fo r m any insect and a rth ropod  populations to  th rive . Block 2 is

; characterized by a c lay loam  so il th a t is w e ll dra ined due to its  h ills id e  

loca tion  (Lautenschlager and Bell 1994). The fine  clay loam  so il o f b lock 2

| the  so il is capable o f ho ld ing  much available so il m oisture, and the good
j
i

I so il s tructu re  o f th is  w ell-d ra ined so il provides good cond itions fo r
1
| vegetative grow th and, consequently, grow th o f anim als.
i

| The Acari (ticks and m ites) occur in  p ra ctica lly  a ll habitats (B orror et

al. 1989), and were trapped in  the greatest num bers on b lock 2.

T e rre s tria l Acari are q u ite  abundant in  the so il and organic debris, w hile
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m any o the r species are parasitic on both vertebrates and invertebrates.

I t  was n o t clear w hether Acari found in  traps w ith o u t hosts were parasitic 

o r free -liv ing , therefore, a ll were counted. It is possible th a t the numbers 

o f A cari trapped can be related to  the p ro d u c tiv ity  o f the block. F irstly, 

some o f the A cari trapped were lik e ly  free -liv ing  so il dw e lling  species, 

w hich  w ould ind ica te  productive soils (D indal 1990). Secondly, some o f the 

A cari trapped were parasitic on vertebrates (sm all mammals) and 

invertebrates. A  large num ber o f parasitic Acari is also ind ica tive  o f a 

p roductive  site  because they were found on a large num ber o f hosts 

re la tive  to  the o the r blocks. However, it  should be noted th a t p itfa ll traps 

are n o t an e ffic ie n t m ethod fo r Acari counts (D indal 1990). Studies specific 

to  A cari num bers in  fo rest soils norm ally concentrate e ffo rts  in  evaluating 

A cari taken from  so il samples. Indeed, tem perate coniferous and 

deciduous forests can contain anywhere from  approxim ately 20,000 

m ites/m 2 to 120,000 m ites/m 2 (D indal 1990). Acari counts taken from  

so il samples fo r the fo u r blocks in  th is study w ould v e rify  o r add strength 

to  the supposition th a t b lock 2 d iffe rs  in  p ro d u c tiv ity  fro m  the o ther 

blocks.

Block 3, w hich is s im ila r to block 1 in  th a t it  is a w e tte r block 

conta in ing  areas o f standing w ater and rip a rian  vegetation, does not 

e xh ib it the same trends as block 1. Lower num bers o f some m oisture 

dependent arthropods such as Opiliones and D iplopoda in  b lock 3 cannot be
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easily explained. However, low er num bers in  block 3 may be the  resu lt o f 

the na tu ra l va ria tion  between the blocks as ou tlined  previously on page 

68. Calcareous substrates, w hich may lim it the abundance and d ive rs ity  o f 

m illipedes, may n o t be present in  block 3 to the same degree as b lock 1. 

However, m any species o f Gastropoda also require calcareous substrates 

fo r existence (D indal 1990), and gastropods do no t show the same trend in  

b lock 3 as the m illipedes. Factors th a t in fluence the abundance and 

d is trib u tio n  o f the m illipedes, gastropods, Opiliones and o the r insect and 

a rth ropod  Orders m ay be im perceptible to  researchers exam ining data at 

th is  level o f organization.

Very low  num bers o f Hem iptera were trapped in  a ll s tudy blocks 

and th is  probably indicates the ineffectiveness o f p itfa ll traps re la tive  to 

o the r sam pling m ethods fo r capturing members o f th is O rder. Thus, 

Hem iptera caught in  p itfa ll traps may n o t re flect actual popula tion  

num bers o f th is  O rder. M any species o f Hem iptera feed on p la n t juices 

(B orro r et al. 1989), and, therefore, may n o t frequen tly occupy ground 

level m icrohabitats. On the o ther hand, species o f Hom optera were 

trapped more frequen tly  than the Hem iptera on a ll blocks in  1993 

ind ica ting  th a t the Hom optera may be m ore susceptible to  p itfa ll traps 

a n d /o r they spend m ore tim e feeding on vegetation a t o r near ground 

level.

Both the Hem iptera and the Hom optera were caught in  th e ir greatest
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num bers in  block 4, w hich seems to im p ly  a possible d ifference in  

vegetative cover, m icroclim ate, a n d /o r m icrohab ita t fo r these Orders in  

th is  block. However, since p itfa ll traps are n o t the m ost effective means o f 

trap p in g  the Hem iptera and Hom optera, inferences on these data sets 

should  be taken w ith  caution.

The Hym enoptera were also trapped in  th e ir h ighest num bers on 

b lock 4 due in  large p a rt to am ple num bers o f Form icidae (ants) trapped.

A  possible explanation fo r the b lock by b lock d ifference in  Form icidae 

trapped is th a t one o r m ore p itfa ll traps in  b lock 4 was placed near an ant 

nest. U nfortunate ly, th is  in fo rm a tion  was n o t recorded a t sample sites. 

However, the chance o f placing a p itfa ll trap  near an an t nest should be the 

same fo r a ll fo u r blocks since a ll sample sites were random ly chosen. 

Therefore, block 4 m ay possess a hea lthy popu la tion  o f Form icidae 

possib ly due to  a w ide va rie ty  o f factors inc lu d in g  so il type, m oisture 

content, vegetation type and cover, and lack o f com petition.

Lower num bers trapped in  b lock 4 o f o th e r Orders includ ing  the 

j A cari, Coleoptera, Collem bola, D iptera, Gastropoda and O piliones suggest 

I th a t b lock 4 does n o t conta in  su ffic ie n t h ab ita t fo r m any o f these Orders.

It  is n o t clear w hy th is  is the case. The deep clay soils w ith  m oderate to
!

poor drainage (Lautenschlager and Bell 1994), com bined w ith  above 

norm al ra in fa ll d u rin g  the sam pling period  o f 1993 m ay have created w et 

areas th a t were no t suitable fo r some insects and arthropods, however,
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some orders such as the Gastropoda and Opiliones require a dam p 

environm ent in  w hich to  live . I t  is also possible tha t the fin e  c lay particles 

d id  n o t p rovide adequate pore space fo r m any insects and arthropods th a t 

b u rro w  (Thiele 1977). However, according to  Thiele (1977) m any 

Carabidae (Coleoptera) species are m ore frequen tly  found on clay soils 

than  o th e r so il tyes. Exam ination o f the data reveals th a t approxim ate ly 

h a lf o f the Coleoptera trapped on b lock 4 are carabids, a m uch h igher ra tio  

than on the  o the r blocks. In  any event, the fin e  intricacies o f Fam ily o r 

species preferences w ith in  O rders does n o t a llow  one to  extrapolate 

T h ie le 's (1977) observation to  a ll insects and arthropods.

Increases in  the num bers o f insects and arthropod Orders trapped in  

1994 can be p rim a rily  a ttrib u te d  to  the w eather conditions experienced in  

the sp ring  and summ er o f 1994. N orm al ra in fa ll fo r June and Ju ly , 1994 

and above norm al tem peratures in  June, 1994 probably helped increase 

tra p p in g  e ffic iency over 1993 (A ppendix IV ). In  a few cases d u rin g  the 

1993 sam pling period, traps were pushed up and out o f the ground due to 

h igh  g round  w ater in  a ll fo u r blocks. A lthough th is also occurred in  some 

w et areas in  1994, it  d id  n o t occur as frequently. M oreover, w arm er than 

average tem peratures in  Ju ly, 1994 m ay have contribu ted to  increased 

a c tiv ity  o f m any insects and arthropods. Increased a c tiv ity  w ould, 

there fore , increase the chance o f an insect o r arthropod being trapped.

Briggs (1960) and Dennison and Hodkinson (1984) both agree th a t
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the e ffic iency o f p itfa ll trapp ing should rise w ith  tem perature as the 

m o tility  o f carabid beetles increases. This resu lt can probably be 

extrapolated to  many o the r insects and arthropods. However, increased 

a c tiv ity  and trapp ing  e ffic iency in  1994 m ay also be a sign th a t m any 

ground-dw elling insects were m igra ting  from  an unfavourable 

environm ent (e.g. treatm ent p lo ts) to  a favourable one in  search o f food 

(Thiele 1977). In  add ition , an increase in  1994 in  the num bers o f trapped 

insects and arthropods m ay also be a resu lt o f natura l population 

fluctua tions alone, o r in  com bination w ith  the effects o f the better weather 

conditions o f 1994.

One ve ry in teresting observation was the notable decrease in  the 

num ber o f D iplopoda trapped in  1994. Since the decrease was fa irly  

un ifo rm  across a ll fo u r blocks, and the vegetation management treatm ents 

d id  n o t have an effect, the decrease was probab ly a resu lt o f the warm er, 

d rie r w eather o f 1994, th a t m ay have reduced the am ount o f damp niches 

th a t m illipedes are so dependent upon.

P o s t-tre a tm e n t: 1994

O nly the Hom optera showed s ign ifican t treatm ent effects, ind ica ting  

tha t, overa ll, the treatm ents had ve ry  little  im pact on ground-dw elling 

insects and arthropods one year a fte r treatm ent. The Homoptera, w hich 

are usually associated w ith  vegetation and n o t the so il m ilieu  were trapped 

in  fa r greater quantities in  1994 than in  1993. Treatm ent effects fo r
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Hom optera, whose sole source o f food is vegetation, were n o t a surprise. 

S ign ifican tly  low  num bers o f Hom optera in  the V ision trea tm ent indicate 

th a t th is  treatm ent d id  n o t conta in the abundance and d ive rs ity  o f p lan t 

species necessary to  sustain th is  O rder to the same extent as the o the r 

treatm ents and the C ontrol. The highest num bers o f Hom optera were 

trapped in  the brushsaw treatm ent and the C ontrol, therefore, the V ision 

trea tm ent was the least s im ila r to  the C on tro l and brushsaw treatm ent in  

the type and am ount o f food and m icrohabitats they provided. The Silvana 

Selective and Release treatm ents showed closer expected ce ll means to  the 

C on tro l and brushsaw treatm ents. The ins ig n ifica n t d ifference between 

these treatm ents indicates th a t the Silvana Selective and the Release 

treatm ents contained s im ila r amounts and types o f vegetative food and 

m icrohabita ts re la tive  to  the C ontro l and brushsaw treatm ents.

D ifferences in  num bers o f Hom optera trapped in  the C ontro l and 

V ision treatm ent is n o t an unexpected resu lt. A lthough s tru c tu ra lly  the 

V ision treatm ent resembles the C ontrol trea tm ent (i.e. a ll s tru c tu ra l 

vegetation layers are s till present), the ta lle r vegetation (eg . aspen, and 

ta ll shrubs) was im pacted to  the greatest extent by the herbicide. Lower 

vegetation layers were im pacted to varying  degrees depending on the 

percent cover o f the upper vegetation layer. The V ision trea tm ent 

rem oved a greatest percent cover o f vegetation o f any o f the treatm ents 

(Bell et al. 1996 unpublished). W ith  the e ffective  rem oval o f the upper
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vegetation layers in  the herb icide  treatm ents, and the tem porary decrease 

in  cover o f the low er vegetation layers especially in  the V ision  treatm ent, 

m any Homopterans m ay have moved to  areas o f increased cover and 

structu re  fo r food, shelter, and suitable m icrohabitats fo r reproduction . 

The Release trea tm ent d id  n o t im pact Hom optera to  the  same extent as the 

V ision  treatm ent, and th is  m ay be due to  the fact th a t Release (active 

ingred ien t; tric lo p y r) does n o t im pact grasses o r sedges, w h ile  V ision  

(active ingred ient; glyphosate) does. The num bers o f H om optera trapped 

in  the C ontrol, brushsaw and Silvana Selective were s im ila r im p ly in g  th a t 

these vegetation m anagem ent treatm ents do n o t negative ly im pact 

Hom optera. Both the S ilvana Selective and brushsaw treatm ents were 

q u ite  lush by the beginning o f July, 1994 as the low er vegetation layers, 

inc lud ing  low  shrubs, w ere n o t d isturbed  to  the same degree as in  the 

herbicide treatm ents.

It is no t clear w hy the  brushsaw treatm ent and C on tro l p lo ts showed 

a s im ila r response fo r Hom optera. Vegetation was cu t a t 18cm above the 

ground in  the brushsaw treatm ents w h ile  the C ontrols w ere le ft untreated. 

A  h igh expected ce ll mean fo r the C ontro l was antic ipa ted  as these p lots 

p rovide  the Hom opterans w ith  the m ost vegetation cover and structure . 

The h igh expected ce ll mean in  the brushsaw trea tm ent m ay be m ore an 

ind ica tio n  o f the Hom opterans' a c tiv ity  a t a low er s tru c tu ra l level in  the 

vegetation w ith in  th is  treatm ent, ra th e r than an inference on the
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popu la tion  size w ith in  th is  treatm ent. Any Homopterans w ith in  the 

brushsaw treatm ent w ould be spending the m a jo rity  o f th e ir tim e w ith in  

18cm o f the ground, and, thus, may have inadverten tly  increased th e ir 

chances o f being trapped.

Block by trea tm ent in te raction  effects fo r Hom optera ind ica te  tha t 

treatm ents w ith in  ce rta in  blocks produced a s ig n ifica n tly  d iffe re n t 

response from  the Hom opterans. In  add ition , the s ign ifican t e ffect o f the 

1993 Hom opteran catch on the 1994 catch indicates th a t the  1993 catch 

had a positive in fluence on the num bers caught in  traps in  1994. This 

re su lt indicates th a t sam pling o f Hom optera in  p itfa ll traps over two years 

a t the same sam pling sites d id  n o t have a negative im pact on the 

popula tion . Instead, it  appears tha t a healthy popula tion o f Hom optera in  

1993 continued to  be a hea lthy population in  1994. I t  should be noted 

th a t p itfa ll trapp ing  is n o t the  p rim ary m ethod fo r trapp ing  fly in g  insects, 

therefore, inferences on the results o f fly in g  insects should be taken w ith  

caution.

