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Soil samples taken from a clearcut and adjacent uncut

site of a Douglas Fir and Western Hemlock old growth forest

in the Cascade Range of southern Washington showed greatly

reduced adult and juvenile population densities of macro-

phytophagous, microphytophagous, and predatory soil acari

in the clearcut. These effects appeared tq be due to high

lethal summer litter temperatures and reduced pore spaces



due to scarification. Also, the number of species of acari
in the clearcut was lower than in the control after clear-

cutting.
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INTRODUCTION

Clearcutting, a widely-used practice in Europe and'
North America, is considered to be the most economically ex-
pedient method of harvesting large stands of timber, both
for efficiency in harvesting and in refqrestation (Smith
1962). The practice has been criticized not only for
esthetic reasons but for its effects on watersheds and wiid—
life. Recently several authors have suggested that clear-
cutting results in nutrient depletion in soils (Moore and
Norris 1974, Vitousek et al 1979), disturbance of soil
biota food webs and consequent destruction of soil-building
processes (Bollen 1974, Mitchell and Sartwell 1974, Moore
and Norris 1974, Szujecki 1971, 1972), and increases in
numbers and densities of pest species (Francke-Grosmann

1963).

Soil Microarthropods

Wallwork (1970) defines soil animals as those which
live in the so0il on a perﬁanent or temporary basis. The
most numerous and diverse of these are represented by the
arthropods: Pseudoscorpionida, Araneida, Opiliones, Acari,
Isopoda, Insecta (larvae and adults), Chilopoda, Symphyla,
Diplopoda, and Pauropoda. The Annelida and Nematoda are

also abundant. These organisms may be herhjvores, fungi-



vores, Or carnivorés.

Forest soil animals are usually dependent on detritus
food chains. The source of their nutrients is litter from
vegetation or the fungi and bacteria whiéh utilize the lit-
ter. Larger organisms, such as lumbricid annelidé, general-
1y play a mechénieal role in litter breakdoﬁn, while smaller
animals are c¢onsidered to be regulators of the_decoméosition
of these residues (Crossley i97§b, Edwards and Heath 1963,
Ghilarov 1963, 1971).- This regulafion may be accomplished
ldirecﬁly by feeding on the litter and éssociated microflora
.(Engelmann 1961, Gist and Crossley 1975), or indirectly by
vmixing the soil, enfiching the soil with their feces, elim-
inating ﬁycostasis and’bacteriostasis (MacFadyen 1963), dis-
tributing fungal spores to favorable sites for germination
(Witkamp 1966),'enhahcing microbial growth by browsing Of‘
senescent colonies.(Hinshelwood l951).and.by'éxposing new
‘material (Engelmann 1961), providing a substrate for micro-
flora with their feces (McBrayer 1973),- inoculating litter
with microbes and microbial spores (Crossley 1977b, Engel-
mann 1961, Ghilaroﬁ 1963), and fragmenting tﬁe litter mater-
ial (Gray and Williams 1971, Kurcheva l§60, Witkamp and
Crossley 1966). As such, soil animals ﬁgve'a significant
role in soil development and -nutrient cycling (Cornab& 1977,
Crossley 1977a, MacFadyen 1961). ' |
' Soils under coniferous forests are acidic in nature

and are therefore favorable for the proliferation of soil



fungi (Griffin 1972). Acid conditions, thever, are unfav-
orable for many soil animals, such as lumbricid annelids,
diplopods, and isopods. Therefore the dominant groups of
microarthropods which occur in coniferous éoils are fungi-
vorous mites of the suborder Oribatida and fungivorous in-
sects of the order Collembola (Huhta et al 1967, Krantz
1978, Wallwork 1976).

Soil microarthropods are horizontally distributed in
the soil in a. contagious way kHartenstein 1961, MacFadyen
1962, Mitchell 1978). Microhabitat appears to be important
in this 'clumping'effect, but the specifics of this are not
clearly understood, Even 'pure' woodland stands may show
local variations in biological characteristics of the forest
floor which may influence distribution patterns (Cornaby
1977, MacFadyen 1968, Wallwork 1976). Mitchell (1978) in-
dicates that horizontal distribution varies with species
among oribatid mites, and that distribution is positively-
coprelated with moisture for those mites inhabiting soil
layers below 2.5 cm, and negatively. or not correlated for
those mites inhabiting organic layers above 2.5 cm. Harten-
stein (1961) indicates that food availability causes aggre-
gation of oribatids in the laboratory, and predatory mites
of the suborder Gamasida are attracted to these sites in-
directly.

Microarthropods are also vertically djistributed in

the soil. Some are mainly litter inhabitants, some are fer-



mentation layer inhabitants, and some occupy the humus hori-
zon. Immatures appear to inhabit deeper horizons‘(Mitchell
1978). Vertical migrations may be seasoﬁal or diurnal, and
may be correlated with soil moisture (Madge 1964, Mitchell
1978), temperature (Madge 1965, Wallwork 1959, 1960), avail-
able food supplies (Wallwork 1958, 1960), and carbon dioxide

levels (MacFadyen 1968).

