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ABSTRACT

Carabids in Northwestern Ontario were found to follow one or
another of three basic annual population curves reflecting both
activity and actual population levels., Additional research is needed
to ascertain whether or not other carabid species follow those three
phenology patterns.

The carabid species Scaphinotus bilobus Say , Sphaeroderue
nitidicollie Chevrolat, Pterostichus coracinue Newman and Agonum
decentis Say were found to be primary associates of the mites
(hypopi) Acotyledon, Sancassania, Kuzinia and Schwiebea. Those mites
and Poecilochirue deutonymphs were common associates of the carabids
studied. Other mites were infrequently associated with the carabids.
The mites did not appear to associate selectively with either sex of
carabid, particular species of carabid or particular sites on the
carabids., The mites were found most commonly on ventral surfaces and
rarely under elytra, and did not appear to be associated with the
carabid eggs, pupae or overwintering adults. The mites appeared to be
phoretic on the carabids, using them as a means of transport to

environments more suitable to further development.
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1.0 INTRODUCTION

1.1 Carabid Systematics and Biology

The carabid (Carabidae: Coleoptera) fauna of North America
north of Mexico is well known, Ball (1960) and Lindroth (1961-69)
having revised and added to earlier work by North American
coleopterists such as T.L. Casey, P. F. M. A, Dejean, H. C. Fall,
W. Kirby and J. L. Leconte. Lindroth's The Ground Beetles of Canada
and Alaska (1961-69) provides identification keys, descriptions
and some biology of carabides of Northwestern Ontario.

Notable ecological studies of Carabidae in Canada have been
made by Rivard (1964aq, b; 1965), Barlow (1970), Frank (1971) and
Goulet (1974). Rivard (1964a, b; 1965) studied breeding periods and
dispersal patterns of some ground beetles in eastern Canada. Barlow
(1970) examined phenology and distribution of some species of
Pterostichug in eastern Canada. Frank (1971) and Goulet (1974)

_ worked in Alberta, the former on biology of field carabids, the
latter on biology and relationships of Pterostichus adstrictus
Eschscholtz and P. pengylvanicus Leconte,

Research on some aspects of carabid ecology has been conducted
in Northwestern Ontario. Freitag et al (1969).and Freitag and Poulter
(1970) studied effects of two pesticides on populations of carabids

and spiders. Mercer (1970), Ostaff (1971) and Ostaff and Freitag



(1973) conducted preliminary research on carabids and associated
mite populations. Benson (1972) studied the phenology of some
carabid species. Freitag and Hastings (1973) and Ffeitag et“al‘

(1973) studied ground beetle populations near a kraft mill.

1.2 Acarine Systematics and Biology

Life history data is meagre or absent for most mite groups.
While approximately 30,000 species of Acari have been described,
an estimated additional 500,000 species have yet to be described
(Krantz 1975). Baker and Wharton (1952), Baker et al (1958), Hughes
(1959), Evans et al (1961) and Krantz (1975) have written general

texts on Acari which are used in North America.

1.3 Mites and Insects

Sellnick (1939), Vitzthum (1940-43), Trﬁggrdh (1943), Cooreman
(1961) and MacNulty (1971) have conducted general surveys of mite-
insect relationships.

Taxonomic papers on insecticolous mites have been written by
Turk (1948), Ryke and Meyer (1957, 1958), Ryke (1959), Samsinik
(1957, 1960, 1962), Womersley (1958, 1959, 1960), Evans and Hyatt
(1963), Hyatt (1964), Hunter and Moser (1968), Hunter and Yeh

(1969), Costa (1969a, 1971) and Fain (1970).



Surveys of the mite fauna associated with particular insect
species or groups of species have been conducted by Berlese (1903),
Vitzthum (1926, 1930), Hyatt (1959), Krombein (1962), Costa (1963),
Hunter and Davis (1963) and Hurlbutt (1967).

The biology of insect hosts and their associated mites have
been studied by Neumann (1943), Skaife (1952), Rapp (1959), Mollin
and Hunter (1964), Krantz and Mellot (1968), Springett (1968) and

Smith and Oliver (1976).

1.4 Mites and Beetles

MacNulty (1971) stated that mites are found more often on
Coleoptera than on insects of any other order but that investigations
of such associations are rare. He listed 100 references for mite-
beetle studies and stated that many of the relationships were
probably more complex than phoresy.

Evans and Hyatt (1963) and Costa (1966, 1969b) have studied
mites on manure and coprid beetles. Bark beetles and associated
mite populations have been studied by Hunter and Davis (1963),
Krantz (1965), Hurlbutt (1967), Lindquist (1967, 1969a, b), Hunter
and Moser (1968), Moser and Roton (1971), Kinn (1971) and Moser
(1975, 1976a, b). Other mite-beetle associations have been studied
by Trﬁggrdh (1946), Hunter and Davis (1965) and Hunter and Yeh

(1969). These studies have generally been surveys or ecological



works.,

Little work has been done on carabid beetles and their
associated mite populations. Soper and Olson (1963) and Nickel and
Elzinga (1969) have studied some aspects of carabid-mite associations.
Lindquist (1970) stated that carabids serve as hosts for various
mites including external parasites, tracheal parasites, commensals
and phoretic commensals. He also noted that carabids may prey on
large predaceous mites. Mercer (1970), Ostaff (1971) and Ostaff and
Freitag (1971) studied some aspects of the ecology of carabids and

their associated mite populations in Northwestern Ontario.

1.5 Objectives

The main purpose of the present research was to study various
aspects of carabid and associated mite populations in leaf litter
habitats in Northwestern Ontario, details of which are summarized
as follows: phenology of commonly collected carabids, effects of
pitfall trapping on carabid populations in the trapping sites,
numbers of male and female carabids in relation to time, effects
of some components of weather on pitfall collectioms, ;he species
composition of mite populations found externally on carabids and
beneath their elytra, mite density and frequency of occurrence on

carabids in relation to time and to carabid sex, degree of host

and site specificity of mites on beetles, interdependence of life



cycles or absence thereof, and nature of mite-carabid relationships.



2.0 MATERTALS AND METHODS

2.1 Collecting Sites

Two sites for collecting carabids were chosen, site A beside
highway 11 0.8 km west of the junction of highways 11 and 17 at
Shabaqua 65 km northwest of Thunder Bay, and site B beside Gilbride
Road near One Island Lake 32 km northwest of Thunder Bay.

Both research sites consisted of stands of mature, mixed
boreal forest with 3 to 10 cm of leaf litter and humus. Balsam fir,
white and black spruce and trembling aspen were the most common
tree species in both sites. On 20 June, 1977, a list of plants
evident in reasonable abundance at that time was compiled with the
assistance of D. R. Lindsay for both sites.

Site A was a more mature stand with a greater predominance of
deciduous trees and a deeper leaf litter layer. The soil was
primarily clay (as opposed to sand in B) and retained soil moisture
longer than in site B, Plant growth appeared to be somewhat more
dense in site A and two more plant species were found in A than B

(Table 1).

2.2 Specimens Examined

Between 26 May, 1976 and 23 December, 1977, 1863 adult carabid



beetles (Tables 2, 4, 5) representing 12 genera and 15 species were
collected. Ostaff (1971) collected 16 species, Benson (1972) 19.

A total of 4826 mites was identified from 554 carabids (11
species) collected in 1976. Twelve adult mites representing six
families and seven genera, one tritonymph, 64 deutonymphs repre-
senting two families and two genera and 4749 hypopi representing
two families and four genera were identified for a total of 13
genera of mites found on the carabids. No additional mite genera

were found on carabids collected in 1977,

2.3 Pitfall Traps

In each site pitfall traps were placed in four parallel rows
10 m apart. Rows contained 25 traps 4 m apart. Pitfall traps were
white plastic containers 7 cm deep and 11.5 cm in diameter at the
top. They were buried in the soil with the top edge ievel with the
soll surface. A 15 cm square of 1.5 cm mesh chicken-wire over each
trap prevented the entrance of larger animals. An aluminum pie
plate over each trap reduced the entrance of precipitation and
debris. Pie plates were perched on twigs or natural ground contours
to allow easy entrance to the traps. Area around trap edges was

disturbed minimally.

2.4 Pitfall Trapping



No collecting liquid or bait was used. Southwood (1966) stated
that artificial (Stammer 1949) or natural (Barber 1931; Walsh 1933)
baits can introduce a further source of error into pitfall trapping.

Some hypopi and all other mite stages found externally on the
carabids were dislodged in the vials of 70% ethanol in which the
beetles were preserved. Collecting fluid in the pitfall traps would
have similarly dislodged mites prior to collection of the carabids.
Free-living mites which fell into the pitfall traps would also have
been found in the collecting fluid.

Esau (1968) thoroughly reviewed pitfall trapping. He concluded
that pitfall traps can be used to effectively study short-term and
annual activity periods, presence (or absence) of species, distri-
bution of species over a range, seasonal incidence, some aspects
of behaviour and population dispersal, or habitats of certain fauna.

Tretzel (1955), Grum (1959), Briggs (1961), Mitchell (1963),
Greenslade (1964) and Southwood (1966) have critically studied
pitfall trapping. They concluded that data from pitfall trap
studies reflects both population and activity levels and must be
interpreted accordingly. A better overall method for collecting

carabids was not proposed.