1993 O rthoptera s ig n ifica n tly  influenced the 1994 O rthoptera catch 

ind ica tin g  th a t h igh  num bers trapped in  1993 positive ly in fluenced the 

num bers trapped in  1994. S im ilar num bers o f O rthoptera in  both years 

and the lack o f s ign ifican t trea tm ent effects indicates th a t the vegetation 

management treatm ents d id  no t have a noticeable e ffect on th is  Order.

The lack o f notable treatm ent effects on the Araneae and Coleoptera
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O rders is lik e ly  a re flection  o f the  d ive rs ity  o f Families and species w ith in  

these Orders. The p rim ary O rder o f in terest, the Coleoptera were trapped 

m ost o ften  in  the Release treatm ent, w hich is in  contrast to the 1993 

resu lts. A  large num ber o f C oleoptera trapped in  the Release trea tm ent 

ind icates a preference o f m any Fam ilies fo r open-country habitats.

The 1994 D iplopoda were s ig n ifica n tly  influenced by the 1993 

D ip lopoda catch. The re la tionsh ip  between the two years o f sam pling 

ind icates th a t healthy m illipede populations were no t negatively im pacted 

by sam pling in  the same location  over tw o consecutive years. In  add ition , 

the  lack o f treatm ent effects im plies th a t changes in  vegetation cover and 

abundance, and so il m oisture and tem perature also d id  not have a negative 

im pact on the m illipedes. It  is possible th a t the increase in  organic debris 

w ith in  the treatm ents caused by the  treatm ents may have p rovided the 

m illipedes w ith  adequate am ounts o f m oist m icrosites and food.

Both the 1994 Collem bola and D iptera  fa iled  to show treatm ent 

effects, ind ica ting  th a t the vegetation management treatm ents d id  no t 

produce a notable im pact on these Orders. This resu lt concurs w ith  the 

results o f o ther epigeal insect and a rth ropod  Orders examined, ind ica ting  

th a t changes in  the vegetation and so il d id  n o t negatively im pact them .
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CONCLUSIONS: ORDERS COLLECTED

1. Between block and w ith in  block va ria tio n  can be a ttrib u te d  to  the 

natura l, uncontro llab le  va ria tion  (e.g. soils, slope, aspect, vegetation 

cover, m icroclim ate, m icrohabita t) between and w ith in  the  blocks.

2. Block 2 is the m ost productive  site as revealed by the data, w hich  

shows s ig n ifica n tly  h igher num bers o f insects and arthropods 

trapped in  th is  block.

3. In  most cases, o n ly  generalities can be made when discussing 

results a t the O rder level. V aria tion  among Fam ilies and species 

allows one o n ly  to  speculate as to w hy s ig n ifica n t differences occur 

in  numbers trapped.

4. S ignificant changes between the 1993 and 1994 num bers o f insect 

and a rth ropod Orders trapped can be p rim a rily  a ttrib u te d  to  the 

warm er, d rie r spring and summer o f 1994. The im proved w eather 

conditions o f 1994 lik e ly  con tribu ted  to  increased a c tiv ity  o f insects 

and arthropods, and, therefore, a h igher trapp ing  e fficiency. 

M oreover, trapp ing  e ffic iency was increased in  1994 because few er 

traps were pushed o u t o f the ground due to  a h igh w ater table from  

excessive ra in fa ll as was the case in  1993. N atura l popu la tion  

fluctuations alone o r in  com bination w ith  the above m entioned 

factors also may have contribu ted  to the increased catch in  1994.

5. I t  is possible th a t increased a c tiv ity  o f insects and a rth ropods may
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also be due, in  p a rt, to  m ig ra tion  from  unsuitable cond itions w ith in  

the trea tm ent p lo ts to  m ore su itab le conditions outside the 

treatm ents.

6. G enerally, the  vegetation m anagement treatm ents had ve ry  little  

e ffect on g round-dw elling  insects and arth ropod Orders. S ignificant 

trea tm ent effects were o n ly  evident fo r the Hom optera.

D ifferences in  ve rtica l structure , vegetation com position and 

abundance am ong the treatm ents probab ly are responsible fo r the 

trea tm ent effects fo r Hom optera.

7. Block by trea tm en t in te ractio n  effects fo r Hom optera ind icate th a t 

the treatm ents w ith in  ce rta in  blocks influenced the num bers 

trapped.

8. 1993 catches o f D iplopoda, Hom optera, and O rthoptera positive ly 

influenced the num bers o f these O rders trapped in  1994.

9. P itfa ll trapp ing  is n o t the p rim a ry  m ethod fo r sam pling fly in g  

insects, there fore , the results o f fly in g  insects should be taken w ith  

caution.
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CHAPTER 2

RESULTS

C oleop te ra  C o llected :

Fourty-seven Coleoptera Families were id e n tifie d  over the two years 

o f sam pling. The ground-beetles (Coleoptera: Carabidae) were the m ost 

abundant Fam ily in  bo th  1993 and 1994 (Table 4, Appendix V). The 

num bers o f rove-beetles (Coleoptera: S taphylin idae) increased sharp ly in  

1994 and were a close second to  the carabid beetles. Carabidae were m uch 

m ore abundant on the d rie r blocks 2 and 4 in  1994 than on blocks 1 and 3. 

O ther abundant beetle fam ilies include C urculionidae (W eevils), Elateridae 

(C lick beetles), Endom ychidae (Handsome fungus beetles), Leiodidae 

(Round fungus beetles and Small ca rrion  beetles), S ilphidae (C arrion 

beetles), and Tenebrionidae (D arkling beetles).

A  notable d ifference in  numbers trapped o f Carabidae was n o t found 

between pre- and post-treatm ent sam pling years, a lthough changes in  

abundance w ith in  the treatm ents d id  occur between the sam pling years.

In  1994 the brushsaw treatm ent, Release treatm ent and the C ontrol a ll 

increased in  the num bers o f Carabidae trapped over 1993, w hile  the 

num bers trapped in  the V ision treatm ent decreased (Figure 10). The 

num bers o f Carabidae trapped in  the Silvana Selective treatm ent also 

decreased s lig h tly  in  1994.

D ifferences in  num bers o f Coleoptera Fam ilies trapped in  1993
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Table 4. Total numbers with mean/trap and standard deviation of

Coleoptera Families collected from pitfall traps, Fallingsnow

Ecosystem Project (1993 and 1994)

Family 1993

Mean/
Trap

S.D.

1994

Mean/
Trap

S.D.

Total

1993

Numbers

1994

Carabidae 11.4 7.3 12.7 9.8 1040 1183
Leoididae 8.8 29.4 7.8 11.6 771 676
Siiphidae 4.7 12.6 6.0 11.9 373 497
Staphylinidae 3.4 5.1 12.4 20.2 240 1146
Scolytidae 2.2 5.2 1.1 0.5 120 13
Pselaphidae 2.2 2.9 1.2 0.5 116 16
Lampyridae 2.1 1.8 1.9 1.2 110 93
Endomychidae 2.0 1.5 2.5 2.4 99 153
Nitidulidae 1.9 4.5 2.2 2.0 92 119
Tenebrionidae 1.9 2.2 2.2 1.8 91 79
Ptiliidae 1.6 4.7 1.9 4.8 59 85
Elateridae 1.6 1.4 2.7 3.8 58 172
Curculionidae 1.4 1.0 1.8 2.5 43 83
Phalacridae 1.4 1.5 1.2 0.6 40 16
Cicindelidae 1.3 1.4 1.1 0.5 31 8
Scarabaeidae 1.3 0.6 1.7 1.6 28 57
Mycetophagidae 1.2 1.0 1.3 1.1 24 26
Erotylidae 1.2 1.0 1.1 0.5 23 5
Chrysomelidae 1.2 0.6 1.6 1.9 21 64
Biphyllidae 1.2 0.1 1.0 0 17 0
Histeridae 1.2 0.7 1.5 1.8 16 53
Meloidae 1.1 0.4 1.0 0.1 13 1
Rhysodidae 1.1 0.5 1.0 0 13 0
Brentidae 1.1 0.5 1.0 0.2 11 4
Trogossitidae 1.1 0.7 1.0 0 11 0
Cryptophagidae 1.3 1.0 1.4 2.2 10 36
Hydrophylidae 1.1 0.8 1.0 0.2 10 8
Cucujidae 1.1 0.3 1.2 1.0 6 19
Byrrhidae 1.1 0.4 1.1 0.4 6 10
Melandyridae 1.1 0.3 1.0 0 5 0
Mordellidae 1.0 0.2 1.1 0.3 4 13
Haliplidae 1.0 0.2 1.0 0 4 0
Cleridae 1.0 0.1 1.0 0.2 3 0.2
Cerambicidae 1.0 0.2 1.1 0.5 3 14
Cantheridae 1.0 0.2 1.1 0.3 3 8
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Family M ean/
Trap

S.D .
85

M ean/
Trap

S.D. Total
1993

Numbers
1994

Bostrichidae 1.0 0.1 1.0 0 2 0
Corylophidae 1.0 0.2 1.0 0.1 2 2
Anthribidae 1.0 0.1 1.0 0 1 0
Bruchidae 1.0 0.1 1.0 0 1 0
Ciidae 1.0 0 1.0 0.1 1 1
Coccinellidae 1.0 0.1 1.0 0.1 1 2
Dermestidae 1.0 0.1 1.0 0 1 0
Derodontidae 1.0 0.1 1.0 0 1 0
Dytiscidae 1.0 0 1.0 0.1 0 1
Languriidae 1.0 0 1.0 0.1 0 2
Lathridiidae 1.0 0 3.7 4.3 0 267
Pyrochroidae 1.0 0 1.0 0.1 0 1
Throscidae 1.0 0 1.0 0.4 0 6
Unidentifiable 28 74

Total 3,518 5,016

J
i
i

j

I
II
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w ith in  the fo u r blocks can be p rim a rily  a ttrib u te d  to  the na tu ra l va ria tion  

between and w ith in  the blocks as described previously on page 68. Block 

differences were notable fo r m any Fam ilies inc lud ing  Carabidae, 

C icindelidae, Mycetophagidae, N itidu lidae , Pselaphidae, Scolytidae, 

S ilphidae, and S taphylinidae (Appendix V ). M ycetophagidae, Pselaphidae, 

and Scolytidae were a ll more abundant on b lock 1 than on the o the r 

blocks. However, C icindelidae was m ost abundant on b lock 4, w hile  

S ilphidae was m ost abundant on block 2, and S taphylin idae was most 

abundant on blocks 2 and 3.

P o s t-tre a tm e n t: 1994

Block differences were found fo r several Coleoptera Families 

includ ing  Carabidae, Chrysomelidae, C urculionidae, Elateridae, 

Endomychidae, Leiodidae, Phalacridae, S ilphidae, and Staphylinidae 

(Appendix V). Both sam pling years show h igher num bers o f 

S taphylinidae in  blocks 2 and 3, a lthough the to ta l num bers in  1994 are 

m uch h igher overa ll (Table 4). The d is trib u tio n  o f S ilphidae among the 

blocks does n o t show an obvious trend  between the two sam pling years.

In  general, block 2 contained the largest num bers o f Coleoptera trapped in  

1994, and m any Families includ ing Chrysom elidae, Lathrid iidae, Leoididae, 

N itidu lidae , Scarabaeididae, and S taphylin idae were trapped most 

frequen tly  in  th is  block.

Block differences fo r the ground-beetles (Carabidae), the Coleoptera
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Fam ily o f p rim ary in terest show th a t b lock 4 continued to trap  the largest 

num bers o f ind iv idua ls over both years o f sam pling (Appendix V ). 

A lthough block differences were n o t as notable in  the 1993 carabid catch, 

to ta l num bers caught in  1994 were s lig h tly  h igher and the contrast in  to ta l 

num bers between the blocks was m uch greater. In  p a rticu la r, blocks 2 

and 4 had much h igher to ta l num bers o f ground-beetles in  1994 than d id  

blocks 1 and 3. Block 3 contained especially low  num bers trapped in  

com parison w ith  the o the r blocks. T ota l num bers by b lock o f 1993 

Carabidae also ind icate  the lowest num bers in  b lock 3 (Appendix V). 

S ignificant treatm ent effects were n o t evident fo r Carabidae in  1994. 

M oreover, covariate effects were also found to be ins ign ifican t.

The Covariate ANOVA conducted fo r Endomychidae, Curculionidae, 

S taphylinidae, and Tenebrionidae d id  n o t show s ign ifican t treatm ent 

effects, b lock by treatm ent in teraction  effects, o r covariate effects 

(Appendix V I). However, s ign ifican t treatm ent effects were found fo r both 

Leoididae and S ilphidae (Appendix V I).

Expected ce ll means o f the treatm ents fo r Leoididae show the highest 

expected ce ll mean in  the C ontrol (untreated) p lo ts, and the lowest 

expected ce ll means in  the brushsaw and Silvana Selective treatm ents. A 

Least S ignificant D ifference test fo r Leoididae shows s ign ifican t differences 

between the brushsaw and Release treatm ents, brushsaw and C ontro l, and 

the Silvana Selective and the C ontro l (Appendix V I).
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Expected ce ll means o f the treatm ents fo r i994 S ilphidae show 

extrem ely low  ce ll means in  both the brushsaw trea tm ent and the Silvana 

Selective treatm ent, w hile  the h ighest ce ll mean was found  in  the Release 

trea tm ent (Appendix V I). A  Least S ign ifican t D ifference test fo r 1994 

S ilphidae shows s ign fican t differences between the Release and the 

brushsaw treatm ents, and the Release and Silvana Selective treatm ents 

(A ppendix V I).