Effects of Clearcutting on Soil Microarthropods

The effects of clearcutting on soil microarthro?ods
have not been well-covered in the literature. Few major
studies.have been made, and fewer still analyze density and
diversity changes of populations. Most studies group all
mites, all spiders, etc. together as if the groups perform
identical roles in the soil community (Cornaby 1977). The
results have been inconclusive.

Huhta et al (1967, 1969) conducted a major study of
the effects of forest management on soil arthropods, nema-
tddes, and annelids inhabiting coniferous forest soil. They
compared several sites in Finland which had been uncut (con-
trols), clearcut one year previously, slash-burned, etc.

The sites, although not adjacent, were chosen for similarity
in vegetation. They found that oribatid mites increased in
density during the first year after clearcutting, but not

significantly. They attributed this effect to the increased

moisture resulting from slash accumulation during clearcut-



ting, rather than to food afailability. The densities of
oribatid mites dropped significantly below the densities in
the control plots éfter the second year, and remained low.
'Other Acérina' in the study, considered as a group, follow-
ed a similar pattern. Huhta et al (1967) concluded that, the
taxa of Acari are too heterogenous to serve as a basis for
conclusions. They noted however that the same species ap-
peared to dominate in the controls and clearcuts, but the
number of species increased due to influx of different ones
into the clearcut area. Moritz (1965) found that dominant
species of oribatid mites change after clearcutting, and
Szujecki (1971, 1972) noted a change of staphylinid beetles
from specific feeders to eurytopic species after clearcut-
ting.

V1lug and Borden (1973) examined a site in British
Columbia one year after clearcutting, and emphasized verti-
cal migration through the first 10 cm of soil. Density de-
crased in logged areas in all four levels of §oil studied.
The family Oribatulidae of oribatid mites showed the great-
est increase in abundance, from 3.7% in the contfbls to
17.7% in the clearcuts. Correlations of densities with
physical parameters (moisture, temperatufe, and pH) were
not significant, and they indicated that such factors as
food supply may be important.

Huhta (1976) examined numbers, biomass, and community

respiration of various soil invertebrates jip clearcuts



3-13 years of age. Only enchytraeid ahnelids shoﬁed a dis-
tinctly greater biomass than controls, and only in sites
8-13 years old. The total biomass increased strongly after
clearcutting, mainly dﬁe to lumbricid and enchytraeid popu-
lation increases. The total biomass of arﬁhropods did not
exceed controls at any stage. Increases in community res-
piration followed that of biomass, but was more evident.
This was attributed to the higher average temperatures in
the soils of clearcut areas; again, enchytraeids made the
largest contribution. Huhta concluded thaf,the'temporary
increase was due to slash decomposition at the time of
clearcutting, but that a ﬁery limited number of species
appear to use most of the extra resources; As the organic
matter is consumed, £he animal biomass diminishes, and
microarthropods evidently floﬁrish at an earlier stage of

decomposition than the enchytraeids.

Puﬁpose of Study

Because mites play an important role in soil-formation
processes, and subsequent nutrient release, revpresentative
macrophytophagous, microphytophagous, and predatory genera
or species were studied in a clearcut area, The population
densities were followed during the first year after logging
in adjacent sites to determine if the practice of clearcuﬁ-
ting has an effect on them, and, if so,Ato‘determine what

type of population changes occﬁr, and why.



MATERIALS AND METHODS

Site Description

Soil-litter samples were taken from a northwést—facing
ridge on the Weyerhaeuser St. Helens Tree Farm in the Kalama
River district of Washington, Cowlitz County, T7N-R3E, Sec-
tion 13. See Figure 1. The tree farm is in the Tsuga

heterophylla Zone of the mesic temperate conferous forests

(Franklin and Dyrness 1973). The study area is an old-

growth stand which includes Douglas Fir, Pseudotsuga

menziesii (Mirb.) Franco; Western Hemlock, Tsuga heterophyl-

li‘(Raf.) Sarg.; Pacific Silver Fir, Abies amabilis (Dougl.)

Forbes; Western White Pine, Pinus monticola Dougl. ex D.

Don; Vine Maple, Acer circinatum Pursh; Salal, Gaultheria‘

shallon Pursh; Red Huckleberry, Vaccinium parvifolium Smith;

Blue Huckleberry, Vaccinium membranaceum Dougl. ex. Hook.;

Oregon Grape, Berberis nervosa Pursh; -Commen Beargrass,

Xerophyllum tenax Nutt., and numerous lichens and mosses.