2.5 Collections of Carabids

In 1976, pitfall traps were put in site A on 19 May and in site



B on 26 May. Weekly collections were made from each site until 26
October. A last pre-winter collection was made on 9 November. Early
in each of the months January through April 1977, 25 traps in each
site were checked. Examining 25 traps in each site for each collection
eliminated disturbance of the subnivean environment prior to
collection. All of the traps were examined on 6 and again on 26
April. Weekly collections were then made from the traps in both
sites until 24 May. Three hand collections of hibernating adult
carabids were made in 1977, on 19 November and on 3 and 23 of
December. Mounds of earth, rotten logs and stumps and surrounding
areas on, in and under the leaf litter layer were examined for
adult carabids, as outlined by Larochelle (1972b, 1974, 1975).

All carabid beetles collected were placed individually into
vials of 707 ethanol with a label bearing date of collection and

site and trap designationm.

2.6 Carabid Identification and Examination

Adult carabids were identified to species using keys by Ball
(1960) and Lindroth (1961-69).

Every second carabid collected between 1 June and 26 October
for which two or more specimens of the species were collected was
examinéd for mites. Each beetle was removed from its vial of ethanol

and all of its external surfaces examined under a Wild M5 dissecting
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microscope. Elytra were either removed or lifted to permit
inspection of elytral undersides and areas normally concealed
beneath elytra. This procedure was followed with about half of the

beetles examined externally.

2.7 Mite Specimens

One or more specimens of each species of mite found on the
carabids was prepared for identification. Oribatid mites were
merely placed in microvials containing 707 ethanol. Other repre-
sentative mite specimens were mounted on plain microscope slides
in Hoyer's Solution under round coverslips (number 2 thickness,

18 mm diameter). Where necessary, mites were cleared in warm
lactic acid prior to mounting. Mounted specimens were placed in an
oven at 43°C for five to seven days and then left at room temp-
erature for a week or more before the coverslips were ringed with
euparal.

Mites were sent to either E. E. Lindquist or R. A. Norton for

identification.
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3.0 RESULTS AND DISCUSSION

3.1 Record of Carabid Collections

Table 2 contains a record of weekly collections of carabids
from sites A and B from June to October in 1976, Table 3 contains
a breakdown of those collection records on a tri-weekly basis per
site for purposes of comparison of the sites. Table 4 lists miscel-
laneous collections of carabids made in 1976 and 1977 in pitfall
traps and by hand. Table 5 contains records of May 1977 collections
from each site. Table 6 contains the data from the present study
and from previous pitfall collections from Northwestern Ontario
on weekly carabid collections for periods of vardous lengths. Dates
given in Table 6 are from the present study and are only approxi-
mately accurate for previous studies listed. Data is given for 100
traps in all instances although Freitag and Poulter (1970) used 20
traps and Mercer (1970) and Ostaff (1971) used 25 traps in each of

their sites.

3.2 Comparison of Collecting Sites

Table 3 illustrates that sites A and B are essentially similar

although A is noticeably richer. Consistently larger collections

of carabids were made at site A. Only Pterostichus adstrictug was



more common in site B. Total numbers of the most common species per
tri-weekly period shows that collections rose and fell synchronously
at both sites (yearly population peaks are variable (Table 6)).
Carabid species composition from each site also illustrates
that the sites are similar although A is richer. Eleven carabid
species were collected from site B. All 11 species were also present
in site A. In addition, the species Calosoma frigidum Kirby, Agonum
superioris Lindroth, Amara laevipennie Kirby and Bradycellus

lugubrie Leconte were collected from site A only.

3.3 Collections of Carabids

On 26 May, 1976, 129 carabids were collected from site A
(Table 4). This data was included in outlining phenology of indi-
vidual carabid species because data for each site was considered
independently therein. Between 1 June and 26 October, 1106 (Table
2) carabids were collected from both sites. Examination of those
specimens produced the major body of data for the present study.
One carabid was collected on 9 November., No carabids were collected
from the pitfall traps during the winter of 1976-77 (0lynyk 1977).

Between 6 April and 26 April 1977, and during May, 15 (Table &)
and 603 (Table 5) carabids respectively were collected, recording
for the first time earliest spring carabid activity in Northwestern

Ontario. Hand collections of hibernating adult carabids were made

12
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on 19 November and 3 and 23 December in site A (Table 4) to provide
information on local carabid adults and mites in winter. Those

collections yielded a total of nine carabids.

3.4 Phenology of Carabids Commonly Collected

Tables 7-9 contain collection records for five carabid species
commonly collected from pitfall traps in Northwestern Ontario. Dates
following collectors names refer to the year of collection. Weekly
collection dates refer to the present study and are only approximately
accurate for other studies listed. Data is given for 100 pitfall
traps although Freitag and Poulter (1970) used 20 traps and
Mercer (1970) and Ostaff (1971) used 25 traps in each of their sites.
Descriptions of life cycles in this section are based on data in
Tables 7-9, and on Tables 4 and 5.

Adults of Sphaeroderus nitidicollie Chevrolat appeared in May (Tables
5, 7). Collected specimens were most abundant in early June. Numbers
decreased rapidly and remained low until fall. A second population
peék occurred in September, almost equal in magnitude to the spring
peak. Teneral adults were collected in fall in the present study,
suggesting imaginal overwintering.Peak numbers collected in spring
were probably due to intense feeding, mating and oviposition acti-
vity and in fall due to emergence and mating.

Lindroth (1955) stated that S. nitidicollie adults overwinter.



Larochelle (1972, 1974) collected hibernating adults.

"Adults of Pterostichue adstrictues appeared in April (Tables 4,5,7).
Numbers of specimens collected weekly peaked in early June. Few
specimens are captured after June. Imaginal overwintering is indicated
by early appearance of adults in spring and low numbers collected in
fall suggests that mating activity occurs exclusively in spring.

These findings agree with those of Lindroth (1961-69), Frank
(1971) and Goulet (1974). They all concluded that P. adstrictuse
adults overwinter and all collected immature adults in fall. Frank
(1971) collected gravid females from 10 May to 17 July. Goulet
(1974) observed that adults actively sought food and mates in early
spring, oviposition occurred in May and June, and that larvae pupated
from late August to late:September. He observed some mating in fall,.

Adults of Pterostichus pensylvanicus appeared in April (Tables 4,5
8). Numbers of specimens collected weekly peaked in early June.
Numbers then decreased rapidly and remained low until October when
large numbers were again collected. Teneral adults were captured in
fall. Peak spring collections were probably due to intense feeding,
mating and oviposition activity, peak fall collections due to
emergence of adults and mating activity.

Earlier research supports these conclusions, Lindroth (1961-69)
collected immature P. pensylvanicus adults in August and September.
Larochelle (1972a, 1974) collected hibernating adults in winter.

Goulet (1974) observed that males suffer higher winter mortality

14
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among overwintering adults and that peak feeding, mating and
oviposition activity occurred in spring. He also found that

adults tended to be quiescent in summer and that newly emerged

and older adults (some survived two or three winters) were active

in September and October with some mating activity occurring at that
time.

Adult Pterostichus coracinus Newman appeared in late May
(Tables 5 and 9). Numbers of collected specimens per week increased
until early July and then gradually decreased until September. A
temporary drop in weekly collections occurred about mid-June.
Relatively late appearance of adults in spring and low numbers
collected in fall suggest that P, coracinue overwinters in an
immature form. Declining numbers in mid-June could be due to a
brief period of inactivity following adult emergence and preceeding
mating and oviposition activity. It is also possible that the mid-
June decline in numbers occurred after the period of mating and
oviposition activity of adults which had overwintered. Progeny of
adults which mated in early July would overwinter in an immature
form and mate the following July.

Previous studies do not help to clarify uncertainty in the
pattern of the P. coracinus life cycle. Lindroth (1955, 1961-69)
captured many immature adults in fall and stated that imaginal
overwintering was certain. Larochelle (1972a, 1974) collected

hibernating adults. Barlow (1970) suggested that both adults and



larvae overwinter. Thiele (1973) found that newly emerged adult
carabids were initially active but entered an aestivation diapause
or parapause prior to mating. Thiele (1969), Greene (1975) and
others have reported on similar patterns in other carabids.

Adults of Agonum decentis Say appeared in early May (Tables 5,9).
Weekly collections were greatest in ‘early June and decreased rapidly
thereafter. Few specimens were captured after July. Early appearance
of adults in spring suggests imaginal overwintering.

Previous authors provide marginal substantiation to suggest
imaginal overwintering. Lindroth (1961-69) collected one adult in
September and Larochelle (1972a, 1974) recorded collecting some

hibernating adults,

3.5 Patterns of Carabid Phenology

Goulet (1974) found that adults of Pterostichus adstrictus and
P. pensylvanicus were quiescent in the summer months following
intense feeding, mating and oviposition activity in spring. Barlow
(1970) noted that death of individuals spent from spring breeding
was also a factor in smaller summer collections of those species.

Pitfall collections are governed in magnitude by both activity
and population levels. Peak collections occur during periods of
adult emergence and feeding and reproductive activity. Optimum

collecting periods during the year vary with the species of carabid.

16
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Carabid species in Northwestern Ontario follow one or another
of three basic annual population curves. These curves are presented
in a generalized form in Figure 1.

The first population curve is bimodal, peaks occurring at the
beginning of June and again in fall. Adults are active in early
spring. Peak spring collections result from accelerated feeding,
mating and oviposition activity and fall collections to emergence
and some mating activity. The species Sphaeroderus nitidicollie and
Pterostichus pensylvanicus followed this pattern.

A second population pattern was exhibited by Pterostichus
adstrictus and Agonum decentis. A single population peak occurs in
early June. These species mate exclusively in spring, with intense
feeding and reproductive activity occurring at that time. Adults
emerge in fall but hibernate rather than mate at that time.