Covariate ANOVA fo r Elateridae found s ign ifican t covariate effects, 

b u t i t  d id  n o t show sign ifican t trea tm ent effects. A  sca tte rp lo t o f 1994 

Elateridae data p lo tte d  against 1993 Elateridae data shows a positive  

re la tionsh ip  exists between the tw o data sets (Figure 11). P itfa ll traps th a t 

contained large num bers o f Elateridae in  1993 continued to  trap  large 

num bers o f th is  Fam ily in  1994.

iiI1It
ijtii
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



91
DISCUSSION 

C o leop te ra  C o llected :

Between block and w ith in  block va ria tions probably account fo r 

differences in  the num bers o f trapped Carabidae, the th ird  largest 

Coleoptera Fam ily in  N orth  Am erica. The deep clay soils o f b lock 4 m ay 

provide m any species o f Carabidae w ith  optim um  m icrohabitats and food 

supply. Thie le  (1977) also noted the h ig h e r frequency o f carabids on clay 

soils and reasoned th a t th is  is probably a resu lt o f a m ore favourable 

m icroclim ate b u t also is due in  p a rt to  the  genera lly h igher p ro d u c tiv ity  o f 

organic substances, w hich in  tu rn , ensures a be tte r food supply. In  

contrast, the  deep s ilty  soils o f b lock 3 m ay provide a less than optim um  

hab ita t fo r carabids.

C icindelidae, the tig e r beetles, were once considered a member o f the 

Carabidae Fam ily. The C icindelidae (Cicindela limbalis Say) also showed 

notab ly h igher num bers trapped in  b lock 4. Most o f the C icincelidae were 

trapped in  open areas o f the block w here vegetation was sparse. This 

resu lt concurs w ith  B orro r e t al. (1989) and Bland and Jacques (1978) who 

state th a t C icindelidae frequent open, sunny places often on sandy soils 

w hile o the r species are m ore often found  on clay soils. C. limbalis Say, the 

o n ly  species trapped in  th is study, is know n to  frequent clay soils such as 

the ones found  in  b lock 4 (Freitag personal com m unication 1997). Blocks 1 

to 3 may n o t have provided enough o f these open habitats o r so il types,
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and, therefore, the num ber o f ind iv id u a ls  o f th is  tige r beetle species 

trapped in  these blocks was much low er.

The ca rrion  beetle, S ilphidae, also revealed between and w ith in  block 

differences. As a Fam ily th a t is n a tu ra lly  associated w ith  ca rrion , a 

concern arose th a t traps conta in ing sm all mammal carrion  w ou ld  also 

conta in  s ign ifica n tly  larger num bers o f carrion-eaters, inc lu d in g  S ilphidae. 

Hobischak (1994 unpublished) conducted sta tis tica l analyses to  determ ine 

w hether the num ber o f carrion-eaters (dung eaters excluded) and non

ca rrio n  eaters found w ith in  the traps were independent o f the presence o f 

sm all mammal carrion .

S tatistica l results fo r differences in  S ilphidae numbers trapped in  

ca rrio n  and non-carrion traps were non-sign ificant (Hobischak 1994 

unpublished), ind ica ting  th a t the presence o f ca rrion  d id  n o t s ig n ifica n tly  

a ffect the num bers o f S ilphidae trapped. The great va ria tion  w ith in  the 

sample resulted in  no s ign ifican t d ifference when compared to  between 

sample va ria tion . Hobischak (1994 unpublished) concluded th a t the sm all 

m am m al ca rrion  d id  no t e ffect the num ber o f non-carrion in d iv id u a ls  

found  w ith in  the traps, bu t it  d id  cause an ins ign ifican t increase in  the 

num ber o f invertebrate  ca rrion  eaters.

Pselaphidae, the short-w inged m old beetles, and M ycetophagidae, 

the  h a iry  fungus beetles, both feed on fu n g i and were trapped in  h igher 

I num bers in  b lock 1. In  a d d itio n  to the above average ra in fa ll d u rin g  the
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sam pling pe riod  in  1993, b lock 1 conta ined a large num ber o f low -ly ing , 

w et areas. The o ve ra ll w et cond ition  o f b lock 1 makes it  a prim e site  fo r 

fu n g i p ro life ra tio n . In  tu rn , large num bers o f fu n g i feeders were trapped 

on block 1 in  com parison w ith  the o th e r blocks.

N itidu lid ae , the  sap beetles, are also know n to  live  in  dam p places 

and feed on fu n g i (B o rro r e t al. 1989), and were trapped in  no tab ly h igher 

num bers on b lock 3 . Again, b lock 3 contains m any w et areas where fu n g i 

p ro life ra tio n  is  probable. Some species are also associated w ith  the 

carcasses o f dead anim als, and i t  is lik e ly  th a t m any o f the  N itid u lid s  

trapped were caught in  traps having sm all mammal ca rrion .

D ifferences in  the num ber o f C oleoptera trapped between 1993 and 

1994 can p rim a rily  be a ttrib u te d  to  the w arm er, d rie r w eather cond itions 

in  June and Ju ly, 1994. Again, the w arm er w eather caused an increase in  

the a c tiv ity  o f m any Coleoptera species. Increased a c tiv ity  due to  w arm er 

tem peratures and the reduction  o f traps being pushed o u t o f the ground 

from  high ground w ater conditions increased the trap p in g  e ffic iency and, 

therefore, increased the num bers o f Coleoptera trapped in  1994. Briggs 

(1960) and Dennison and Hodkinson (1984) both agree th a t a rise in  

tem peratures should increase the m o tility  o f carabid beetles. This 

statem ent should also app ly to  m any o th e r beetle Fam ilies as w e ll as o the r 

insect Orders. However, the increase in  average tem perature in  June, 1994 

d id  no t act to  n o ta b ly  increase the carabid beetle catch as the num bers

i
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caught in  1994 were o n ly  s lig h tly  m ore than those trapped in  1993.

The large increase in  1994 in  the num ber o f La th rid iidae , m inute- 

brow n scavenger beetles, trapped was due to  a few  traps conta in ing  higher 

num bers o f La th rid iidae  re la tive  to  the large m a jo rity  o f traps. I t  is also 

possible th a t some La th rid iidae  m ay have been m is -id e n tifie d  in  1993 and, 

therefore, the 1993 num bers o f th is  Fam ily m ay n o t be an accurate 

re fle ction  o f actual num bers trapped. La th rid iidae  are o ften  m istaken fo r 

silken fungus beetles (C ryptophagidae), h a iry  fungus beetles 

(M ycetophagidae), tooth-necked fungus beetles (D erodontidae), cerylonid 

beetles (C erylonidae), and rhizophagid beetles ( Rhizophagidae) (W hite 

1983), so it  is no t unusual fo r m is-iden tifica tion  especially since a ll o f 

these beetles are extrem ely sm all (< 5 mm) and possess s im ila r features.

The lea f beetles, Chrysom elidae, most no tab ly  feed on herbaceous 

plants, leaves and flow ers as adults (W hite 1983). The larvae feed on the 

roots, m ine leaves, bore stems, and feed on foliage o f the same vegetation 

types as adults (W hite 1983). A  large increase in  the num ber o f 

Chrysom elidae trapped in  1994 can be lik e ly  a ttrib u te d  to  the increased 

cover o f herbaceous vegetation in  a ll o f the treatm ents inc lu d in g  the 

C ontro l in  1994, one year a fte r treatm ent (Bell eta l. 1996 unpublished).

Notable decreases in  1994 in  some beetles such as the short-w inged
i
; m old beetle, Pselaphidae, are lik e ly  due in  p a rt to  the w arm er, d rie r 

i w eather conditions d u rin g  the sam pling period in  1994 w hich  may have
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decreased the food supply (Le. m olds) o f th is  Fam ily. However, th is 

decrease is lik e ly  tem porary as the increase in  debris and litte r  on the 

g round surface one year a fte r trea tm ent should supply th is  Fam ily w ith  

am ple food supplies and suitable m icro-habita ts in  w hich to  live . I t  is also 

possible th a t the num bers o f Pselaphidae trapped in  1994 d id  n o t re flect 

tru e  numbers, o f ind iv idua ls. The increase in  woody debris and litte r  on 

the ground in  1994 a fte r the treatm ents were applied m ay have produced 

excellent conditions fo r the Pselaphidae fo r food, shelter, and reproduction 

and, thus, reduced th e ir m o b ility  in  1994. Lower m o b ility  w ould  decrease 

the num ber o f Pselaphidae trapped in  p itfa lls .

Due to  the considerable va ria tio n  in  habits o f the scarab beetle, it  is 

d iffic u lt to  determ ine reasons fo r the  large increase in  the num ber o f 

Scarabaeidae trapped in  1994. M any scarab beetles are dung feeders o r 

feed on decomposing p lan t m aterials, as w ell as carrion  (B o rro r etal. 

1989). Some Scarabaeidae live  in  a n t nests o r in  the nests o r burrow s o f 

vertebrates. In  add ition , some feed on fung i and others feed on p lan t 

m ate ria l inc lud ing  grasses, foliage, fru its , and flowers. The m a jo rity  o f 

scarab beetles id e n tifie d  in  th is study were earth-boring dung beetles 

(sub fam ily G eotrupinae), w hich are norm a lly found beneath cow dung, 

horse m anure, o r carrion . It is q u ite  possible th a t these scavenging 

Scarabs were a ttracted to  the p itfa ll traps due to the presence o f sm all 

m am m al ca rrion  o r invertebrate  ca rrion . The w arm er w eather o f June,
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1994 may have helped to  both  increase Scarab m o b ility  and increase the 

ra te  o f decay o f ca rrion  in  the traps. Even w ith  the  saline preservative in  

the traps, some decom position o f sm all mammal ca rrio n  was evident in  

some p itfa lls .

The S taphylinidae (Rove beetles) was an in te resting  Fam ily to  

examine due to th e ir sim ila ritie s  in  niche to  the carab id  beetles. The 

S taphylinidae are represented by nearly  400 genera and 3,000 species in  

N orth  Am erica (D inda l 1990), and they are the o n ly  C oleoptera whose 

niche p a rtia lly  overlaps th a t o f the carabids (Thiele  1977). However, 

n u tritio n a lly  the S taphylin idae are no t considered a serious com petitor. 

M ost so il staphylin ids can be found in  uncom pacted, m oist fo rest litte r  

w hich is rich  in  decomposing organic m ateria l (D inda l 1990). M any 

staphylin ids occur in  so il-re la ted  m icrohabitats such as dung and carrion , 

h igher fung i, vertebra te  and invertebra te  nests, and w et sites along 

streams and o the r bodies o f w ater.

The largest and m ost notable increase in  num bers trapped o f any 

Coleoptera Fam ily was th a t o f the rove beetles, S taphylin idae. Each block 

experienced dram atic increases in  the num ber o f rove beetles trapped, 

however, the m ost m arked increases occurred in  blocks 2 and 3. M any o f 

the S taphylin idae id e n tifie d  in  1994 were extrem ely sm all in  size (< 5mm 

in  leng th), whereas, fa r few er extrem ely sm all rove beetles were trapped 

j in  1993. According to  Thie le (1977) the fo rest litte r  laye r favours
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sta ph y lin id s over carabid beetles, as th e ir long slender fo rm  offers less 

resistence fo r m ovem ent in  th is  niche. W ith in  the forest litte r  and so il, 

sm aller s ta p h y lin id  species are favoured over la rger ones as th e ir sm all 

size perm its a greater a b ility  fo r m ovem ent w ith in  the so il and crevaces o f 

the  litte r  laye r. A lthough S taphylin idae are p rim a rily  predaceous, m any o f 

the  so il and litte r  dw elling  species feed on decaying organic m atter o r 

fu n g i (D in da l 1990). I t  is possible th a t the  dram atic increase in  

S taphylin idae in  1994 is due, in  pa rt, to  an increase in  decomposing litte r  

caused b y the  vegetation management treatm ents.

M ost a d u lt rove beetles are ve ry  good flie rs  and m any o f these rove 

beetles m ay have dispersed to  the  blocks by fly in g . M oreover, according 

to  D inda l (1990), m any S taphylinidae species can have several generations 

per year. Therefore, i f  factors such as an abundance o f favourable 

m icrohab ita ts and good weather cond itions preva il, it  is possible th a t m ore 

than  one generation reproduced du ring  the sum m er o f 1994, thereby, 

d ra m a tica lly  increasing the S taphylin idae popula tion  and num bers 

trapped.

Conversely, it  is also possible th a t the  dram atic increase in  

S taphylin idae trapped in  1994 could  be a ttrib u te d  to  increased m o b ility  

due to  m ig ra tio n  to  a m ore suitable hab ita t. However, increased m o b ility  

due to  m ig ra tio n  v ia  w alking is u n like ly  since staphylin ids are good flye rs. 

Therefore, m any staphylin ids w ould  choose flig h t over w alking to  a m ore

(II
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



98
su itab le  hab ita t, and fly in g  staphylin ids w ould n o t be trapped frequen tly  

in  p itfa ll traps th a t target ground- and so il-dw elling  insects and 

arthropods. Furtherm ore, the extrem ely sm all staphylin ids (< 5 mm) often 

bu rrow  in to  the litte r  layer and so il when experiencing unsuitable 

cond itions above the ground (Thiele 1977). Therefore, i f  the treatm ents 

produced adverse conditions, the num ber o f staphylin ids trapped in  1994 

should have decreased ra the r than increased.

Tenebrionidae, the dark ling  beetles, also experienced a large increase 

in  num bers trapped in  1994. Most species o f Tenebrionidae feed on p lan t 

m ateria ls w h ile  others feed on fung i (B orro r etal. 1989). According to 

W hite  (1983), nearly a ll o f these species are scavengers on decaying 

vegetation, dung, seeds and cereals. The vegetation management 

treatm ents increased the am ount o f decaying p lan t m ateria l on a ll fo u r 

blocks, and, therefore, lik e ly  contribu ted  to  the increase in  the num bers o f 

Tenebrionidae trapped.

P o s t-tre a tm e n t: 1994

N atura l va ria tio n  (as described previously on page 68) between and 

w ith in  the fo u r blocks accounts fo r block differences in  the numbers 

trapped o f m any Coleoptera Families. Generally, the vegetation 

m anagem ent treatm ents had little  e ffect on the tested Families o f the 

Coleoptera. S ilphidae and Leoididae were the o n ly  two beetle Families 

e xh ib itin g  s ign ifican t treatm ent effects.
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Leoididae (subfam ily Leoidinae), the round fungus beetles, are sm all, 

1-6.5 mm beetles th a t spend both la rva l stages and the a du lt stage on 

fung i, on slim e m olds, in  decaying vegetation, o r under bark (W hite 1983). 

The sm all ca rrion  beetles (fo rm erly Leptodiriidae) were once considered a 

separate Fam ily from  Leoididae, bu t are now included in  the Leoididae 

Fam ily (sub fam ily Catopinae). These sm all ca rrion  beetles live  p rim a rily  in  

m oist forests and are generally found in  decomposing m ateria l such as 

carrion , hum us, dung, and fungi, w h ile  some are found in  forest litte r, in  

so il, beneath bark, o r in  nests o r burrow s o f sm all mammals, owls, tortoises 

and ants (W hite 1983). The m a jo rity  o f Leoididae trapped in  both 

sam pling years belonged to the Catopinae subfam ily w ith  approxim ately 

tw ice as m any as the Leoidinae subfam ily. Hobischak's (1994 

unpublished) results showed th a t 137 Catopinae were associated w ith  

twelve p itfa ll traps containing sm all m am mal ca rrion  in  1993, w hile  o n ly  9 

were found in  the same num ber o f non-carrion  traps. Therefore, it  is 

lik e ly  th a t a large num ber o f the Leoididae (subfam ily Catopinae) were 

a ttracted to  traps containing sm all mammal carrion.

The s ig n ifica n t difference in  the num ber o f Leoididae trapped 

between the C ontro l and Silvana Selective treatm ent and the C ontrol and 

the brushsaw treatm ent indicate th a t the rem oval o f ve rtica l vegetation 

structu re  has had a negative im pact on th is  Fam ily. However, in  rem oving 

the ve rtica l vegetation cover an increase in  large and sm all organic debris
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on the ground occurred, and th is increase in  ground level debris m ay have 

created suitable m icrohabitats fo r th is  species. In  a dd ition , the increase in  

the am ount o f obstacles on the ground m ay have slowed the m o b ility  o f 

Leoididae, thus, reducing th e ir num bers in  the p itfa ll traps. The sign ifican t 

d iffe rence in  num bers o f Leoididae trapped in  the brushsaw treatm ent and 

the Release herb icide  treatm ent lik e ly  ind ica te  increased m o b ility  by th is 

Fam ily in  the herb icide treatm ent due to  a reduction  in  vegetative 

obstacles, and possibly the search fo r a m ore suitable m icrohabitats and 

food.

S ign ifican t differences between the  brushsaw and Release herbicide 

treatm ents, and between the Silvana Selective and the Release herbicide 

treatm ents fo r S ilphidae also im p ly  th a t the brushsaw and Silvana Silvana 

treatm ents had a negative im pact. However, the same reasoning as 

app lied  fo r Leoididae can be applied to  S ilphidae as w ell. Lower m o b ility  

due to  an increase in  large and sm all organic debris in  the brushsaw and 

S ilvana Selective treatm ents lik e ly  caused a decrease in  the num ber o f 

S ilphidae trapped. H igher m o b ility  and, thus, h igher trapp ing  frequency in  

the Release herb icide treatm ent may ind ica te  S ilphidae m oving to  more 

su itab le m icrohabita ts in  w hich to live . A lthough S ilphidae are p rim a rily  

associated w ith  ca rrion  as a food source, a trend  in  the num ber o f traps 

conta in ing  sm all mammals in  the treatm ents was n o t found.

The Carabidae, w hich exhib ited b lock differences in  1993, revealed
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the same tren d  in  1994 w ith  even stronger b lock effects. Like 1993, block 

4 appears to conta in the best hab ita t fo r carabid beetles, w hich may be 

due, in  large part, to  the deep clay soils. B lock 2 also revealed high 

num bers o f Carabidae trapped. This re su lt m ay also be a ttrib u te d  to  the 

presence o f a w e ll dra ined clay loam  so il type, and an abundant food 

supply as a consequence o f its  p roductive  soils. Both blocks 2 and 4 

possess clay based soils, w hich according to  Thiele (1977) is where m ost 

carabids are found. Niemela (1990) and N iem ela etal. (1992) stresses the 

im portance o f adequate so il m oisture in  the  d is trib u tio n  o f carabid beetles, 

therefore, the so il characteristics o f blocks 2 and 4 probably provided 

carabids w ith  op tim a l so il m oisture fo r su rv iva l and reproduction.

The lack o f a notable response by the  Carabidae to  the vegetation 

management treatm ents is no t an unexpected resu lt because o f the large 

am ount o f d ive rs ity  in  habits and lifesty les o f the m any carabid species 

w ith in  the  blocks. M ost carabids are able to  move in  response to 

environm enta l change (Refseth 1980), there fore , i f  the vegetation 

; management treatm ents caused enough o f a change in  the m icrohabitats o f 

the Carabid species, dispersal to  more hospitable habitats w ould have 

occurred. Since Carabid catches and ove ra ll species com position d id  not 

i change from  1993 to  1994, the treatm ents apparently d id  n o t have a 

j s ign ifican t e ffect on th is  Fam ily. This re su lt indicates th a t the vegetation 

I management treatm ents d id  no t produce a severe enough change to  the
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Carabids m icrohabitat to  a lte r th e ir abundance one year post-treatm ent. 

This resu lt also indicates the responses o f in d iv id u a l species w ith in  the 

Carabid Fam ily may have masked any treatm ent effects a t the Fam ily level 

o f organization. Further discussion on the effects o f the treatm ents on 

Carabidae follow s in  the next discussion section dealing specifica lly w ith  

Carabid species.

The large increase in  the num ber o f Elateridae (d ic k  beetles) trapped 

in  1994 may be due, in  part, to  an increase in  the am ount o f decaying 

vegetation on the blocks as some Elateridae can live  in  decaying vegetation 

(W hite 1983, Borror etal. 1989). However, the treatm ents d id  no t produce 

a notable effect.

The h igh ly s ign ifican t covarian t effect fo r E lateridae (i.e. the effect o f 

the 1993 catch on the 1994 catch) im plies th a t traps conta in ing  high 

num bers o f th is Fam ily in  1993 tended to  contain h igh num bers o f 

E lateridae in  1994 as w ell. This stands to reason as p roductive  

m icrohabitats fo r th is Fam ily m ay have been even m ore productive  in  

1994 along w ith  the be tte r w eather conditions. This resu lt is also an 

ind ica tion  tha t suitable m icrohabita ts fo r Elateridae are patchy, and areas 

w ith  h igh numbers o f E lateridae trapped in  both years lik e ly  reflects areas 

o f suitable m icrohabitats and adequate food supply.

The lack o f s ign ifican t trea tm ent effects on o the r beetle Families 

tested including Curculionidae, Endomychidae, Staphylinidae, and
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Tenebrionidae indicates th a t the vegetation management treatm ents d id  

n o t change the d is trib u tio n  o f these Fam ilies. It also indicates th a t the 

vegetation management treatm ents d id  no t adversely effect the 

m icrohabita ts and food supply o f these Fam ilies sign ifican tly.

t
i

i

I
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CONCLUSIONS: COLEOPTERA COLLECTED

1. Block differences among the  1993 and 1994 Coleoptera can be 

a ttrib u te d  to  the na tu ra l va ria tio n  between the fo u r blocks.

2. Beetle Fam ilies p re fe rring  open te rra in , such as C icindelidae, are 

found m ore abundantly on b lock 4 because th is block contains m ore 

open habitats in  re la tion  to  the o the r blocks.

3. The presence o f sm all m am m al ca rrion  in  p itfa ll traps in fluenced 

the num ber o f Coleoptera ca rrion  feeders in  the traps, however, th is 

resu lt was no t s ta tis tica lly  s ig n ifica n t (Hobischak 1994).

4. The general increase in  the num ber o f Coleoptera trapped in  1994 

over 1993 can be p rim a rily  a ttrib u te d  to  natura l popu la tion  

fluctua tions, and be tte r w eather lik e ly  causing an increase in  

Coleopteran m ob ility .

5. L ittle  change occurred in  the  num ber o f Carabidae trapped between 

1993 and 1994, and the treatm ents d id  not have a s ig n ifica n t effect. 

This resu lt indicates tha t, in  general, Carabid beetle populations 

appear to  be stable in  abundance and d is trib u tio n  despite the 

app lica tion  o f the vegetation m anagement treatm ents in  the fa ll o f 

1993.

6. N on-sign ificant trea tm ent effects fo r Carabidae may also be a 

re flec tion  o f the d ive rs ity  o f carabid species id e n tified , each o f w hich 

explo its a d iffe re n t niche, thereby, m asking any trea tm ent effects at

1
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th is  level o f organization.

7. Some Coleoptera Families such as the Elateridae, S taphylinidae, and 

Tenebrionidae may have benefited from  the vegetation management 

treatm ents due to  an increase in  decaying vegetation in  the 

trea tm ent p lots. A ll three Fam ilies contain m any species dependent 

on decaying vegetation.

8. S ign ifican t covariate effects fo r E lateridae ind icate  th a t hea lthy 

E lateridae populations in  1993 continued to  th rive  in  1994 despite 

the app lica tion  o f the vegetation management treatm ents.

9. The Leaf beetles, Chrysom elidae, increased in  trapped num bers in  

1994 due to  an increase in  herbaceous vegetation on w hich th is 

Fam ily feeds.

11. S ign ifican t trea tm ent effects fo r Leoididae and S ilphidae can be 

a ttrib u te d  to  changes in  vegetation structure  and cover lik e ly  

resu lting  in  an decrease in  m o b ility  in  the brushsaw and Silvana 

Selective treatm ents, and, thus a decrease in  the numbers o f these 

Fam ilies trapped.
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CHAPTER 3

RESULTS

C arabidae C o llected :

A to ta l o f tw enty-th ree species o f Carabidae were id e n tifie d  from  the 

1993 catch (Table 5), and fo u r add itiona l species were found in  1994. Two 

species, Poecilus lucublandus Say. and Pterostichus coracinus Newman, 

were the m ost abundant in  both years o f sam pling (Figure 12). Ten 

species were o f in term edia te  abundance (Agonum cupripenne Say, A  

decentis Say, A  gratiosum M annerheim , A  thoreyi Dejean, Harpalus 

laticeps Leconte, Chlaenius emarginatus Say, Pterostichus adstrictus Esch., 

P. pensylvanicus Leconte, Sphaeroderus lecontei Dejean, Synuchus 

impunctatus Say). One o f these species, C. emarginatus Say, has not been 

previously id e n tifie d  in  the Thunder Bay area. The rem aining species 

were rare in  occurrence: Amara impuncticollis Say, Agonum placidum Say, 

Apristus subsulcatus Dejean, Badister obtusus Leconte, Bembidion 

muscicola Hayward, B. mutatum Gemm &  H arold, B. wingatei Leconte, 

Bradycellus lugubris Leconte, Carabus maeander Fischer, C.limbatus Say, 

Cymindis cribricollis Dejean, Elaphrus clairvUlei K irby, Notiophilus 

semistriatus Say, Scaphinotus bilobus Say, and Trechus apicalis 

M otschulsky.

Several carabid species includ ing  A  cupripenne Say, P. lucublandus 

Say, and S. impunctatus Say showed a large increase in  num bers trapped
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Table 5. Total numbers with mean/trap and standard deviation of

Carabidae collected from pitfall traps, Fallingsnow Ecosystem

Project (1993 and 1994)

Species 1993 1994 Total Numbers

Mean/ S.D. Mean/ S.D. 1993 1994
Trap Trap

Pterostichus coraanusNewman 3.5
Poedluslucublandus Say 3.2
Synuchus impunctatus Say 2.0
Pterostichus pensyivanicus Leconte 1.9 
Agonum gratiosum Mannerheim 1.5
Harpalus laticep Leconte 1.4
Pterostichus adstrictus Esch. 1.2
Spheroderus lecontei Dejean 1.3
Agonum thoreyi Dejean 1.2
A. decentis Say 1.2
Chlaeniusemarginatus Say 1.1
Amaraimpuncticollis Say 1.1
Agonumpladdum Say 1.0
Scaphinotus bilobus Say 1.0
Carabus maeanderFischer 1.0
Badister obtusus Leconte 1.0
Bembidion wingatei Leconte 1.0
Bradycellus lugubris Leconte 1.0
Agonum cupripenne Say 1.2
Apristus subsulcatus Dejean 1.1
Bembidion musdcola Hayward 1.0
B. mutatum Gemm. and Harold 1.0
Carabus limbatus Say 1.0
Cymindis cribricollis Dejean 1.0
Elaphrus clain/illei Kirby 1.0
Notiophilus semistriatus Say 1.0
Trechus apicalis Motschulsky 1.0
Unidentified

2.7 3.3 2.7 212 237
3.4 4.2 5.3 167 322
1.8 2.4 3.1 76 135
2.2 2.1 2.0 67 114
1.3 1.7 2.1 37 74
1.1 1.2 0.6 29 16
0.7 1.3 1.5 25 20
0.6 1.1 0.4 23 16
0.7 1.5 1.1 16 54
0.6 1.2 0.6 14 23
0.4 1.2 0.7 12 20
0.3 1.0 0.3 6 7
0.2 1.2 0.4 4 15
0.2 1.0 0.1 3 1
0.1 1.0 0 2 0
0.1 1.0 0.2 1 3
0.1 1.0 0.1 1 2
0.1 1.0 0.1 1 2
0.6 1.4 1.1 1 40
0.4 1.3 0.9 0 34
0 1.0 0.1 0 1
0 1.0 0.1 0 2
0 1.0 0.1 0 1
0 1.0 0.1 0 1
0 1.0 0.2 0 3
0 1.0 0.1 0 1
0 1.0 0.2 0 9

21

Total 712 1184
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in  1994, w hile  both H. laticeps LeConte and P. adstrictus Esch 

experienced a large decrease in  num bers trapped in  1994. P. lucublandus 

Say, w hich experienced the largest increase in  numbers trapped in  1994, 

increased in  a ll treatm ents except the V ision  herbicide treatm ent (Figure 

13).