A third pattern was exhibited by Pterostichus coracinus and by
Seaphinotus bilobus Say, Calathus ingratus Dejean and Agonum retractum
Leconte. Some adults are collected in spring, then there is a tem-
porary decline in collections and peak numbers collected in early
July. Some individuals are collected in fall. Part of the population
overwinters in an immature stage and reproduces in early July; the
other part of the population overwinter as adults and reproduce in
spring. Benson (1972) provides strong supportive data for this pattern
for F. coracinus, C. ingratus and A. retractum. A slight increase in

numbers collected in fall is due to emergence of progeny of carabids
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which reproduced in spring.

It appears that the magnitude and temporal separation of major
population peaks in curves of the first and third type in relation
to one another are somewhat variable. The species of carabids
involved would be expected to cause some differences and various
environmental factors would also be expected to assert some effects.

Holliday and Hagley (1978) collected ground beetles in apple
orchards in Ontario. Their results indicate that Harpalus affinis
Schrank follows the first type of population curve, Amara spp. the
second and Pterostichus melanarius Illiger the third.

Comprehensive analysis of earlier studies and future research
are needed to determine whether or not carabids always follow the
three basic annual population curves outlined herein. Timing of
various segments of the life cycles will probably'be found to

vary to some degree.

3.6 Numbers of Male and Female Carabids

Table 10 lists the numbers of male and female carabids collected
by Mercer (1970), Ostaff (1971), Benson (1972) and during the present
study. The five species of carabid beetles most commonly collected in
Northwestern Ontario are included in the table.

Many more female than male Sphaeroderus nitidicollis were

collected. Mercer (1970) and Benson (1972) captured more males.



Many more female than male Pterostichus pensylvanicus were
collected. Benson (1972) had similar results, but Ostaff (1971)
captured only a few more females.

Many more male than female P. coracinue were collected. Benson
(1972) had similar results, but Mercer (1970) captured almost equal
numbers of both sexes.

Approximately equal numbers of male and female P. adstrictus
and Agonum decentis were collected. Ostaff (1971) had similar
results, but Benson (1972) collected many more females of both
species.

Proportions of males and females of each species of carabid
collected are variable between years and sites. Generally, female
Pterostichus pensylvanicus and male P, coracinus are more commonly
collected. Almost equal numbers of male and female Sphaeroderus
nitidicollis, P. adetrictue and Agonum decentis are normally
collected.

Table 10 also serves to illustrate that proportions of males
and females were generally similar throughout the collecting season.
The species Sphaeroderus nitididecollie was the sole exception. Many
more females were captured in spring and more males in fall. Fall
mating, with males actively seeking mates could explain larger
collections of males in fall, Goulet (1974) found greater winter
mortality among male Pterostichus pensylvanicue. Randolph et al (1976)

noted that adult female carabids had stored fat bodies in fall. It
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is possible that female S. nitidicollis suffer lesser winter
mortality. Males would again actively seek mates in spring but
their numbers would be reduced from fall levels and females would
be actively seeking oviposition sites; therefore more females
would be collected in spring. Activity level differences for both
sexes must be determined in a temporal framework before actual
differences in numbers of males and females can be quantified from
pitfall trap studies, Activity level differences may be variable

among various carabid species.

3.7 Correlations of Carabid Activity with Weather

Weather data was taken from monthly meteorological summaries
supplied by the Thunder Bay Airport station of the Atmospheric
Environment Service of Environment Canada.

Figures 2-4 illustrate the relationships of the magnitude of
carabid collections to some components of weather.

Figure 2 indicates a negative correlation between pitfall trap
collections and rainfall. Low rainfall corresponded to increased
carabid collections on 1 June, 6 July, 24 August, 7 September and 5
October. High rainfall corresponded to decreased carabid collections
on 15 June, 20 July and 21 September.

Correlations between carabid collections and both hours of

bright sunlight (Figure 3) and temperature (Figure 4) appeared to be
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positive but were generally ill-defined. Carabid collections and
hours of bright sunlight both increased on 6 July and 5 October and
similarly decreased on 15 June, 13 July and 12 October. Carabid
collections and temperature both increased on 1 June, 24 August

and 5 October and decreased on 31 August and 12 October.

Hours of bright sunshine and rainfall would obviously be
expected to have opposite effects because bright sunshine has a
drying effect.

Grum (1959) found that temperature decreases in spring reduced
carabid collections. Bfiggs (1961) and Greenslade (1961) found that
pitfall collections and temperature were positively correlated.
Thiele (1964) found that light and humidity determined carabid
distribution. Krehan (1970) stated that parapause in carabids was
terminated in spring by increasing day length and temperature. Total
carabid activity seems to be a product of activity due to light,
activity due to temperature and activity due to various other factors
(Williams 1940).

Peak carabid collections in 1977 occurred two weeks earlier
than in 1976 (see Tables 2 and 5). Spring 1977 was unusually mild.
Weather conditions seem to modify both the timing and intensity of

peak periods of carabid activity to some extent (Table 6).

3.8 Effects of Pitfall Trapping on Carabid Populations
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Pitfall traps in both sites were designated as peripheral or
central as per Table 11 and collections from both groups of traps
were recorded for carabid collections in May 1977. Average number
of carabids collected weekly per 10 traps of each group was used
as an arbitrary basis of comparison, and was greater twice for
peripheral traps, once for central traps and equal once. Differences
were small and overall averages were almost equal, 7.5 for peri-
pheral traps and 7.2 for central traps.

It is noteworthy that the openings of the pitfall traps
equalled less than 0.1% of the surface area bounded by the rows of
traps.

Pitfall collections in May 1977, after a full year of pitfall
trapping in both sites, did not show a decline in numbers of carabids
collected in relation to 1976 collections. More carabids were
collected during the spring population and activity peak in 1977
than in 1976.

Esau (1968) noted that no carabid species was found with
greater frequency in his outside pair of pitfall traps and concluded
that major faunal elements of communities sampled were not depleted.
Barlow (1970) stated that a trapping artifact may occur in carabid
populations where individuals caught are not released. Individual
numbers would be lower in the next generation unless replaced by
immigration. Immigration of carabids into a site would be reflected

by more carabid captures in peripheral traps.
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Pitfall trapping did not seriously reduce the number of carabids
within the areas bounded by the traps and no appreciable amount of

immigration of carabids into the research sites occurred (Table 11).

3.9 Mites Collected

More than 907 of 4826 mites identified in 1976 (Table 12) were
hypopi, primarily of the family Acaridae (Canadian Acaridae are rela-
tively well known, having been revised as early as 1945 by Nesbitt).
Precise numbers of each species were not determined because of their
size and similar appearance. Approximate percentages of the total
number of hypopi were calculated (from exact numbers of each on ten
carabids) for each species as follows: Sancassania (=Caloglyphue) sp.
65, Kuzinia sp. 20, Schwiebea sp. nr. S. nova Oudemans 5 and Anocetus
(=Histiostoma) sp. 10. The three former are in the Acaridae, the
latter in the Ancetidae.

Sixty-three deutonymphs of Mecilochirus sp. nr. P. carabi
Canestrini and Canestrini (family Parasitidae) were collected.

Eight other mite species were collected infrequently in 1976.

The four species of hypopi collected in 1976 and Poecilochirus
sp. deutonymphs were present on carabids collected in May 1977.

Table 12 1ists mites found on carabids collected in 1976 and simi-
lar information from studies made by Mercer (1970) and Ostaff (1971).

Mercer (1970) and Ostaff (1971) also collected hypopi of
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Sancassania and Schwiebea species. They both collected Acotyledon
hypopi rather than Kuzinia hypopi as in the present study. In the
family Anoetidae, Mercer (1970) collected Spinanoetus hypopi, Ostaff
(1971) collected hypopi of an undetermined genus and in 1976,
Anoetus hypopil were collected.

Mercer (1970) did not record collecting mites other than
hypopi. Ostaff (1971) recorded collecting five mite genera in
which the deutonymph or adult stage was present on the carabids.

Of these genera, only Poectlochirus was found in the present study.

In all three studies, only the genus Parasitus collected by
Ostaff (1971) was present on the carabids in more than one stage
or sex. Deutonymphs and females were collected. Presence of only
one instar cannot in itself indicate anything more than a phoretic

relationship (Lindquist 1975).

3.10 Mites Found Beneath Carabid Elytra

A total of 245 carabids was examined to determine if carabids
normally harboured mites beneath their elytra. The five most
commonly collected carabid species (Table 2) and Secaphinotus bilo-
bus Say were examined and the results summarized in Table 13. Only
1.6%Z of the carabids examined carried mites beneath their elytra.

Four carabids carried a total of six mites beneath their elytra.

Two Sancassania hypopi were found on the underside of an elytron of a
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female Pterostichus adstrictue, one Ceratoppia sp. nr. C. quadri-
dentata Haller adult was found on the body of a male P. coracinus,
one Scheloribates adult was found on the body of a female P.
coracinus and two Antennoseius sp, nr. A. parnonicus Sellnick females
were found on the underside of an elytron of a female P. pensylvan-
icus.

Three hypopi were found on the underside of an elytron of a
female P. coracinue collected in May 1977. None of the other 99
carabids collected in May 1977 and examined for mites harboured
any mites subelytrally. None of the carabids collected in April or
winter of 1977 carried mites under their elytra.

Neither Mercer (1970) nor Ostaff (1971) recorded examining any
carabids subelytrally for mites.

Mites were not commonly harboured beneath the elytra of carabids
collected in the present study. Substantial subelytral mite

populations would indicate a close relationship (Lindquist 1975).