Block differences were notable fo r A  cupripenne Say, A  decentis 

Say, C. emarginatus Say, H. laticeps LeConte, and P. lucublandus Say 

(A ppendix V II). Each o f these species exhib its h igher num bers in  block 4 

(H. laticeps and P. lucublandus), blocks 2 and 4 (A  cupripenne), b lock 2 

(C. emarginatus) and b lock 1 (A  decentis) (Appendix V II). The 

d is trib u tio n  o f carabid species among the fo u r blocks is variable, although 

blocks 2 a n d /o r 4 o ften  ho ld  h igher num bers o f the various species and 

block 1 o ften  has the fewest num bers o f insects.

P o s t-tre a tm e n t: 1994

Block differences were notable fo r a few carabid species includ ing  A  

cupripenne Say, P. lucublandus Say, P. pensylvanicus Leconte, and S. 

impunctatus Say (A ppendix V II). Both A  cupripenne Say and P. 

lucucblandus Say exh ib ited  p rom inen t b lock differences as w ell in  1993.

A  cupripenne Say was found alm ost exclusively in  blocks 2 and 4 in  both 

sam pling years. P. lucublandus Say was consistently m ost abundant in  

block 4.

Covariate ANOVA's fo r A. gratiosum Mann., P. coracinus Say, and P.

I
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! lucublandus Say found s ign ifican t covariate effects (F igure 's 14,15 and

I 16). However, none o f the Covariate ANOVA's o f 1994 C arabid species
I
| tested found s ign ifican t trea tm ent effects (Appendix V III). Nevertheless,

| the genera Agonum and Pterostichus and Poecilus lucublandus showed

| some in teresting  d is trib u tio n  patterns among the treatm ents.

j A  gratiosum Mann, exhib ited its  highest num bers trapped in  the

! C ontro l p lo ts and low est num bers in  the  Brushsaw and S ilvana Selective
it

I treatm ents, w h ile  A  thoreyi Dejean showed its  highest num bers trapped in  

1994 in  the V ision trea tm ent (Figure 17). S im ila rly, P. coracinus Esch.
I
! experienced its  highest num bers trapped in  the V ision trea tm ent in  1994,
i
! w h ile  P. lucublandus Say was trapped the least o ften  in  the  V ision 

treatm ent (Figure 18).

C arabidae B io d iv e rs ity  

The Shannon-W einer b iod ive rs ity  index found th a t the C ontrol 

(untreated) p lots had the highest d ive rs ity  o f carabid species in  1994, 

fo llow ed closely by both  herbicide treatm ents (Figure 19). Both the 

Brushsaw and Silvana Selective cleaning m achine treatm ents had sim ilar, 

bu t low er indices. G enerally, in  a ll treatm ents the genus Pterostichus and 

the species Poecilus lucublandus Say were found in  h ighe r proportions 

than m ost o the r species o r genera (Appendix DC).
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DISCUSSION 

C arabidae C o llected :

The 1993 carabid species results ind icate  differences in  num bers fo r 

m ost species among the  fo u r blocks. This was consistently found fo r the 

m a jo rity  o f the data collected from  th is  pro ject, and c lea rly  illustra tes th a t 

the  fo u r blocks are n o t homogeneous in  the type o r am ount o f hab ita t they 

p rovide fo r various ground-dw elling  insects and arthropods. O pen-habitat 

carabid species such as A  cupripenne Say and P. lucublandus Say were 

both  m ore prevalent in  blocks 2 and 4, w hich contained few er wet areas 

and were, in  general, b e tte r dra ined than blocks 1 and 3 (Appendix X). 

M oreover, block 4 tended to  contain, on average, less ta ll and m edium  

shrubs than the o the r blocks (Bell et al. 1994). Conversely, A  decentis Say, 

a pronounced forest species, had few er num bers in  block 4 during  both 

years o f sam pling. The few er ta ll and m edium  shrubs in  b lock 4 may not 

have provided enough shading fo r fo rest dw elling  carabid species such as 

A  decentis Say, whereas an open-habitat species such as P. lucublandus 

Say may th rive  in  the re la tive  openness o f b lock 4.

C. emarginatus Say also showed p rom inent block differences, and th is 

species had no t been id e n tifie d  in  the Thunder Bay area p rio r to th is study. 

This species is an in h a b ita n t o f deciduous forests, and o ften  occurs on 

m oist so il among leaves as w e ll as under logs (L ind ro th  1961-69). 

Deciduous forests are comm on in  the Quetico Section o f the  Great Lakes St.

i
i
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Lawrence Forest Region southwest o f Thunder Bay (W ickware and Rubec 

1989). This species, w h ich  was previously known from  as fa r n o rth  as the 

Rainy R iver D is tric t, m ay be liv in g  a t the fring e  o f its  range, o r i t  m ay be 

common in  recent cutovers th a t conta in an abundance o f deciduous cover 

such as aspen (Populus tremuloides M ichx.), a lder (Alnus spp.), and 

w illo w  (Salix spp.). I t  is lik e ly  th a t C. emarginatus Say is com m on in  the 

deciduous forests southw est o f Thunder Bay, and is m oving n o rth  as the 

deciduous forests also progress northw ard. This species has e ith e r 

rem ained in  the cutblocks a t low  num bers since harvesting occurred, o r it  

has slow ly re-established in  the cutblocks w ith  the regeneration o f early 

serai vegetation such as aspen, a lder, and w illow . Niemela e t al. (1992) 

and Niemela et al. (1993) agree th a t forest species o f Carabidae w ill o ften  

rem ain in  post-harvest cutblocks in  low  num bers and slow ly increase in  

num ber as suitable vegetation and so il conditions re tu rn .

H. laticeps Leconte also showed notable block differences w ith  

greater num bers in  b lock 4. According to  L ind ro th  (1961-69), H. laticeps 

Leconte has been found  in  sandy, upland woods. A lthough b lock 4 has clay 

soils, the in -b lock road and land ing  contains coarser m ateria l, w hich may 

be suitable fo r th is species. In  add ition , m uch o f b lock 4 is a h ills id e  

plateau in  the northeast p o rtio n  o f the block. A lthough b lock 1 has m ostly 

sandy soils, i t  is p robab ly too w et fo r H. laticeps Leconte to  occur in  h igh 

num bers.
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M any o f the species collected over the two sam pling years com m only 

occur in  open habitats, b u t also can be found in  forests ind ica ting  th a t 

m any o f them  are generalists. These results agree w ith  the observations o f 

Baquette and Gerard (1993), who found th a t co lon izing species were e ithe r 

genera list species (w e ll fitte d  to  co lonization) o r fo rest species generally 

associated w ith  young spruce p lantations (< 10 years). S im ilar conclusions 

also were made by den Boer (1985) ind ica ting  th a t rap id  and large scale 

changes in  the environm ent (e.g. clearcut logging) w ill favour opportun istic 

species, whereas m ost specialist species w ill d ie ou t. It is n o t known how 

m any tru e  “specialist” species existed in  the study blocks p rio r to 

harvesting in  the late 1980’s, however, sam pling o f the adjacent m ature 

fo rest surrounding the  study blocks could provide such in fo rm a tion . 

Pronounced forest species such as A  decentis Say m ay be m ore comm on in  

the adjacent m ature stands, and m ay have e ithe r rem ained a t low  

num bers in  the cutblocks since harvesting o r m ay have o n ly  recently re

established as the fo rest regenerates. Niemela etal. (1993) found th a t 

some fo rest generalists decrease a fte r logging b u t do recover w ith  fo rest
i

regeneration.

M any adults o f carabid species o f rare occurrence were sm all (<5m m) 

in  size re la tive  to  the m ost common carabids, w hich genera lly were larger 

in  size. The sm allest carabid adults includ ing  those o f A  subsulcatus 

j Dejean, T. apicalis M otschulsky, B. obtusus Leconte, B. wingatei Leconte, B.
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muscicola Hayward, B. mutatum Gemm. &  H arold, and B. lugubris Leconte 

were also the m ost rare in  occurrence. The apparent rareness o f these 

species may o r may n o t re flect actual popula tion  numbers. This resu lt 

m ay actua lly  be a re flection  o f a d ifference in  the susceptib ility o f the 

various species to  p itfa ll trapping.

G enerally, large carabid species tend to  move more qu ick ly  and cover 

m ore ground in  less tim e than sm aller species, thus th e ir chances o f being 

trapped are greater. Data collected from  th is  study supports th is  no tio n  as 

species such as P. lucublandus Say and P. coracinus Newman were trapped 

m ost freq u en tly  in  both sam pling years. Refseth (1980) concurs th a t 

la rger species move faster and are trapped m ore frequently than sm aller 

species. Therefore, p itfa ll traps m ay in troduce  bias because o f the 

d iffe re n tia l su scep tib ility  fo r trapp ing  o f various carabid species 

(Greenslade 1964, L u ff 1975, Adis 1979, H alsall and W ratten 1988, and 

Topping and Sunderland 1992). Spence and Niemela (1994) agree th a t, in  

general, large bodied species are re la tive ly  common in  p itfa ll traps w hile  

sm all bodied species are re la tive ly  m ore common in  litte r  washing.

The life s ty le  and habits o f some o f the sm all carabid species m ay also 

have con tribu ted  to  th e ir rareness in  p itfa ll traps. B. muscicola Hayward is 

usually found under leaves in  m oist deciduous forests and is a known 

p reda to r o f m osquito eggs (L ind ro th  1961-69). Thus, th is species is 

freq u en tly  near pools o f w ater, whereas, ve ry few o f the Fallingsnow
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p itfa ll traps were located im m ediately adjacent to pools. Thiele (1977) also 

recognizes th a t m any sm all carabid species are predators o f insect eggs 

and p la n t seeds w ith in  the soil. Since m any o f these species are n o t 

active ly searching fo r food above ground, the chances o f trapp ing  them  in  

a p itfa ll is reduced. In  add ition , the sm aller body size o f these species 

allows them  to  e xp lo it niches in  the so il and litte r  layers th a t m any o f the 

la rger Carabidae avoid and are unable to  expoit.

Sm all carabids were no t the o n ly  rare  species to  have been trapped 

in  low  num bers. C. limbatus Say and C. maeander Fischer were also ra re  in  

occurrence in  the traps. These are both  large (20-25m m ) species. C. 

maeander Fischer is a hygrophilus species, o ften  associated w ith  bogs, 

w h ile  C. limbatus Say is found in  m oist deciduous woods and also is o ften  

found near w ater (L in d ro th  1961-69). C. maeander Fischer was trapped in  

a wet, downslope area in  b lock 1, w h ile  C. limbatus Say was collected in  

: 1994 in  the V ision treatm ent p lo t o f b lock 2 where dense deciduous cover 

occurred p rio r to  treatm ent. It is d iffic u lt to  say i f  C. limbatus Say had 

taken up residence in  the V ision trea tm ent o r i f  it  had been trapped as a 

to u ris t en rou te  to  a m ore suitable hab ita t. The trap  where the one 

in d iv id u a l was caught was no t fa r from  the b lock edge and i t  is possible 

th a t th is  beetle was m erely a to u ris t heading towards the fo rest edge.

The lite ra tu re  is co n flic tin g  about the varying  suscep tib ility  o f 

carabid species to p itfa ll trapp ing based on d a ily  rhythm s. Greenslade
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(1964) found th a t p itfa ll traps contained s ig n ifica n tly  h igher num bers o f 

noctu rna l carabid species than d iu rn a l species when com pared w ith  

quadra t counts. In  contrast, H alsall and W ratten  (1988) found no 

differences in  capture ra te  o f noctu rna l and d iu rn a l species. The use o f 

p itfa ll traps in  th is  study m ay n o t have biased the sample towards 

noctu rna l species, however, the use o f a ro o f overtop the p itfa ll trap  may 

have biased the sample tow ards trap p in g  few er day-active carabids. Baars 

(1979) found th a t day-active carabid species are caught less in  traps w ith  

d a rk  roofs, whereas n ig h t active species showed no d ifference in  num bers 

caught under d a rk  o r lig h t coloured roofs.

The general increase from  1993 to  1994 in  the num ber o f ind iv idua ls 

o f open-county species is probab ly m ore a re flection  o f na tu ra l population 

fluctua tions a n d /o r the warm er, d rie r w eather conditions o f 1994 

co n trib u tin g  to  increased insect a c tiv ity , and no t a reaction to  the 

vegetation management treatm ents. However, it  is possible th a t the 

vegetation management treatm ents in d ire c tly  caused an increase in  

carabid  a c tiv ity . The rem oval o f vegetation cover w ould a llow  m ore 

su n lig h t to penetrate to  the so il surface, thus increasing so il tem peratures 

and decreasing m oisture. A ccordingly, m icroclim ate and m icrohabitats 

w ould be changed fo r m any species causing them  to m igrate to  a m ore 

su itab le hab ita t (Thiele 1977). Therefore, increases in  num bers trapped o f 

some species m ay be a re fle c tion  o f a mass m ig ra tion  to m ore favourable
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habitats. However, s ta tis tica l analyses o f five  carabid species do not 

support th is  theory.

P o s t-tre a tm e n t: 1994

The vegetation management treatm ents, alone, had ve ry  little  effect 

on the carabid species. Block differences were evident in  1994 as they 

were in  1993 in d ica tin g  th a t n a tu ra l va ria tio n  between the blocks as 

ou tlined  on page 68 influenced the  presence and abundance o f many 

species o f Carabidae.

A lthough P. adstrictus Say was n o t tested fo r trea tm ent effects (due 

to  the low  num bers trapped in  both  sam pling years), th is  species d id  

e xh ib it a notable d ifference in  num bers between the various treatm ents.

In  both years o f samping, P. adstrictus Say was trapped in  the lowest 

num bers am ongst th is  genus. In tergeneric com petition is n o t thought to  be 

responsible fo r th is  species low  num bers. C om petition does n o t p lay a 

large ro le  in  carabid species niche d iffe re n tia tio n  (Thiele 1977, Loreau 

1986). The e a rly  serai stage co n ife r p lan tations may n o t have provided P. 

adstrictus Say w ith  its  optim um  hab ita t. Since th is species is common in  

northern  coniferous forests (L in d ro th  1961-69) and n o t deciduous forests, 

it  is lik e ly  a fo rest species th a t was present in  the area o f study in  

re la tive ly  low  num bers before and a fte r harvesting. The vegetation 

management treatm ents com bined w ith  the warm er, d rie r w eather 

conditions o f 1994 m ay have created an environm ent where soils were too
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d ry  and vegetation cover was too sparse fo r th is  species to  th rive . The fact 

th a t m ost o f the P. adstrictus Say ind iv idua ls were trapped in  the C ontro l 

(untreated) p lots in  1994 adds v a lid ity  to  th is  explanation.

A. thoreyi Dejean also appears to have been influenced by the 

vegetation management treatm ents, however, th is  species was also n o t 

s ta tis tica lly  tested due to  the low  num bers trapped. A thoreyi Dejean was 

m ost o ften  trapped in  the V ision treatm ent in  1994. Since A. th o re y i 

Dejean is a hygrophilus species, m ost often occurring a t the m argin o f 

standing, sm all waters o r marshes in  rich  organic so il and rip a ria n  

vegetation cover (L in d ro th  1961-69), th is resu lt was no t expected. Again, 

an increased catch o f th is  species in  an u n like ly  trea tm ent such as the 

V ision trea tm ent may be an ind ica tion  th a t conditions w ith in  th is 

treatm ent were too hostile  fo r th is  species.

The la rger num bers trapped o f A. thoreyi Dejean in  the V ision 

treatm ent m ay be a re flection  o f increased m o b ility  due to  m ig ra tion  to a 

favourable hab ita t w ith  adequate food supplies and shelter. Baars (1979b) 

refers to  th is  type o f m igra tion  as "d irected m ovem ent". M oreover, the 

V ision trea tm ent reduced vegetative cover to the greatest degree, thereby, 

reducing the  am ount o f ground level obstacles such as grass shoots, and 

o the r p la n t stems. Refseth (1980) found th a t habitats w ith  an open fie ld  

layer perm itted  greater speed o f movement w hich resulted in  greater 

trapp ing frequencies.

i
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Like A. thoreyi Dejean, P. coracinus Newman also seemed to  be 

in fluenced  by the treatm ents a lthough the sta tis tica l analysis was n o t 

s ign ifican t. P. coracinus Newman was m ost frequen tly  trapped in  the 

V ision  trea tm ent in  1994. P. coracinus Newman is a fo re s t species b u t is 

also know n to  occur in  meadows and fie lds (L ind ro th  1961-69). This 

species m ay have also been m igrating  to  m ore suitable hab itats where 

vegetative cover and food was abundant. Grum (1971) found  th a t 

increased m o b ility  is corre la ted  w ith  hungry carabid beetles, therefore, 

increased catches o f P. coracinus Newman m ay be associated w ith  th e ir 

search fo r food. As w ith  A thoreyi Dejean, increased trapp ing  o f P. 

coracinus Newman in  the V ision  treatm ent m ay also be a resu lt o f 

increased trapp ing  e ffic iency due to  decreased vegetative co ve r.

P. pensylvanicus Leconte also dem onstrated th is same trend, 

however, the d iffe rence  in  num bers trapped between treatm ents was not 

as m arked. Conversely, low  num bers trapped o f P. lucublandus Say in  the 

V is ion  trea tm ent m ay ind ica te  low er m o b ility  o f th is species due to  an 

abundance o f food and a su itab le  m icrohabita t. However, P. lucublandus 

Say, an open-country species, d id  e xh ib it its  highest num bers trapped in  

the Silvana Selective trea tm ent ind ica ting  th a t the d ifference in  im pact on 

m icrohab ita ts between the V ision  treated p lots and the S ilvana Selective 

trea ted p lo ts was rem arkable fo r th is  species.

W hile the vegetation management treatm ents d id  n o t show
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s ig n ifica n t effects on any o f the  carabid species tested, the  1993 catch o f A  

gratiosum M ann., P. coracinus Newman, and P. lucublandus Say was re la ted  

to  the  1994 catch o f these species. This resu lt shows th a t traps conta in ing 

large num bers o f these species in  1993 continued to  have large num bers in  

1994. I t  can be concluded th a t fo r some carabid species, p itfa ll traps 

placed in  the  same sam pling sites over tw o consecutive years does no t 

negative ly im pact these populations. M oreover, th is  re su lt indicates th a t 

the  d is trib u tio n  o f carabid species is patchy, and th a t m icrohabita ts 

con ta in ing  hea lthy populations o f these species in  1993 continued to 

produce hea lthy populations in  1994 despite the app lica tion  o f the 

vegetation management treatm ents. Niemela (1990) and Niem ela etal. 

(1992) determ ined th a t ground-beetles show non-random  spatia l 

d is trib u tio n s  both  w ith in  and between habitats, and th a t ground-beetles 

tend  to  occur in  aggregations associated w ith  p a rticu la r m icrohab ita t types.

M ost o f the carabid species trapped in  the Fallingsnow  study lik e ly  

h ibernate  as adults, and m ating and egg laying  occurs in  the  spring. The 

treatm ents occurred in  the  fa ll o f 1993 (August to  O ctober) w h ile  the m any 

carab id  species were s till active, however, the herbicide treatm ents d id  n o t 

produce a perceptable e ffect u n til the fo llow ing  spring. Conversely, the 

m anual brushsaw treatm ent and the Silvana Selective trea tm ent changed 

the  landscape by im m ediate ly rem oving the m id- and upper-vegetation 

layers. In  a d d itio n , the Silvana Selective treatm ent w ould have caused the
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m ost ground-level disturbance o f a ll the treatm ents, possibly im pacting on 

ground-beetle m icrohabitats and causing d ire c t m o rta lity . I f  m igration  

was to  occur from  the herbicide treatm ents because o f changes in  

m icrohabita t, i t  w ould no t occur u n til the spring o f 1994. However, the 

a lte ra tio n  o f h ab ita t was im m ediate in  the  brushsaw and Silvana Selective 

treatm ents. This m ay have caused some species to  m igrate to  less 

d isturbed m icrohabita ts. However, the add ition  o f w oody debris on the 

ground may have created add itiona l suitable m icrohabitats fo r m any 

carabid species.

N otably low  Shannon-W iener d ive rs ity  indices fo r the brushsaw and 

Silvana Selective treatm ents in  com parison to the C ontro l and the herbicide 

treatm ents indicates th a t the m anual and m echanical rem oval o f 

com petitive vegetation had the greatest im pact on carabid species. 

However, i f  I support the find ings o f Grum  (1971) and Refseth (1980), I 

w ould conclude th a t the low  d ive rs ity  indices in  the brushsaw and Silvana 

Selective treatm ents is a re flection  o f satiated species th a t do no t need to  

move a great deal to  fin d  food. Lower m o b ility  o f carabid species, due to  

an abundance o f suitable m icrohabitats provided by increased am ounts o f 

large and sm all organic debris w ith in  these treatm ents, m ay have lowered 

the num ber o f ind iv idua ls trapped in  the brushsaw and Silvana Selective 

treatm ents.

H igher d ive rs ity  indices in  the both  herbicide treatm ents may

i
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ind icate  hungry ind iv idua ls in  search o f food, o r increased m o b ility  due to 

a m ore open hab ita t w ith  few er obstacles. Thus, m ore ind iv idua ls o f more 

species were trapped in  these tw o treatm ents. The s im ila rity  in  d ive rs ity  

indices between the herbicide treatm ents and the C ontro l (untreated) plots 

indicates th a t carabid species were m ore affected by s tructu ra l changes in  

the vegetation caused by the brushsaw and Silvana Selective treatm ents 

than by the chem ical reduction  o f vegetation cover.

The expected resu lt o f the  vegetation management treatm ents was to  

create a gradient o f disturbance from  low  to  h igh by w hich carabid species 

w ould separate themselves along the gradient. The C ontro l (untreated) 

p lo ts rem ained unchanged, therefore, th is  trea tm ent was the least 

d isturbed, w hile  the V ision herbicide trea tm ent rem oved the greatest 

percent vegetation cover o r a ll the  treatm ents, and therefore, sustained the 

greatest degree o f disturbance (Bell et al. 1996 unpublished). The o ther 

th ree treatm ents should have been separated along the gradient between 

the extremes o f no disturbance and greatest disturbance. However, th is 

separation was no t apparent, thus a clear separation o f the effects o f the 

vegetation management treatm ents d id  n o t occur. W hile the V ision 

treatm ent reduced woody and herbaceous vegetation more than any other, 

the brushsaw and Silvana Selective treatm ents also decreased deciduous 

cover (Bell e t al. 1996 unpublished). The effects o f the Release herbicide 

treatm ent was m idway between the  V ision herb icide treatm ent and the

i
!i
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tw o m echanical methods in  th a t it  decreased deciduous tree and shrub 

cover, bu t retained the grass and much o f the herbaceous layer.

The high d ive rs ity  index found fo r the C ontro l was n o t e n tire ly  

expected. The lite ra tu re  indicates th a t d ive rs ity  increases w ith  increasing 

disturbance includ ing disturbance caused by vegetation management 

(Lenski 1982 a and b, P arry and Rodger 1986, Jennings et al. 1986, Day 

and C arthy 1988, House 1988, Niemela et al. 1992, N iem ela et aL 1993, and 

Duchesne and M cAlpine 1994). However, the species present in  the 

Fallingsnow blocks p rio r to  the  vegetation management treatm ents are 

lik e ly  generalists tha t colonized a fte r the blocks were harvested. Species 

d ive rs ity  in  the blocks p rio r to the vegetation management treatm ents was 

lik e ly  near its  peak in  re la tio n  to the successional stage o f the plantations. 

Thus, the C ontro l p lots continued to  exh ib it h igh  species d ive rs ity  a fte r the 

vegetation management treatm ents occurred. D ifferences in  species 

d ive rs ity  between the treatm ents indicates th a t the vegetation 

management treatm ents d id  produce a s ligh t, bu t d is tin c t, e ffect on 

Carabidae.

Most o f the species trapped in  th is study were e ith e r fo rest species 

adapted to young spruce p lanta tions o r generalists w e ll adapted to 

co lon ization. The vegetation management treatm ents set back the 

vegetation in  the blocks by a couple o f years, b u t the am ount o f 

vegetation disturbance and so il disturbance was fa r less than produced by
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clearcut harvesting operation fo llow ed by m echanical site preparation. 

W hile logging operations fo llow ed by m echanical site preparation  m ay 

v irtu a lly  elim in a te m any p la n t species from  an area, fo rest release 

treatm ents tend o n ly  to  change p lan t species re la tive  abundance 

(Lautenschlager 1991, 1993). By m id - to  late-July, 1994, the vegetation in  

a ll treatm ents was lush ind ica ting  a qu ick recovery.

It  is  an tic ipa ted  as vegetation recovers in  each trea tm ent and the 

fo rest grows from  early  serai in to  m ature, the vegetation com position 

w ith in  each trea tm ent may, in  tu rn , have an effect on the carabid species 

com position. The C ontro l p lots w ill eventua lly become a shrub/hardw ood 

fo rest and species associated w ith  th is  fo rest type w ill be the m ost 

com m on in  the C ontro l plots. The extrem e o f th is  is the V ision treatm ent, 

w hich should eventua lly become a p redom inantly coniferous fo rest 

p lan ta tion . Consequently, fo rest species such as P. adstrictus Say should 

increase in  num ber in  a ll treatm ents. O pen-country species w ill become 

less com m on, and w ill lik e ly  leave and colonize d isturbed o r open sites, o r 

they m ig h t rem ain in  low  num bers occupying openings w ith in  the fo re s t 

Forest generalists and specialists w ill eventua lly become common as the 

fo rest m atures, and species d ive rs ity  w ill decrease (Jennings 1986, 

N iem ela e t al. 1992, Baquette and Gerard 1993, Niemela e t al. 1993).
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CONCLUSIONS: CARABIDAE COLLECTED

1. Between and w ith in  Block differences in  Carabidae collected in  1993 

and 1994 are a re flection  o f the b lock differences in  so il type, 

m oisture regime, drainage pa tte rn , vegetation cover, m icroclim ate 

and m icrohabitat.

2. C. emarginatus Say may be a t the fring e  o f its  range, o r i t  m ay be a 

com m on species in  recent cutovers th a t conta in an abundance o f 

e a rly  serai deciduous cover.

3. W ith  the exception o f C. limbatus Say and C. maeander Fischer, the 

m a jo rity  o f rare species were sm all bodied (<5m m ). Commonness o r 

rareness o f carabid species in  p itfa ll traps is a function  o f various 

factors such as size, locom otor a b ility , lifes ty le  and habits, and 

possib ly d a ily  a c tiv ity  rhythm s.

4. O pen-habitat species, fo rest species, and species w ith o u t a 

preference fo r e ithe r open-habitat o r forests com prised the 

m a jo rity  o f species ind ica ting  th a t m ost o f the species trapped were 

e ith e r fo rest species adapted to young stands o r generalists (w e ll 

adapted to colonization).