3.11 Mite Density and Frequency of Occurrence on Carabids

Table 13 1lists the density and .frequency of occurrence of
the mites on most of the carabid species collected. The second
group of carabids in the table were not collected in large numbers.

Adults of Seaphinotus bilobus and Sphaeroderus nitidicollis

carried mites most frequently, 95.5 and 79.7% respectively being
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carriers. High average numbers were also carried by both (42.5
and 27.2 respectively). Distribution of mites was more extreme on
adults of S. nitidicollie, with some carrying 200 to 300 mites.

Moderate numbers of Pterostichus adstrictus and P. pensylvanicus
carried mites, 48.9 and 39.0% respectively. Average mite numbers
were low on beetles carrying mites, 3.5 and 4.2 respectively.

Frequency of occurrence of mites on P, coracinus and Agonum
decentig was high, being 74.5% in both instances. Average mite
numbers on beetles carrying mites were-moderate, 9.4 and 6.6
respectively.

For other carabids examined, frequency of occurrence of mites
ranged from 16.6Z for Harpalus fulvilabrig Mannerheim to 100.0%
for Patrobus longicormis Say. Average numbers were low, ranging
from 1.4 for P. longicornis to 4.3 for Synuchus impunctatus Say.

Data on mite density and frequency of occurrence was not
quantified in 1977 but appeared to be similar to 1976 results.

Mercer (1970) noted average number of mites per carabid per
habitat but did not calculate the frequency of occurrence of the
mites on the beetles. Average density ranged from 19.9 to 139.8
for Seaphinotus bilobus, from 18.5 to 88.0 for Sphaeroderus
nitidicollis and from 12.0 to 21.6 for Pterostichus coracinus.

Ostaff (1971) found an average of 1.8 mites per beetle for
P, adstrictus, 1.3 for P. coracinue and 3.4 for Agonum decentis

adults. He did not calculate frequency of occurrence of the mites



on the beetles.

Data from the studies by Mercer (1970) and Ostaff (1971)
generally confirm tendencies in magnitude of average number of
mites per beetle found in the present study (Table 14).

Lindquist (1975) used the term primary associates to describe
hosts of mites on which there are frequently large numbers of mites.
He did not quantify magnitudes necessary to delimit primary
agsoclations.

An analysis of Table 14 suggests that Scaphinotus bilobus,
Sphaeroderus nitidicollis, Pterostichus coracinus and Agonum decentis
are primary associates of the mite species present as hypopi (see
Table 12). Low frequency qf occurrence of mites on beetles, low
average mite numbers on infested beetles or insufficient data
exclude other carabid species in Table 14 from being classified as

primary associates of the mites.

3.12 Average Number of Mites per Beetle in Relation to Time

Average number of mites per beetle in relation to time (Table
15) increases gradually for Agonum decentis and decreases gradually
for Pteroetichus adstrictus adults from 1 June to 7 July.

The species Scaphinotus bilobus and Sphaeroderus nitidicollis
had constantly fluctuating mite numbers per beetle over the entire

collecting period. Adults of Pterostichus pensylvanicus were subject to



less extreme variation in number of mites per beetle.

Adults of P. coracinus had increasing numbers of mites through
June until early July, then gradually decreasing numbers. -

Average number of mites per beetle was generally low in spring
and fall. Peak mite numbers were found on the beetles in early July
and late August in 1976. No mites were found on the carabids
collected in April or in winter (hand collections) of 1977 (eee
Table 4).

Mercer (1970) did not record a pattern for mite numbers on the
carabids in relation to time., Ostaff (1971) found peak mite numbers
on carabids in early July and late August (same result as present
study). Greene (1975), working with cychrine carabids in Washington,
found acarid hypopi appearing on the beetles in late August with
many hundreds of hypopi per beetle becoming common §y October. He
did not record examining any carabids for mites over winter.

Mite numbers were greatest in early July, a month after the
population and activity peak of all of the most commonly collected
carabids except Plerostichus coracinus and again in late August
when few carabids were active. Mites seem to occur on carabids in
Northwestern Ontario in cycles independent of the carabid life
cycles,

Low mite numbers on carabids captured in early spring and late
fall and absence of mites on carabids collected in April and winter

)
of 1977 suggest that mites do not normally overwinter on carabids.
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This is also suggested by Greene's (1975) study. He found large
numbers of acarid hypopi on carabids by October, but virtually
none on the beetles in spring.

Few if any mites were found on teneral Sphaeroderus nitidicollis
or Pterostichue pensylvanicue in fall, suggesting that mites found

in association with the adults were not also associated with pupae.

3.13 Carabid Sex in Relation to Mite Density

Average mite numbers on the most commonly captured carabid
species (Table 2) are listed in relation to time in Table 16.

More mites were found on male P. adstrictus than on females,
but differences in numbers were slight and based on only two sets
of data. Among the other carabid species listed, mite numbers
fluctuated in a seemingly random pattern. Neither sex had consis-
tently higher densities of mites during any part of the time period
surveyed.

Mercer (1970) captured more female than male carabids but did
not sex all of the beetles. He found 3,434 mites on female carabids
and 7,772 mites on male carabids in his study. Ostaff (1971) took
111 mites from 124 male carabids (average:0.9 mites per male carabid)
and 228 mites from 168 female carabids (average:1l.4 mites per female
carabid). It seems that mites generally distribute themselves

randomly on carabids of either sex.
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Krombein (1962) studied acarid hypopi associated with adult
bees and wasps. Hypopi were found to attach themselves to teneral
adult bees and wasps. Some hypopi dropped off during oviposition
to feed on eggs, young or provisions stored for larvae. Mite
numbers on female carabids would decrease following oviposition
if mites were transferred to carabid eggs during oviposition. Table
16 illustrates that few, if any mites are transferred to carabid
eggs during oviposition.

Mites were found associated with adult carabids in Northwestern
Ontario in a discontinuous relationship. It appeared that the mites
were not associated with the carabid eggs or pupae and did not

overwinter on the beetles.

3.14 Host Specificity

None of the mite species present as hypopi nor Poecilochirus
deutonymphs were species-specific (Table 12). Low numbers of mites
of other species collected from carabids in 1976 suggest that those
mite species are not normal associates of carabid beetles.

Regenfuss (1968, 1972) and Sam;inék (1971) found many species
of mites in the families Podapolipidae and Canestriniidae to be
highly host specific, all instars occurring under the elytra of
their carabid hosts. Costa (1969a) and Lindquist (1975) stated that

a high degree of host specificity indicates a close relationship.
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None of the mite species present as hypopi on the carabids or

Poecilochirue deutonymphs were host specific on the carabids,

indicating that their relationship with the carabids is not close.

3.15 Site Specificity

None of the mite species present as hypopi on the carabids or
Poecilochirug deutonymphs were found on specific areas of the
carabids. They were found most commonly on ventral surfaces, but
were also found on all of the external surfaces of the carabids.

Treat (1966, 1968) and Regenfuss (1972) found definite instances
of site selectivity of mites on various insect hosts, while Greene
(1975) recorded that only the elytral discs of the carabids he
studied were substantially free of acarid hypopi.

Site selection specificity of mites on hosts reflects closeness
of association (Lindquist 1975). This suggests that the relationship
between the carabid and mite populations in the present study was

not a close one.

3.16 Phoresy

Phoresy is a form of commensalism common throughout the
Arthropoda but found in other phyla such as Nematoda (Poinar 1964)

and Mollusca (Buttner 1953) also. Lesne (1896) first defined phoresy
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as follows:

We will call phoresy all phenomena of transport in the strict
sense, that 1s, those cases in which the transport host serves its

passengers only as a vehicle.

Farish (1965) proposed a more rigid definition and Farish and

Axtell (1971) modified that definition to read:

Phoresy is a phenomenon in which pne animal actively seeks out
and attaches to the outer surface of another animal for a limited
time during which the attached animal (termed the phoretic) ceases
both feeding and ontogenesis, such attachment presumably resulting
in dispersal from areas unsuited for further development, either of

the individual or its progeny.

Linnaeus (1785) first mentioned phoretic attachment of Acari
on insect hosts. M@gnin (1874) determined the true status of the
hypopus, which was previously considered to be a separate genus.

There are four main types of phoresy in the Acarina. First
the unspecialized type as in Macrochelidae, in which adult females
are the only phoretics and attachment is by chelicera. Second in
Parasitidae in which deutonymphs are phoretic and attachment is with
claws., Thirdly, in Uropodidae deutonymphs are phoretic by means of
an anal pedicel. Fourth, there are specialized deutonymphs, exemp-~
lified in the Acaridae, which have sucker-like discs and are
resistant to dessication (Farish and Axtell 1971).

Soper and Olson (1963) found only phoretic mites on the carabids
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they studied. Chmielewski and Lipa (1967) stated that there are no

typical parasites in the Acaridae associated with insects.

3.17 Hypopi

Heteromorphic deutonymphs (hypopi) occur in the life cycles of
many mites of the suborder Astigmata. Appearance of this deutonymph
is facultative as is apolysis to the tritonymph. Both processes are
regulated by environmental factors. Adverse conditions can slow
protonymphal development and deutonymphs form rather than the
tritonymphs which would otherwise have formed.Hypopi are heavily
sclerotized, lack functional mouthparts and bear adhesive organs
such as suckers. They can survive long periods on stored energy and
are as a rule more active than other stages. Occurrence of hypopi
in a life cycle provides an efficient means of dispersal. Apolyse
of hypopi to the tritonymphal stage requires a micro-environment
with an adequate food supply and humidity. Such an environment tends
to attract insects which carry hypopi (Cutcher and Woodring 1969).