5. Increased numbers o f ind iv id u a ls  trapped from  1993 to  1994 is 

a resu lt, in  part, o f the w arm er, d rie r w eather conditions 

experienced in  1994. N atura l popula tion  fluctuations o f carabid 

species may also have been a facto r in  differences in  the num ber o f
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ind iv idua ls trapped between the years.

6. The vegetation management treatm ents d id  n o t s ig n ifica n tly  e ffect 

the carabid species ind ica ting  th a t the treatm ents d id  not 

s ign ifica n tly  change the m icrohabitats suitable fo r Carabidae.

7. Large num bers trapped o f A  thoreyi Dejean in  the V ision treated 

p lo ts in .1994 m ay be due to the dispersal o f these species in  a 

“d irected m ovem ent”  in to  m ore suitable m icrohabita ts elsewhere. 

The lack o f vegetation in  the V ision treatm ent allows increased 

m o tility , and, thus, increased suscep tib ility  fo r being trapped.

8. Low num bers o f P. lucublandus Say in  the V ision trea tm ent m ay 

ind icate  low er m o b ility  o f th is  species due to  an abundance o f food 

and a suitable m icrohabita t.

9. The 1993 catch o f A gratiosum Mann., P. coracinus Esch., and P. 

lucublancus Say s ig n ifica n tly  influenced the 1994 catch o f these 

species, ind ica ting  th a t m icrohabitats supporting large num bers o f 

these species continued to  be successful a fte r the vegetation 

management treatm ents occurred. This resu lt supports the find ings 

o f Niemela (1990) and Niemela etal. (1992) who concluded th a t 

ground-beetles tend to  occur in  aggregations and were associated 

w ith  p a rticu la r m icrohabita t types.

10. Shannon-W iener d ive rs ity  indices in  the brushsaw and Silvana 

Selective treatm ents im p ly  a low er species d ive rs ity  in  these

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



134
treatm ents. However, these treatm ents m ay a ctu a lly  be s im ila r in  

d ive rs ity  to  the o the r treatm ents, b u t low er m o b ility  o f ind iv idua ls  

due to  increased m icrohabitats and food supp ly m ay n o t be reflected 

by th is  s ta tis tic . The in a b ility  to  re fle c t ecological processes has been 

a constant c ritism  o f the Shannon-W iener d iv e rs ity  index.

11. I propose th a t changes in  carabid species com position w ill occur 

th rough  tim e as vegetation regenerates on each treatm ent. The m ost 

notable d ifference in  species com position w ill occur in  the C ontro l 

(untreated) p lots and the V ision herb icide  trea tm ent.

12. I propose th a t species d ive rs ity  w ill decrease as vegetation 

regenerates and m atures on the various treatm ents. O pen-habitat 

species w ill decrease in  num ber, and w ill e ith e r disperse and colonize 

elsewhere, o r w ill be confined to sm aller open patches w ith in  the 

forest. Forest generalists and specialists w ill increase in  num ber as 

the fo rest ages.
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RECOMMENDATIONS 

F urther ground-dw elling insect and a rth ropod  studies w ith in  the 

Fallingsnow Ecosystem Project should concentrate e ffo rts  on one specific 

insect o r a rth ropod  Fam ily. Since pre- and post-treatm ent species data 

exists on the ground-beetles (Coleoptera; Carabidae), i t  w ould be wise to 

continue th is  focus.

In teractions between the Carabidae and o the r b io tic  and abio tic 

factors inc lud ing  soils (m oisture and tem perature) and vegetation cover 

and structu re  w ould add a w ealth o f know ledge to  the effects on 

Carabidae. Changes in  m icrohabitats caused by large scale disturbances in  

vegetation cover and structu re  (Le. a lte rna te  vegetation management 

treatm ents) should also be examined m ore closely. In  add ition , sam pling 

o f the m ature stands adjacent to the existing  blocks w ou ld  provide 

add ition a l in fo rm a tion  w ith  respect to  carabid d ive rs ity  and changes in  

d ive rs ity  associated successional changes in  the vegetation.

Projects focusing on o the r taxa collected in  th is  study w ould also be 

o f in te rest in  o rder to p rovide a m ulti-d im ensiona l look a t the effects o f 

a lthe rna tive  vegetation managment on d iffe re n t epigeal insects and 

arthropods. Taxa th a t m igh t be o f in te rest to  o the r researchers include the 

Araneae, Homoptera, Collem bola, Form icidae (Hym enoptera), and 

Staphylinidae (Coleoptera).
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APPENDIX I 

FALLINGSNOW STUDY BLOCKS, 1 TO 4,

SHOWING PITFALL TRAP LOCATIONS (* )
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APPENDIX II

TOTAL NUMBERS BY BLOCK FOR INSECT AND ARTHROPOD ORDERS 

CAPTURED IN PITFALL TRAPS, FALLINGSNOW ECOSYSTEM

PROJECT (1993 and 1994)

1993 1994

Order Block 1

Acari

Araneae

253 2067 1078 558 

996 1099 954 1074

1357 2263 2871 1008 

1813 1760 1775 1065

Coleoptera 855 1113 926 764 845 1780 1286 1021

Collembola 29 120 162 59 413 232 661 347

Diplopoda 114 309 25 84 36 60 22 68

Diptera 1485 2649 1794 882 1168 2049 1259 748

Gastropoda 178 195 118 47 102 152 161 63

Hemiptera 11 11 1 26 44 24 102 236

Homoptera 55 59 112 165 172 130 194 252

Hymenoptera 474 782 712 1079 1470 1510 1926 2366

Lepidoptera 9 13 8 20 21 43 40 87

Orthoptera 34 322 157 138 156 194 80 203

Opiliones 83 68 25 20 145 129 47 46
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APPENDIX III

LEAST SIGNIFICANT DIFFERENCE (LSD) TEST AND COVARIATE 

ANOVA (PRE-TREATMENT [1993 ] CAPTURES=COVARIATE) FOR 

TREATMENT AND TIME EFFECTS ON EPIGEAL INSECT AND 

ARTHROPOD ORDERS DURING THE FIRST (1994) POST-TREATMENT 

GROWING SEASON, FALLINGSNOW ECOSYSTEM PROJECT

ANO VA: COLEOPTERA (log  u n its )

Source d f Sums o f Squares Mean Square F-ratio  Prob

Block 3 1.33943 0.446475 4.3169 0.0072
Treatm ent 4 0.713519 0.178380 1.7247 0.1531
Blk*Treat 12 1.26589 0.105491 1.0200 0.4395
93Coleop 1 0.365705 0.365705 3.5360 0.0638
Error 77 7.96370 0.103425
Total 97 11.6552

ANOVA: ARANEAE (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 0.642250 0.214083 4.1013 0.0094
Treatm ent 4 0.415619 0.103905 1.9906 0.1043
Blk*Treat 12 1.13306 0.094422 1.8089 0.0612
9 3 Araneae 1 0.109644 0.109644 2.1005 0.1513
Error 77 4.01929 0.052199
Total 97 6.22599

ii
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ANOVA: ORTHOPTERA (log units)

Source d f Sums o f Squares Mean Square F-ratio  Prob

Block 3 1.44005 0.480015 3.8760 0.0123
Treatm ent 4 0.111952 0.027988 0.22599 0.9231
Blk*Treat 12 1.06377 0.088647 0.71580 0.7317
930rthop 1 1.48418 1.48418 11.984 0.0009*
Error 77 9.53599 0.123844
Total 97 14.9831

ANOVA: HOMOPTERA (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 0.531411 0.177137 1.9477 0.1289
Treatm ent 4 1.94059 0.485148 5.3345 0.0008*
Blk*Treat 12 2.47210 0.206008 2.2652 0.0161*
93Homop 1 0.466384 0.466384 5.1282 0.0264*
E rror 77 7.00273 0.090945
Total 97 12.7128

Expected C ell m eans o f: H om optera (lo g  u n its )

T re a tm e n t Expected ce ll m ean C ell co un t
Brushsaw 0.9293 18
Release 0.7440 20
Control 0.9071 20
Vision 0.5411 20
Silvana Selective 0.8488 20
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LSD - HOMOPTERA (lo g  u n its ) *  ind ica tes s ig n ific a n tly  d iffe re n t 
tre a tm e n ts

T re a tm e n ts
Brushsaw Release Control Vision Silvana

Brushsaw
*

Release
*

Control
*

V ision

Silvana *

ANOVA: COLLEMBOLA (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 2.23577 0.745256 
Treatm ent 4 0.710139 0.177535 
B lk*Treat 12 2.22451 0.185376 
93Collemb 1 0.000517 0.000517 
E rror 77 10.2603 0.133251 
Total 97 15.5817

5.5929
1.3323
1.3912
0.00388

0.0016
0.2655
0.1885
0.9505

ANOVA: DIPLOPODA (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 0.321703 0.107234 
Treatm ent 4 0.358086 0.089521 
B lk*Treat 12 1.27405 0.106171 
93Diplo 1 0.540290 0.540290 
E rror 77 7.79630 0.101251 
Total 97 10.7895

1.0591
0.88416
1.0486
5.3362

0.3715
0.4775
0.4148
0.0236*
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ANOVA: DIPTERA (log units)

Source d f Sums o f Squares Mean Square F-ratio

Block 3 
Treatm ent 4 
B lk*Treat 12 
93D iptera 1 
E rro r 77 
Tota l 97

1.10765
0.800233
1.21663
0.303549
8.99902
13.7318

0.369216
0.200058
0.101386
0.303549
0.116870

3.1592
1.7118
0.86751
2.5973

Prob

0.0294
0.1560
0.5825
0.1111
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APPENDIX IV

METEOROLOGICAL RECORDS INCLUDING PRECIPITATION, 

TEMPERATURE, AND TOTAL HOURS OF SUNSHINE FOR JUNE AND 

JULY, 1993 AND 1994; THUNDER BAY 'A', ONTARIO

Meteorological Month and Year
Criteria June, 1993 July 1993 June 1994 July 1994

Dry/Wet day 
Ratio

15/15
=1.00

13/18
=0.72

20/10
=2.00

18/13
=1.39

Total Precipitation 
(mm precipitation)

56.2 224.0 87.1 72.2

Normal rainfall values 
(mm)

84.0 79.9 84.0 79.9

Mean temperature 
(degrees Celsius)

12.8 16.8 15.4 16.2

Normal temperature 
(degrees Celsius)

13.9 17.7 13.9 17.7

Greatest rainfall in 
one day (mm)

19.6 41.1 26.7 34.8

Total hours of sunshine 219.8 189.4 258.9 252.2

Total hours of sunshine 
Normal values

259.6 297.1 259.6 297.1

reproduced in part from Environment Canada - Atmospheric Environment Service 
Monthly Meteorological Summaries from Thunder Bay 'A\ Ontario
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APPENDIX V

TOTAL NUMBERS BY BLOCK FOR COLEOPTERA 

FAMILIES CAPTURED IN  PITFALL TRAPS, FALLINGSNOW 

ECOSYSTEM PROJECT (1993 and 1994)

1993 1994
Fam ily Block 1 2 3 4 1 2 3 4

Carabidae 278 269 170 323 219 360 196 40!

Chrysomelidae 1 5 9 6 8 43 10 3

Cicindelidae 0 1 1 29 - - - -

Cryptophagidae 3 5 16 3 27 9 0 0

Curculionidae 1 7 3 32 5 9 9 60

Elateridae 3 20 12 23 32 57 64 19

Endomychidae 13 25 24 37 12 43 21 77

Histeridae 4 5 4 3 1 20 28 4

Lam pyridae 32 34 23 21 19 22 24 28

Lathrid idae - - - - 68 79 56 64

Leiodidae 125 187 329 135 214 291 111 62

Pselaphidae 92 4 16 4 - - - -

P tiiiidae 0 9 50 0 1 21 62 1

Mycetophagidae 21 0 3 0 - - - -

N itidu lidae 24 28 42 25 0 57 25 10
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Phalacridae 28 8 3 1 - - - -

Scarabaeidae 2 7 11 8 9 27 11 11

Scolytidae 98 9 9 4 - - - -

Silphidae 74 182 60 57 78 177 178 64

Staphylinidae 32 83 90 35 105 547 364 130

Tenebrionidae 27 31 19 14 28 29 36 29

it
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



158
APPENDIX VI

LEAST SIGNIFICANT DIFFERENCE (LSD) TEST AND COVARIATE 

ANOVA (PRE-TREATMENT [1 99 3 ] CAPTURES=COVARIATE) FOR 

TREATMENT AND TIM E EFFECTS ON COLEOPTERA FAMILIES 

DURING THE FIRST (1994) POST-TREATMENT GROWING SEASON, 

FALLINGSNOW ECOSYSTEM PROJECT

ANOVA: CARABIDAE (square ro o t u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 21.3832 7.12772 4.8184 0.0040
Treatment 4 2.63384 0.658460 0.44512 0.7756
Blk*Treat 12 20.9838 1.74865 1.1821 0.3110
93Carabid 1 1.27475 1.27475 0.86174 0.3562
Error 77 113.905 1.47928
Total 97 163.718

ANOVA: CURCULIONIDAE (log  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 0.439271 0.146424 3.1027 0.0314
Treatment 4 0.178642 0.044660 0.94634 0.4419
Blk*Treat 12 1.03986 0.086655 1.8362 0.0567
93Curcul 1 0.177649 0.177649 3.7643 0.0560
Error 77 3.63385 0.047193
Total 97 6.31338
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j ANOVA: ENDOMYCHIDAE (log units)

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 1.80939 0.603131 7.8119 0.0001
Treatm ent 4 0.335549 0.083887 1.0865 0.3692
Blk*Treat 12 1.63777 0.136481 1.7677 0.0688
93Endom 1 0.038923 0.038923 0.50414 0.4798
Error 77 5.94494 0.077207
Total 97 10.1848

ANOVA: ELATERIDAE (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 0.969738 0.323246 3.8194 0.0132
Treatm ent 4 0.325480 0.081370 0.96146 0.4336
Blk*Treat 12 1.81017 0.150847 1.7824 0.0660
93Elaterid 1 0.642327 0.642327 7.5897 0.0073
Error 77 6.51666 0.084632
Total 97 10.8529