In 1976, 98.47 of 4,827 mites collected on the carabids were
hypopi. As hypopi, they lacked functional mouthparts, indicating

that they were being transported and not feeding.

3.18 Relationship of Mites and Carabids



Hypopl collected from carabids in 1976 were physically incapable
of feeding because of their lack of functional mouthparts. They would
appear to be phoretic on the carabids, using them as a dispersal
mechanism to reach environments more suitable to further develop-
ment. Hypopi were found in greatest numbers on the carabids in
mid-summer when the leaf litter could normally be expected to be
driest and least favourable to mite development as regards moisture.

Deutonymphs of Poecilochirus spp. were probably also phoretic
on the carabids, being normally considered to be free-living preda-
ceous mites (Krantz 1975).

Other mite species found on the carabids were not normal
associates of the carabids, being found infrequently and in low
numbers on them. Their relationship with the carabids was not
determined.

Hypopi of the genera Anoetus, Acotyledon and Schwiebea were
found frequently associated with ants near Thunder Bay, Ontario, 1969,
1970 (March 1978 personal communication with W, M. Graham, Lakehead
University). Some Sancassania hypopi were also present on the ants.
The frequent association of these mites with two different orders
of Insects further suggests that the mites are phoretic associates

of the carabids.

34



4.0 CONCLUSIONS

Carabid populations in the research sites were not seriously
depleted after a year of continuous pitfall trapping. Createst
numbers and variety of carabids in Northwestern Ontario can gener-
ally be collected at the beginning of June (Table 6).

Carabids in Northwestern Ontario were found to follow one or
another of three basic annual population curves (curves reflect
activity and population levels). Carabids in general may follow
these basic population and activity patterns.

The carabid species Scaphinotus bilobus, Sphaeroderus nitidi-
collis, Pterostichus coracinus and Agonum decentis were found to
be primary associates (Lindquist 1975) of the mite genera (present
as hypopi) Acotyledon, Sancaseania, Kuzinia and Schwiebea in
Northwestern Ontario. These mites and Poecilochirus deutonymphs
were common assoclates of carabids in the present study. Other mite
species were found infrequently on the carabids.

Few mites were found under the elytra of the carabids. The mites
did not appear to be selective for either sex, particular species
or particular regions of the carabids. They also did not appear to
be associated with eggs or pupae of the carabids or to overwinter
on hibernating adult carabids. Hypopi and Pecilochirus deutonvmphs
were most likely phoretic on the carabids, being transported to

micro-environments more suitable to further development. Only one



stage or sex of each mite genus present was found on‘carabids
examined, further suggesting that carabids function as a dispersal

mechanism for the mites.

36



37

REFERENCES CITED

Baker, E. W. and G, W. Wharton. 1952. An introduction to acarology.
MacMillan Co., New York: 465 pp.

Baker, E. W., J. H. Camin, F. Cunliffe, T. A. Wooley and C.E. Yunker.

~1958. Guide to the families of mites. Inst. Acarology Control,
No. 3: 242 pp.

Ball, G. E. 1960. Carabidae. In Arnett, R. H. 1968. The beetles of
the United States (A manual for identification). pp. 55-181.
The Catholic University of America Press, Washington.

Barber, H, 1931, Traps for cave-inhabiting insects. J. Elisha
Mitchell Sci. Soc. 46: 259-266.

Barlow, C. A. 1970. Phenology and distribution of some Pterostichus
(Coleoptera: Carabidae) of eastern Canada. J. N. Y. Entomol. Soc.
78(4): 215-236.

Benson, E. L. 1972, Observations on the phenologies and sex ratios
of some carabid beetles in Thunder Bay district. Lakehead
University, Thunder Bay (HBSc thesis). 65 pp.

Berlese, A. 1903. Illustrazionme iconografica delgi acari mirmecofili.
Redia 1(2): 299-474.

Briggs, J. B, 1961. A comparison of pitfall trapping and soil
sampling in assessing populations of two species of ground
beetles (Coleoptera: Carabidae). Rep. E. Mall. Res. Sta.



38

Buttner, A. 1953. Un curieux cas de phorésie: transport de 21
Ancylue fluviatilie Mueller par un dytique (Dytiscus margin
ellus) et possiblité: de diffusion des cercaires parasites
de ces mollusques pulmonés. Ann. Parasitol. Hum. Comp. 28.
452-453,

Chmielewski, W. and J. Lipa. 1967. Biological and ecological studies
of Caloglyphue sp. (Acarina: Acaridae). Acta Parasitol. Pol.
14(18): 79-90.

Cooreman, J. 1961. Quelques aspects des relations qui existent entre
les acariens et les insectes. Bull., Ann, Ent. Soc. Belgique
97(1-2): 19-32.

Costa, M. 1963. The mesostigmatid mites associated with Copris
hispanus (L.) (Coleoptera:Scarabidae) in Israel. J. Linn. Soc.
Lond. Zool. 45(303): 25-45.

Costa, M. 1966. Notes on macrochelids associated with manure and
coprid beetles in Israel. I. Macrocheles robustulus (Berlese
1904), development and biology. Acaralogia 8(4): 532-548,

Costa, M. 1969a. Antennoseius bytinski Costa with notes on the genus
Antennoseius Berlese (Acari: Mesostigmata) in Israel. Israel J.
Entomol. 4: 217-226.

Costa, M. 1969b. The association between mesostigmatid mites and
coprid beetles. Acaralogia 11: 411-428,

Costa, M. 1971. Mites of the genus Hypoaspis Canestrini, 1884, 8. str.

and related forms (Acari: Mesostigmata) associated with beetles.



39

Bull, Br. Mus. (Nat. Hist.) Zool. 21: 69-98,

‘Cutcher, J. J. and J. P. Woodring. 1969. Environmental regulation of
hypopial apolysis of the mite Caloglyphus boharti. J. Insect
Physiol. 15: 2045-2057.

Esau, K. L. 1968. Carabidae (Coleoptera) and other arthropods
collected in Iowa cornfields, fencerows and prairies. Iowa
State University of Science and Technology, Ames (PhD thesis).
209 pp.

Evans, G. 0., J. G. Sheals and D. MacFarlane. 1961. The terrestrial
acarl of the British Isles. I. Introduction and biology. Br.
Mus. Nat. Hist. Publ., London. 219 pp.

Evans, G. O. and K. H, Hyatt. 1963, Mites of the genus Macrocheles
Latr. (Mesostigmata) associated with coprid beetles in the
collections of the British Museum (Natural History). Bull. Br.
Mus. (Nat. Hist.) Zool. 9(9): 327-401.

Fain, A. 1970. Taxonomy of the hypoidal nymphs (Acarina: Sarcopti-
formes). J. Parasitol. 56(4): Sect. IT: 95 (Summary of contri-
bution No. 170 to 2nd International Congress of Parasitology).

Farish, D. J. 1965. Some aspects of the sensory and phoretic beha-
viour of Macrocheles muscaedomesticae (Scopoli 1772) with a
consideration of phoresy as a phenomenon. North Carolina State
University (MSc thesis), 151 pp.

Farish, D. J. and R. C. Axtell, 1971, Phoresy redefined and examined

in Macrocheles muscaedomesticae (Acarina: Macrochelidae)



Acaralogia 13: 16-29.

Frank, J. H, 1971. Carabidae (Coleoptera) of an arable field in
central Alberta. Ouaest. Entomol. 7: 237-252,

Freitag, R., G. W, Ozburn and R. E, Leech. 1969, The effects of
Sumithion and Phosphamidon on populations of five carabid
beetles and the spider Trochosa terricola in Northwestern
Ontario and including a list of collected species of carabid
beetles and spiders. Can. Entomol. 101(12): 1328-1333.

Freitag, R. and F, Poulter. 1970. The effects of Sumithion and
Phosphamidon on populations of five carabid beetles and two
spiders in Northwestern Ontario. Can. Entomol. 102: 10307-
10311.

Freitag, R., L. Hastings, W. R. Mercer and A. Smith. 1973. Ground
beetle populations near a kraft mill. Can. Entomol. 105:
299-310.

Freitag, R. and L. Hastings. 1973. Kraft mill fallout and ground
beetle populations. Atmos. Environ. 7: 587-588.

Freitag, R. and J. P. Ryder. 1973. An annotated list of a?thropods
collected from ring-billed gulls nests on Granite Island, Black
Bay, Lake Superior, 1972 and 1973. Entomol. Soc. Ont. 104: 38-46.

Freitag, R., J. P. Ryder and P. Wanson. 1974, Mite (Acarina) popu-
lations in ring-billed gulls nests, Can. Entomol. 106: 319-327.

Goulet, H. 1974. Biology and relationships of Pterostichus adstrictus

Eschscholtz and Pterostichus pensylvanicus Leconte (Coleoptera:

40



Carabidae). Quaest. Entomol. 10(1): 3-33.
Greene, A. 1975. Biology of the five spp. of Cychrini (Coleoptera:
Carabidae) in the steppe region of Southeastern Washington.

Melanderia 19: 1-43.

Greenslade, P. J. M. 1961. Studies in the ecology of Carabidae
(Coleoptera). University of London (PhD thesis), London.
Greenslade, P. J. M. 1964, Pitfall trapping as a method of studying
populations of Carabidae (Coleoptera). J. Anim. Ecol. 33(2):
301-310.

Grum, L. 1959. Seasonal changes in the activity of Carabidae. Ekol.
Polska, Seria A 7: 255-268.

Holliday, N. J. and E. A, C. Hagley. 1978. Occurrence and activity
of ground beetles (Coleoptera: Carabidae) in a pest manage-
ment apple orchard. Can. Entomol. 110(2): 113-119.

Hughes, T. E, 1959, Mites or the Acari. University of London, Athlone
Press, London. 255 pp.

Hunter, P. E. and R. Davis. 1963. Observations on Histiostoma gordius
and other mites associated with Ips beetles. Proc. Entomol.

Soc. Wash, 65: 287-293,

Hunter, P. E. and R. Davis. 1965. Mites associated with the passalus
beetle, III. Life stages and observations on the biology of
Fuzercon latus (Banks) (Acarina: Euzerconidae). Acaralogia
7(1): 30-42.

Hunter, P, E, and J. C. Moser. 1968. Pseudoparasitus thatcheri n. sp.

41



42

(Acarina: Dermanyssidae, Laelapinae) associated with southern
pine beetles. Florida Entomol. 51(2): 119-123.

Hunter, P. E. and S. M. Yeh. 1969. Hypoaspis (Gaelaelaps) disjuncta
n. gp. (Acarina: Laelaepidae) associated with the hormned
passalus beetles. Ga. Entomol. Soc. J. 4(3): 97-102,

Hurlbutt, H. 1967. Digamasellid mites associated with bark beetles
in North America. Acaralogia 9(3): 497-534.

Hyatt, K. H. 1959. Mesostigmatid mites associated with Geotrupes
etercorarius (L.) (Coleoptera: Scarabidae). Entomol. Mon. Mag.
95: 22-.23.

Hyatt, K. H., 1964. A collection of Mesostigmata (Acari) associated
with Coleoptera and Hemiptera in Venezuela. Bull, Br, Mus.
(Nat. Hist.,) Zool. 11(7): 467-509,

Kinn, D. N, 1971. The life cycle and behaviour of Cercoleipus
coelonotue (Acarina: Mesostigmata), including a survey of
phoretic mite associates of California Scolytidae. University
of California Publ., Entomol. 65: 1-62.

Krantz, G, W. 1965. A new species of Macrocheles (Acarina:
Macrochelidae) associated with bark beetles of the genera Ipe
and Dendroctonus. J. Kans. Entomol. Soc. 38: 145-153.

Krantz, G. W. and J. L. Mellot, 1968. Two new species of Macrocheles
(Acarina: Macrochelidae) with notes on their host-specific
relationships with geotrupine beetles (Scarabidae: Geotrupinae).

J. Kans. Entomol. Soc. 41(1): 48-56.



43

Krantz, G. W. 1975. A manual of acarology. 0.S.U. Bookstores Inc.
Corvallis, Oregon. 335 pp.

Krehan, I. 1970. Annual periodicity, control in hibernating species
of Pterostichus. Oecologia 6: 58-105. (English summary)

Krombein, K. 1962. Biological notes on acarid mites associated with
solitary wood-nesting wasps and bees. (Acarina: Acaridae). Proc.
Entomol. Soc. Wash. 64(1): 11-19.

Larochelle, A. 1972a. Collecting hibernating ground beetles in
stumps (Coleoptera: Carabidae). Coleopt. Bull. 26(1): 30.

Larochelle, A. 1972b, Collecting hibernating Carabidae under snow.
Proc. Entomol. Soc. Wash. 74(4): 473.

Larochelle, A. 1973. Collecting hibernating ground beetles under
snow. Entomol. News 84:82,

Larochelle, A. 1974. Winter habits of carabid beetles (Coleoptera:
Carabidae). Great Lakes Entomol. 7(4): 143-145,

Larochelle, A. 1975. La chasse aux Carabidae en hiver. Cordulia 1
(4): 117-118.

Lesne, P. 1896. Moeurs du Limosina sacra Meing. Phénoménes de tran-
sport mutuel chez les animaux articulés. Origine du parasitisme
chez les insectes dipteéres. Bull. Soc. Entomol. Fr. 1896: 162-165.

Lindquist, E, E. 1967. Mites and the regulation of bark beetle
populations. Proc. 2nd International Congress of Acarology
(Sutton Bonington, England) (1967). Akad. Kiado, Budapest.



44

Lindquist, E. E. 1969a. Review of holarctic tarsonemid mites
(Acarina: Prostigmata) parasitizing eggs of ipine bark beetles.
Mem. Entomol. Soc. Can. No. 60, 111 pp.

Lindquist, E. E. 1969b. New species of Tarsonemus (Acarina: Tarsonemi-
dae) associated with bark beetles. Can. Entomol. 101: 1291-1314.

Lindquist, E. E. 1970. Relationships between mites and insects in
forest habitats. Can. Entomol. 102: 978-984.

Lindquist, FE, E, 1975, Associations between mites and other arth-
ropods in forest floor habitats. Can. Entomol. 107: 425-437,

Lindroth, C. H. 1955. The carabid beetles of Newfoundland. Opusc.
Entomol. Suppl. 12: 1-160,

Lindroth, C. H. 1961-69. The ground beetles of Canada and Alaska.
Opusc. Entomol. Suppl. Lund, Sweden. 1192 pp.

Linnaeus, C. v. 1758. Systema naturae. 10th. ed. (photographic fac-
simile, 1956). Jarrad and Sons Ltd., London. I. 823 pp.

MacNulty, B. J. 1971, Presidential address. An introduction to the
study of Acari-insect associations. Proc. Br. Entomol. Nat.
Hist. Soc. 4: 45-70.

Mégnin, P. 1874. Mémoire sur les Hypopus (Dugés), Acariens parasites
encore nommés Homopus, Koch et Trichodactylus, L. Dufour;
détermination de leur position zoologique et de leur rdle
physiologique. J. Anat. Physiol., Paris 10: 225-254,

Mercer, W. R. 1970. Ecological studies of five species of carabid

beetles and the mites associated with them in Northwestern



Ontario. Lakehead University, Thunder Bay (HBSc thesis). 38 pp.
Mitchell, B. 1963. Ecology of two carabid beetles, Bembidion lampros
(Herbst) and Trechus quadristriatus (Schrank). II. Studies on
populations of adults in the field, with special reference to
the technique of pitfall trapping. J. Anim. Ecol. 32: 377-392.
Mollin, K, and P, E, Hunter. 1964. Mites associated with the passulus
beetle, II. Biological studies of Cosmolaelape passali Hunter
and Mollin (Acarina: Laelaptidae). Acaralogia 6(3): 421-431.
Moser, J. C. and L. M, Roton. 1971, Mites associated with southern pine
bark beetles in Allen Parish,Louisiana. Can. Entomol. 103: 1775-98.
Moser, J. C. 1975, Mite predators of the southern pine beetle. Ann.
Entomol. Soc. Am. 69(6): 1113-1116.
Moser, J. C. 1976a. Phoretic carrying capacity of flying southern pine
beetles (Coleoptera: Scolytidae). Can. Entomol. 108(6): 807-808.
Moser, J. C. 1976b. Surveying mites (Acarina) phoretic on the southern
pine beetle (Coleoptera: Scolytidae) with sticky traps. Can.
Entomol. 108(8): 809-813.
Nesbitt, H. H. J. 1945. A revision of the family Acaridae (Tyrogly-
phidae), Order Acari based on comparative morphological studies.
Can. J. Res. 23D(6): 139-188.
Neumann, K. W. 1943, Die lebensgeschichte der kafermilbe Poecilo-
chirue necrophori Vitz. nebst beschreibung aller entwicklungs-—
stufen. Zool. Anz. 142(1-2): 1-21.

Nickel, P. A. and P. J. Elzinga. 1969. Carboacarus karenae, a new

45



46

mite from carabid beetles with notes on its biology (Acari:
Pyemotidae). J. Kans. Entomol. Soc. 42: 222-229,

Olynyk, J. and R. Freitag. 1977. Collections of spiders beneath
snow. Can. Field Nat. 91(4): 401-402.

Ostaff, D. P, 1971, Some ecological notes and population dynamics
of carabid beetles of Thunder Bay and the mite populations
associated with them. Lakehead University (HBSc thesis). 47 pp.

Ostaff, D. P. and R, Freitag. 1973. Phenology of carabid beetles
of Thunder Bay and their associated mite populations. Entomol.
Soc. Ont. 104: 34-37.

Poinar, G. 0. 1964, An association between Felodera (Coarctardera)
acarambates Poinar (Rhabditina: Nematoda) and macrochelid
mites (Mesostigmata: Acari). Nematologica 10: 507-511.

Randolph, J. C., P. A. Randolph and C. A. Barlow. 1976. Variations
in energy content of some carabid beetles in eastern Canada.
Can. J. Zool. 54(1): 10-18.

Rapp, A. 1959. Zur biologie und ethologie der kafermilbe Rarasitus
coleoptratorum L. 1758. (ein beitrag zum phoresie problem).
Zool. Jb, Syst. 86(4-5): 303-366.

Regenfuss, H. 1968. Untersuchungen zur morphologie systematik und
okologie der Podapolipidae (Acarina: Tarsonamini). Z. Wiss.
Zool. 177: 183-282.

Regenfuss, H. 1972, Uber die einnischung synhospitaler parasiten—

arten auf dem wirtskorper. Untersuchungen an ektoparasitischen



milben (Podapolipidae) auf laufkafern (Carabidae). Z. Zool.
Evolutionsforsch. 10: 44-65.

Rivard, I. 1964a. Carabid beetles (Coleoptera: Carabidae) from
agricultural lands near Belleville, Ont. Can. Entomol. 96:
517-520.