ANOVA: LEOIDIDAE (log  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 
Treatm ent 4 
Blk*Treat 12 
93Leoidae 1 
Error 77 
Total 97

2.90105
2.16392
1.23482
0.019705
14.2075
20.6741

0.967015
0.540981
0.102902
0.019705
0.184513

5.2409
2.9319
0.55770
0.10680

0.0024
0.0259*
0.8689
0.7447
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Expected cell m eans of: Leoididae (log un its)

T re a tm e n t
Brushsaw
Release
Control
V ision
Silvana

Expected
0.4573
0.7633
0.8365
0.5831
0.4912

ce ll mean C ell co u n t 
18 
20 
20 
20 
20

LSD - Leo id idae (lo g  u n its ) *  ind ica tes s ig n ific a n tly  d iffe re n t 
tre a tm e n ts

T re a tm e n t 
B ru shsa w  Release C o n tro l V is io n  S ilv a n a

B ru shsa w

Release

C o n tro l

V is io n

S ilv a n a

ANOVA: SILPHIDAE (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3
Treatm ent 4 
B lk*Treat 12 
93S ilphidael 
E rror 77

2.87646
2.44861
4.01579
0.001133
17.9688

0.958819
0.612153
0.334649
0.001133

4.1087
2.6232
1.4340
0.00486

0.0093
0.0411*
0.1690
0.9446

Total 97 27.4314

ii
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Expected C ell Means o f: S ilph idae  (log  u n its ) 

T re a tm e n t Expected c e ll mean C ell coun t
Brushsaw 0.1983 18
Release 0.5773 20
Control 0.4515 20
V ision 0.3119 20
Silvana 0.1527 20

LSD - S ilph idae  (log  u n its ) *  ind ica tes  s ig n ific a n tly  d iffe re n t 
tre a tm e n ts

T re a tm e n t
B rushsaw  Release C o n tro l V is io n  S ilva n a  

B ru shsa w  *

Release

C o n tro l

V is io n

S ilv a n a  *

ANOVA: STAPHYLINIDAE (lo g  u n its )

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 3.33591 1.11197 6.1753 0.0008
Treatm ent 4 0.644970 0.161242 0.89546 0.4709
Blk*Treat 12 2.11716 0.176430 0.97980 0.4755
93Staphyl 1 0.275893 0.275893 1.5322 0.2195
Error 77 13.8652 0.180067
Total 97 21.4103

i
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ANOVA: TENEBRIONIDAE (log u n its)

Source d f Sums o f Squares Mean Square F-ratio Prob

Block 3 0.044012 0.014671 0.18027 0.9095
Treatm ent 4 0.174347 0.043587 0.53559 0.7100
Blk*Treat 12 0.877214 0.073101 0.89827 0.5524
93Teneb 1 0.003337 0.003337 0.04100 0.8401
Error 77 6.26628 0.081380
Total 97 7.38316
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APPENDIX V II 

TOTAL NUMBERS BY BLOCK FOR CARABIDAE SPECIES 

CAPTURED IN  PITFALL TRAPS, FALLINGSNOW ECOSYSTEM

PROJECT (1993 AND 1994)

1993 1994

Species Block 1 2 3 4 1 2 3 4

Ag. cupripenne 0 6 0 9 2 22 0 14

A. decentis 8 2 2 0 8 6 7 2

A. gratiosum 7 14 13 3 20 21 29 4

A  placidum - - - - 7 3 1 4

A  thoreyi 0 8 3 5 14 6 16 18

Am. impuncticollis - - - - 1 1 2 3

Ap. subsulcatus - - - - 4 13 2 15

Ch. emarginatus - - - - 1 11 3 5

Ha. laticeps 0 2 1 26 2 1 1 12

Pt. adstrictus - - - - 8 19 0 3

P. coracinus 24 48 41 79 45 61 53 72

P. pensylvanicus 4 12 23 27 39 23 9 43

Po. lucublandus 2 33 18 111 23 57 53 189

Sp. lecontei 3 5 10 5 _
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j Sy. impunctatus
164

4  33 23 15 33 77
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APPENDIX VIII

LEAST SIGNIFICANT DIFFERENCE (LSD) AND COVARIATE ANOVA 

(PRE-TREATMENT [1993] CAPTURES=COVARIATE) FOR TREATMENT 

AND TIME EFFECTS ON SPECIES OF CARABIDAE 

DURING THE FIRST (1994) POST-TREATMENT GROWING SEASON, 

FALLINGSNOW ECOSYSTEM PROJECT

ANOVA: A. gratlosum  (log units)

Source df Sums of Squares Mean Square F-ratio Prob

Block 3 0.260378 0.086793 1.2428 0.3031
Treatment 4 0.256099 0.064025 0.91678 0.4608
BlkTreat 11 0.600281 0.054571 0.78141 0.6569
93A.grat 1 0.483000 0.483000 6.9161 0.0111*
Error 55 3.84102 0.069837
Total 74 5.83706

ANOVA: P. coracinus  (log units)

Source df Sums of Squares Mean Square F-ratio Prob

Block 3 0.481563 0.160521 1.4619 0.2350
Treatment 4 0.269615 0.067404 0.61386 0.6544
BlkTreat 11 0.870761 0.079160 0.72093 0.7136
93P.coracin 1 0.455274 0.455274 4.1463 0.0466*
Error 55 6.03912 0.109802
Total 74 7.89517

ANOVA: P. lucub landus  (log units)

Source df Sums of Squares Mean Square F-ratio Prob

Block 3 1.53693 0.512309 4.4255 0.0074
Treatment 4 0.368052 0.092013 0.79484 0.5337
BlkTreat 11 1.33717 0.121561 1.0501 0.4174
93P.lucu 1 0.596539 0.596539 5.1531 0.0271*
Error 55 6.36698 0.115763
Total 74 14.3474
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ANOVA: P. pensylvanicus (log units)

Source df Sums of Squares Mean Square F-ratio Prob

Block 3 0.431566 0.143855 2.0212 0.1216
Treatment 4 0.125143 0.031286 0.43957 0.7794
Blk*Treat 11 0.508352 0.046214 0.64932 0.7786
93P. pensyl 1 0.031635 0.031635 0.44448 0.5078
Error 55 3.91450 0.071173
Total 74 4.96930

ANOVA: S. itnpunctatus  (log units)

Source df Sums of Squares Mean Square F-ratio Prob

Block 3 0.017274 0.005758 0.07960 0.9708
Treatment 4 0.287931 0.071983 0.99511 0.4181
Blk*Treat 11 0.834525 0.075866 1.0488 0.4184
93S.impunc 1 0.048565 0.048565 0.67137 0.4161
Error 55 3.97851 0.072337
Total 74 6.20196

I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



167
APPENDIX IX

SHANNON-WIENER BIODIVERSITY INDICES FOR POST-TREATMENT 

(1994) CARABID SPECIES IN THE VEGETATION MANAGEMENT 

TREATMENTS AND CONTROL (UNTREATED) PLOTS, FALLINGSNOW

ECOSYSTEM PROJECT

H= -2 PilnPj , where In = natural log
Treatment _____________________

Brushsaw Release Control
Pi PjlnPf Pi PjlnPj Pi PilnPi

0 ---- 0.067 -0.181 0.017 -0.069
0 ----- 0 — 0 —

0.018 -0.072 0.017 -0.069 0.042 -0.133
0.018 -0.072 0.033 -0.113 0.076 -0.196
0 ---- 0.1 -0.230 0.034 -0.115
0 ---- 0.017 -0.069 0.127 -0.262
0.036 -0.120 0.083 -0.207 0.017 -0.069
0 — 0.033 -0.113 0.059 -0.167
0.018 -0.072 0 — 0 —

0.036 -0.120 0.083 -0.207 0.042 -0.133
0 — 0 — 0.009 -0.042
0 — 0 — 0 —

0 — 0 — 0 —

0 — 0 — 0 —

0 — 0 — 0.009 -0.042
0 — 0 — 0 —

0 — 0 — 0 —

0 — 0 — 0.042 -0.133
0 — 0.033 -0.113 0.009 -0.042
0 — 0 — 0 —

0.145 -0.280 0 — 0.025 -0.092
0.200 -0.322 0.133 -0.268 0.102 -0.233
0.418 -0.365 0.267 -0.353 0.246 -0.345
0.109 -0.242 0.100 -0.230 0.127 -0.262
0 — 0 — 0 —
0 — 0 — 0.009 -0.042
0 — 0.033 -0.113 0.009 -0.042

H=1.665 H=2.266 H=2.4
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APPENDIX IX (CONTINUED) 

H= -SPjlnPj, where In = natural log

T rea tm en t

Vision
Pi PilnPi

Silvana
Pi

Selective
PilnPi

0.015 -0.063 0.032 -0.110
0 — 0 —

0 — 0.021 -0.081
0.015 -0.063 0.021 -0.081
0.215 -0.330 0.074 -0.192
0.046 -0.141 0.074 -0.192
0.015 -0.063 0.021 -0.081
0.046 -0.141 0.012 -0.055
0 — 0 —

0.031 -0.108 0.085 -0.209
0.015 -0.063 0 —

0 — 0 —

0 — 0.012 -0.055
0.031 -0.108 0 —

0 — 0 —

0 — 0 —

0.015 -0.063 0 —

0.031 -0.108 0 —

0 — 0 —

0 — 0 —

0 — 0 —

0.123 -0.258 0.053 -0.155
0.2 -0.322 0.511 -0.343
0.138 -0.273 0.032 -0.110
0 — 0.012 -0.055
0.046 -0.141 0.021 -0.081
0.015 -0.063 0.021 -0.081

H =2.308 H =1.881
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APPENDIX X

CARABID SPECIES OF THE FALLINGSNOW ECOSYSTEM PROJECT:

ECOLOGY (from Lindroth 1961-69)

Species Ecology

Agonum cupripenne Say

A. decentis Say 

A. gratiosum Mannerheim

A. placidum Say

A. thoreyi Dejean

Amara impuncticollis Say

Apristus subsulcatus Dejean

Badister obtusus Leconte

Bembidion muscicola Hayward

- in open country, often on gravel or sand, where the 
soil is not too dry and the vegetation is thin. Often 
near water but not confined to its vicinity. Seen 
running rapidly in bright sunshine. Hibernation as an 
adult.

- pronounced forest species, often found under bark

- less hygrophilus than relatives, eurytopic, open & 
moderately moist ground, peat, sphagnum, carices

- xerophilus species, occurring in open, usually 
sandy country, often on cultivated soil among weed 
vegetation, in sandpits. Hibernates as an adult, 
excellent flyer.

- hygrophilus species occurring at the margin of 
standing, often small waters or in marshes. Soil, 
more or less, soft, rich organic and vegetation 
eutrophic (i.e. Typha latifolia, carices, Equisetum 
spp.)

- open, moderately dry open country with rich, more 
or less, incoherent vegetation, usually of pronounced 
weed character; clearly favoured by human activity.

- usually on river banks on dry sand and gravel 
distant from water.

- taken among leaves on rather moist soil in shaded 
position.

- usually under leaves in moist deciduous forests, 
often near pools and small lakes with Carex spp.. 
Easiest to collect in spring and during flooding. 
Predator of mosquito eggs.
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B. mutatum Gemm. & Harold

B. wingatei Leconte

Bradycellus lugubris Leconte

Carabus maeander Fischer

C. limbatus Say 

Chlaenius emarginatus Say

Cymindis cribricollis Dejean 

Elaphrus clairvillei Kirby

Harpalus laticeps Leconte 

Notiophilus semistriatus Say

Pterosticus adstrictus Say

P. coracinus Esch.

P. pensylvanicus Leconte

170
- open, moderately moist spots of fine sand (usually 
moraine) with tiny mosses or other very sparse 
vegetation

- almost subterranean, occurring both under deep 
lying stones in open grassland and among leaves in 
shady deciduous forests.

- shaded position, usually on humus mixed soil 
under bushes of Alnus, Vibernum, and Acer species. 
Also in wet meadows among heaps of grass. Adult 
hibernation.

- hygrophilus species, confined to open, more or 
less, moist ground with rich but moderately high 
vegetation. Often in Carex spp. bogs. Adult 
hibernation.

- moist deciduous woods, often near water

- an inhabitant of deciduous forests, occurring on 
moist soil among leaves, under logs.

- usually on dry, sandy moraine in open position.

- avoids exposed places and prefers shores half 
shaded by trees and bushes or with high, dense 
carex vegetation with bare spots of mud or organic 
detritus. Wet soft soil, but often in some distance 
from water. Adult hibernation.

- in sandy, upland woods. Good flight powers.

- open, gravelly, rather dry ground, often moraine, 
with thin, low vegetation.

- common in northern coniferous forests, but not a 
pronounced forest species, but prefers open country. 
Soil - dry to medium moisture.

- in forests, and notably in wet coastal areas in open 
fields and meadows. Immatures in late summer.

- dead leaves and moss under bushes of alder, 
usually on gravel soil
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Poecilus lucublandus Say - open country, moderately dry soils

Scaphinotus bilobus Say - rare, demands little known. Found in dry gravel pit
near Nipigon, Ontario

Spheroderus lecontei Dejean - a forest species, prefers moist places with mosses
and dead leaves (i.e. under deciduous bushes) often 
near water. Adult hibernation.

Synuchus impunctatus Say - in open country and light forests, on rather dry
ground (usually moraine) (i.e. usually among leaves 
under Rubus spp. and other bushes). Hibernation in 
larval stage. Adults appear around the end of May.

T  rechus apicalis Motschulsky - eurytopic species, usually occurring on meagre soil
among dead leaves under bushes in, more or less, 
shady position. Sometimes in the drier parts of 
Carex spp. marshes, also in open grassland, under 
big stones. Adult and larval hibernation.
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