Rivard, I. 1964b. Observations on the breeding periods of some
ground beetles (Coleoptera: Carabidae) in Eastern Canada.

Can. J. Zool. 42: 1081-1084.

Rivard, I. 1965. Dispersal of ground beetles (Coleoptera: Carabidae)
on soil surface. Can. J. Zool. 43: 465-473.

Ryder, J. P, and R. Freitag. 1974. Densities of arthropod popula-
tions in nests of ring-billed gulls, Can. Entomol. 106: 913-916.

Ryke, P. A. J. and M, K. P, Meyer. 1957. Eviphidiinae Berlese 1913
(Mesostigmata: Acarina) associated with South African beetles.
Ann. Mag. Nat. Hist. ser. 12, 10: 593-618.

‘Ryke, P. A, J. and M. K. P, Meyer. 1958. Some parasitoid mites
(Mesostigmata: Acarina) associated with coleoptera in the
Western Transvaal. J. Entomol. Soc. South Afr. 21(1): 139-161.

Samgindk, K., 1957, Die mitteleuropdischen arten der familie
Diplogyniidae (Acari). Cas. Cesk. Spolecnosti Fntomol. 54(1):
1-6.

Sam;inék, K. 1960. Uber einige forstwirschaftlich wichtige gilben
der gattung Proctolaelaps Berlese 1923. Cslka. Parasitol. 7:

297-307.

47



Samsindk, K. 1962. Neue entomophile Acari aus China. Cas. Cesk.
Spolecnosti Entomol. 59(2): 186-204.

Sam¥inak, K. 1971, Die auf Carabus Arten (Coleoptera: Adephaga)
der palaearktischen region lebenden millen der unterordnung
Acariformes (Acari); ihre taxonomie und bedeutung fur die
Losung zoogeographischer, entwicklungsbeschichtlicher und
parasitophyletischer fragen. Entomol. Abh. 38: 145-234,

Sellnick, M. 1939, Milben als parasiten von insekten. 7th Int.
Congr. Entomol., Berlin 1938, 2: 1300-1307.

Skaife, S. H. 1952. The yellow-banded carpenter bee, Mesotrichia
caffra Linn, and its symbiontic mite Dinogamus braunsi Vitz.
J. Entomol. Soc. South Afr. 15(1): 63-76.

Smith, I. M. and D. R. Oliver. 1976. The parasitic associations of
larval water mites with imaginal aquatic insects, especially
Chiromidae. Can. Entomol. 108(12): 1427-1442,

Soper, Jr. R. S. and R. E. Olson. 1963. Survey of biota assoclated
with Monochamus (Coleoptera: Cerambycidae) in Maine. Can.
Entomol. 95: 83-95.

Southwood, T. R. E. 1966. Ecological methods with particular refer-
ence to the study of insect populations. Methuen, London,
England. 391 pp.

Springett, B, P. 1968, Aspects of the relationship between burying
beetles Recrophorus spp. and the mite Poecilochirue necrophori

48



49

Stammer, H. J. 1949. Die bedeutung der athylenglycolfallen fur
tierokologische und phénologische untersuchungen. Zoologen
Kiel (1948): 387-391.

Thiele, H. U. 1964. Experimentalle untersuchungen uber die ursachen,
der biotopbindung bei Carabiden. Z. Morhol. Oekol, Tiere. 53:
387-452,

Thiele, H. U, 1969. The control of larval hibernation and of adult
aestivation in the carabid beetles Mbria brevicollis F. and
Fatrobus atrorufus Stroem. Oecolgia 2: 347-361.

Thiele, H. U. 1973. Remarks about Mansingh's and Muller's
classification of dormancies in insects. Can. Entomol. 105:
925-928,

Trﬁggrdh, I. 1943, Die milben und ihre dkologischen beziehungen zu
den insekten. Arb. Physiol. Entomol. Berlin 10(2-3): 124-136.

Traggrdh, I. 1946. Diarthropallina, a new group of mesostigmata
found on passalid beetles. Entomol. Medd. 24: 369-394.

Treat, A. E, 1966. A new Blattisocius (Acarina: Mesostigmata) from
noctuid moths. J. New York Entomol. Soc. 74: 143-159.

Treat, A. E. 1968, Behavioural aspects of the associations of mites
with noctuid moths. Proc. 2nd Int. Congr. Acarology (Sutton
Bonington, England) (1967). Akad. Kiado, Budapest. 275-286.

Tretzel, E. 1955, Technik und bedeutung des fallenfages fyr
okologische untersuchungen. Zool. Anz. 155: 276-287.

Turk, F. A. 1948. Insecticolous Acari from Trinidad, B.W.I. Proc.



Zool. Soc. Lond. 118: 82-125,

Vitzthum, H. 1926. Acari als commensalen von Ipiden (der Acarolo-
gischen beobachtungen II. Reihe.). Zool. Jb. Syst. 52: 407-503.

Vitzthum, H. 1930. Die Bombus parasitiden. Zool. Jb. Syst. 60: 1-45,

Vitzthum, H. 1940-43. Acarina. Klassen und ordungen des Tierreiches.
Ed. M. G. Bronn, Leipzig. 5(4, Buch 5). 1011 pp.

Walsh, G. B, 1933. Studies in the British necrophagous Coleoptera
I1. The attractive powers of various natural baits. Entomol.
Mon. Mag. 69: 28-32,

Williams, C. B. 1940. An analysis of four years' captures of insects
in a light trap. II. The effect of weather conditions on insect
activity; and the estimation and forecasting of changes in the
insect population. Trans. R. Entomol. Soc. Lond. 90: 227-306.

Womersley, H. 1958. On some Acarina from Australia and New Zealand
paraphagic upon millipedes and cockroaches and on beetles of
the family Passalidae. Trans. R. Soc. S. Aust, 81: 13-29.

Womersley, H. 1959. Some Acarina from Australia and New Zealand
paraphagic upon millipedes and cockroaches and on beetles of
the family Passalidae. Trans. R. Soc. S. Aust. 82: 11-54,

Womersley, H. 1960. Soqe Acarina from Australia and New Zealand
paraphagic upon millipedes and cockroaches and on bheetles of

the family Passalidae. Trans. R. Soc. S. Aust. 83: 21-24,

50



Table 1: List of common plants in forest sites near Thunder Bay,
Ontario in which pitfall traps were set for collecting
carabids

Site A
Trees- Ficea glauca Moench
Picea mariana Miller
Abies balsamea Linnaeus
Pinus banksiana Lambert
Populus tremuloides Michaux
Shrubs-Salix discolor Muhlenberg
Alnus erispa Pursh
Rubug strigosus Michaux
Rosa acicularis Lindley
Other-Fquisetum sylvaticum Linnaeus
Dryopteris spinulosa Miller
Clintonia borealis Aiton
Streptopus roseus Michaux
Actaea rubra Aiton’
Fragaria virginiana Duchesne
Lathyrus ochroleucus Hooker
Epilobium angustifoliwm Linnaeus
Aralia nudicaulis Linnaeus
Cornug canadensis Linne
Cornus rugosa Lamarck
Hrola asarifola Michaux
Ledum groenlandicum Linnaeus
Mertensia paniculata Aiton
Galium triflorum Michaux
Linnaea borealis Linnaeus

Aster macrophyllus Linnaeus



Table 1 continued

Site B
Trees- Abies balsamea Linnaeus
FPicea glauca Moench
Picea mariana Miller
Ppulue tremuloides Michaux
Betula papyrifera Marshall
Shrubs-Salix discolor Muhlenberg
Alnus crispa Pursh
Rubus strigosus Michaux
Rosa acicularis Lindley
Other-Lycopodium clavatum Linnaeus
Lycopodium obscurum Linnaeus
Osmunda Claytoniana Linnaeus
Clintonia borealis Aiton
Maianthemum canadense Desfontaines
Lathyrue ochroleucus Hooker
Aralia nudicaulis Linnaeus
Cornus canadensis Linne
Byrola asarifola Michaux
Ledum groenlandicum Linnaeus
Vaceinium myrtillo{des Michaux
Galium triflorum Michaux
Diervilla lonicera Miller
Lonicera canadensis Marshall
Aster macrophyllus Linnaeus
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Table 3: Record of carabid collections per tri-weekly period frem pit-
fall traps in two sites near Thunder Bay, Ontario (1976)

Three week
period ending

Site A B A'B A B A B A B A B A B

June 15 July 6 July 27 Aug. 17 Sept. 7 Sept.28 Oct. 19

w

Sphaeroderus g 10 6 2 1 1 2 10 38 16 11 8 0. 0
nitidicollis ¢ 39 7 9 1 1 3 3 17 15 9 16 3

both 49 13 11 2 2 5 13 6 55 31 20 24

0o o0 o o0 o o o0 o
o o o O O O O o 2 O

Rerogtichus o 6 32
adstrictus ¢ 19 23

W =
N O
o
o

both25 5 6 2 0O O O O O O O O 2 O

N

Rerostichue o 40 29 1
pensylvanicus® 52 44 13 3

16

0o 3 1 8 0 17
1 27

2 0 10 O 28~

)
~

both 92 73 14 5 3 1 5 1 18 0 45 6 43 12

Pterostichus o 37 3 28
eoracinus ? 30 2 18

~N un
[
|
(o]
-
w
(=}
[y
N
|
(O3]
o o
o
o

5 2 1 0 10 O 1

both 67 5 4612 16 2 24 0 26 1 4 0 1 O

Agonum g 26
decentis ? 36

W S
o
X
o
o
o
o
o
o
(-
oo
or
o

both 62 9 17 2 'O o o o o o0 1 O 1 O

Total Numbers ¢ 119 74 38 8 13 2 26 4 62 17 32 10 17
Total Numbers ¢ 176 81 5615 8 6 16 3 37 15 38 20 33 9

Total Numbers

of Both Sexes 295 155 94 23 21 8 42 7 99 32 70 30 50 14

other carabids.¢ 4 0 12 6 4 4 8
collected £ 4 8 1525 14 12 14

v &
N~
[V, VL)

both 8 8 2731 18 16 22 9 9 8 5 2 3 O
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Table 4: List of miscellaneous collections of carabids from two
sites near Thunder Bay, Ontario in 1976 and 1977

19 May to 26 Oct. to 6 April to
26 May (1976) 9 Nov. (1976) 26 April (1977)

Sphaeroderus

nitidieollis 27
FRerostichus

adstrictus 24 4
Eerostichus

pensylvanicus 57 11
Rerostichus

coracinusg 3 1
Agonum

retractum 1
Agonum

decentis 15
Amara

laevipennis Kirby 1
Harpalus

fulvilabris 1

TOTAL 129 1 15

Winter 1977 Hand Collections
19 November - 3 Sphaeroderus nitidicollis
1 Calosoma frigidum
2 Pterostichus pensylvanicus
1 Agonum decentis
3 December - 1 S. nitidicollis
23 December - 1 S, nitidicollis
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Table 5: List of carabids collected weekly during May, 1977 from
pitfall traps in two sites near Thunder Bay, Ontario

BEETLE SPECIES MOST May 4 May 11 May 18 May 25

COMMONLY COLLECTED A B A B A B A B Total

Sphaeroderus nitidicollis 4 31 2 2 1 4 0 0 23
17 10 9 5 28 15 1 1 86

Both 20 11 11 7 39 19 1 1 109

w

Rerostichus adstrictus J 13 4 5 17 12 o0 O 54
? 19 7 8 5 21 14 1 0 75

Both 32 11 13 8 38 26 1 0 129

94
127

Pterostichus pensylvanicus ¢ 23 8 11

32 14 0O
? 29 14 14 2

37 22

~Nwn
N =

Both 52 22 25 12 69 36 2 3 221

14 6 1
10 3 0

32
16

Rerostichus coracinus d
?

N &~
oNn
oN
=N
(=

Both 6 2 2 3 24 9 1 1 48

Agonum decentis

0 Q
N W

3 4 3 9 4 0 O 32
2 2 13 37

~
[
=

Both 16 5 8 5 22 1 1 1 69

OTHER BEETLE SPECIES
COLLECTED

Seaphinotus bilobus
Ratrobus longicormis
Calathus ingratus
Agonum retractum
Amara laevipennis

H O = O = o
o O ©o = o o
N H OO O
©O O o ©o = o
H B W NN O
H O H N O O
O 0 O o o N
O O O o o ©
(& I CR. SR - SR N O

Harpalus fulvilabris

TOTAL 129 52 64 36 203 105 8 6 603
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Table 10: Numbers of male and female carabids of five species

commonly collected from pitfall traps in Northwestern

Ontario

Sex
Species Time Period and Collector d )
Sphaeroderus season - Mercer 1969 - 18 7
nitidicollis season ~ Benson 1971 21 13
26 May - 14 July,O0lynyk 1976 27 79
4 August - 6 October, Olynyk 1976 86 68
season - Olynyk 1976 115 148
May - Olynyk 1977 23 86
Pterostichus season - Ostaff 1970 3 3
adstrictus season - Benson 1971 294 501
season - Olynyk 1976 53 61
May - Olynyk 1977 56 75
Pterostichue season - Ostaff 1970 6 13
pensylvanicus season - Benson 1971 113 204
26 May ~ 7 July, Olynyk 197¢€ 102 139
1 September - 20 October, Olynyk 1976 47 75
season - Olynyk 1976 155 220
May - Olynyk 1977 94 127
Pterostichus season - Mercer 1969 32 28
eoracinus season - Benson 1971 143 46
season - Olynyk 1976 118 89
May - Olynyk 1977 32 16
Agonum season - Ostaff 1970 2 7
decentis season - Benson 1971 250 549
season - Olynyk 1976 47 60
May - Olynyk 1977 32 37



Table 11: List of carabids collected weekly in May, 1977 in two
sites from central and peripheral pitfall traps

DATE BEETLES COLLECTED (NO.) NO. OF BEETLES/10 TRAPS
Central Peripheral Central Peripheral
3 May 74 107 8.8 9.2
10 May 47 53 5.6 4.6
17 May 122 186 14.5 16.0
24 May 6 8 0.7 0.7
TOTAL 243 346 7.5 7.2

Peripheral Traps: Numbers 1-27, 49-52, 74-100

58 traps per site; total 116 traps

Central Traps: Numbers 28-48, 53-73

42 traps per site; total 84 traps
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Table 14: Density and frequency of occurrence of mites on carabid
beetles collected from pitfall traps in two sites near
Thunder Bay, Ontario (1976)

(2] wn (=]
(51 5] &
= wd &
= = B 03
£ & 0 S i
B HE o
= ME HA . Z
a H SE  oH
B BE O RE BEH BENM
BEETLE SPECIES MOST o w ©4a O ] 2]
& moE e i E
CTE oa o on B BoH
COMMONLY COLLE D == San 2H & ZER
Seaphinotus bilobus 893 22 21 95.5 42.5

Sphaeroderus nitidicollis 2553 118 94 79.7 27.2
Rerostichus adstrictus 78 45 22 48,9 3.5
Pterostichus pensylvanicus 258 159 62 39.0 4.2
Flerostichus coracinus 718 102 76 74.5 9.4

Agonum decentis 230 47 35 74.5 6.6

OTHER BEETLE SPECIES

COLLECTED

Ratrobus longicornis 7 3 3 100.0 1.4
Calathus ingratus 23 18 7 38.9 3.3
Synuchus impunctatus 30 9 7 77.8 4.3
Agonum retractum 34 25 15 60.0 2.3

Harpalus fulvilabris 2 6 1 16.7 2.0



Table 15: Weekly mite density on six species of carabids collected
from pitfall traps in two sites in 1976 near Thunder Bay

Ontario
0w
3 8
W @ 0 W
s £33 3 £fF 2.
B ¥ O o B S5 5 o «
Q @ SN D Q AN S 8 o
5 8 Q Y D D3 D
o E Y o w o > o O § I
2% 8% §5 £§% BP o:%
§ S S B QT LS ¥ O S 9
S = & R L8 R £ © é? 3
June 1 37.8 2.0 2, 3.0 2.7
8 4,2 1.4 2 6.2 2.9
15 4.0 1.0 1.7 4,7
22 25.0 0.7 0.5 16.6 17.0
29 51.0 31.5 12.3 2.0
July 6 29.0 35.0 1.0 8.4 12,3 17.0
13 99,0 49.0 5.0
20 73.0 3.0 10.0
27 4.0 16.0 8.0
August 3 13.5 30.0 0.5 6.3
10 16.7  85.0 6.2
17 117.0 29.5 5.0 3.0
24 84.0 23.4 0.0 2.0
31 3.0 25.1 0.5 0.5
September 7 12.5 10.9 0.0 0.0
14 10.7 6.4 0.3 0.0 0.0
21 10.3 0.0 0.0
28 0.1
October 5 0.0 _0.0 0.1
12 0.3

19 0.5



Table 16: Weekly changes in density of mites on male and female carabids
of five species collected from pitfall traps in two sites near

Thunder Bay, Ontario (1976). No. of Mites/Beetle

Beetle Species Date d ¢
Sphaeroderus 1 June 8.0 (32/4) 46.3 (648/14)
nitidicollis 8 June 2.0 (6/3) 4.9 (44/9)
10 August 62.0 (62/1) 92.7 (278/ 3)
24 August 29.6 (237/8) 17.1 (137/8)
31 August 74.3 (223/3) 4,0 (28/7)
7 September 8.2 (106/13) 20.0 (80/4)
14 September 10.0 (70/7) 2.7 (1947)
21 September 1.7 (5/3) 15.4 (77/5)
Total 17.6 23.0
Pterostichus 1 June 3.2 (55/17) 0.5 (7/14)
adstrictus 8 June 4.0 (12/3) 0.2 (1/6)
Total 3.3 0.4
Pterostichus 1 June 2.5 (63/25) 1.9 (56/30)
pensylvanicus 8 June 1.9 (15/8) 2.4 (45/19)
28 September 0.0 (0/5) 0.1 (1/8)
5 October 0.1 (1/7) 0.1 (1/12)
Total 1.8 1.5
Pterostichus 1 June 0.3 (1/3) 4.0 (32/8)
coracinus 8 June 7.5 (113/15) 3.4 (24/7)
22 June 26.8 (107/4) 3.0 (9/3)
29 June 16.5 (66/4) 9.0 (45/5)
6 July 12.9 (103/8) 11.4 (57/5)
10 August 2.8 (11/4) 13.0 (26/2)
24 August 1.2 (6/5) 3.3 (10/3)
Total 9.1 6.1
Agonum 1 June 3.3 (26/8) 2.3 (23/10)
decentis 8 June 1.0 (4/48) 3.6 (40/11)
22 June 15.0 (30/2) 18.0 (72/4)
Total 4.3 5.4



Figure 1: Ceneralized annual phenology curves for carabid species
commonly collected near Thunder Bay, Ontario
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