The ridge has a slope of 20%. The soil belongs to the Yale
series, which are deep, medium-textured, well-drained red-
dish-brown Laterites developed from deép deposits of volcan-
ic ash and pumice. The 50-year site index is 120' for
Douglas Fir and 110' for Western Hemlock (Duncan and Stein-
brenner 1973). Elevation is.731.5 m. Mean annual precipi-

tation is 250 cm; mean annual temperature ig 8-9 degrees
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Centigrade, with a January mean ﬁinimum temperature of -2.5
degrees Centigrade, and a July mean maximum temperature of
24.5 degrees Centigrade (Franklin and Dyrness.1973);

On April 15, 1978 a study area was selected on the
ridge where a cut line had already been surveyed and marked
by the Weyerhaeuser Corporation. The cut line ran portheast
to southwest. The forest to the southeast of the line was
not to be logged, and was used as the contropl site. The
forest to the northwest of the line was part of a 95-acre
unit logged by Weyerhaeuser between April 17 and May 20,
1978, aﬁd was used as the experimental site. The unit was

not sprayed with herbicides, since Red Alder, Alnus rubra

Borg., and other plant competitors of seedling Douglas Fir
were absent, and since shrubs such as Vacciniﬁm sp. shade
soils. The unit was not slash-burned since little slash was
left after logging (R. Gooding, pers. comm.). The 95-acre
unit had an average yield of 150 cunits per acre; however,
the ridge averaged only 85 cunits per acre, Most of tﬁe

timber from the ridge was used for pulp.

Sampling Procedure

Samples were collected April 16 (pre-logging), May 20,
July 29, October 7, 1978, and March 29, 1979, approximately
35 m southeast of the cut line in the unlogged site, and
approximately 20 m northwest of the cut line in the logged

site. Each site was divided into four plotg, and' each plot



was marked into 28 stations spaced at 3.33 m intervals

(Figure 2).

On each sampling day,

litter and soil were

collected from four randomly-sampled stations per plot.

10

Each soil-litter sample measured 13 cm deep and 10 cm in di-

ameter, and was trowel-collected and placed in an individual

plastic bag.

habitat data (Appendix A) were recorded for each.

the four samples were randomly-selected from each plot to

be divided into upper and lower core halves;

bagged and numbered separately.

these were

Two of

Each sample bag was numbered consecutively and

In each plot, temperatures were measured using a Yel-

low Springs Tele-Thermometer (Model 46) attached to thermi-

stors pPlaced 61 cm above the soil surface,

1o

2.

10 meters

3.

80

7‘

6

Se

Qe

10°

11.

12-

Figure 2.

Illustration of plot and numberi

16° -

15

14.

13-

20 meters

18*

19.

20¢

1l cm below the

24+

23*

22¢

21

25¢

27

28¢

system used for

sampling; four plots were de31gnated in both ‘the control and in

the clearcut areas.
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soil surface (referred to as 'surface' or 'litter' Lempcra-
ture in the text), and 13 cm below the soil surface.

Soil moisture readings were taken only in October and
March using a Soiltest MC300A Moistufe meter.

Soil organisms were extracted from each sémple into
70% ethyl alcohol using individual Berlese funnels equippea
with 25-watt light bulbs as described by Wallwork (1970).

The samples were sorted énd statistically analyzed as
follows: some groups of mites were analyzed for relative
abundance, using the negative binomial transformation

x' = logl0 (X + k)
were X is fhe density of the sample, and k is equal to one
(Anscombe 1949, Berthet and Gerard 1965, Gerard and Berthet
1966); other groups of mites were sorted for frequency‘of
occurrence using the angular trénsformation
x' = arcsin p

where p is the proportion of samples per site in which the
group occurs (Sokal and Rohlf 1969). The negative binomial
transformation and the angular transformation allow analysis
of variance to be utilized on contagious, or clumped, popu-

lation distributions.



RESULTS AND DISCUSSION

Similarity of Species Composition

Figure 3 shows the percent similarity of species com-
position in the control and clearcut sites using Sgrensen's
Quotient of Similarity

2 1 .
J X 100

0o
|

(a+ b))

where j is the number of species common to both samples, a
is the number of species recorded in the control, and b is
the number of species recorded in the clearcut. This quo-
tient expresses 100% similarity when all species are common

to both areas (Wallwork 1976, Sgrensen 1948). Figure 4 com-

100 +
90 «

80 4

PERCENT SIMILARITY

Figure 3. Sgrensen's Quotient of Similarity applied to the con-
trol and clearcut sites for each sample month, See text for ex-
planation. Dotted line indicates period of glearcut operation.
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NUMBER OF SPECIES
e
i

Fiqure 4. The number of species unique to each site on the dif-
ferent sampling days. Dotted line indicates period during which
clearcutting occurred. Solid line represents control numbers;
dashed line represents clearcut numbers.
pares the number of species unique to each site on the dif-
ferent sampling days. As the species composition becomes
more similar, the lines are expected to converge to zero.
After clearcutting, the control site supported a higher
diversity of mites. than did the clearcut site.

Appendix B taxonomically lists identified species ob-

tained from the samples during this study.

Macrophytophagous'Soil Acari

Three ptyctiminid families of the oribatid supercohort
Macropylides (Lower Oribatida), represented by the genera

Oribotritia, Protoribotritia, Euphthiracarus, and Phthir-~

acarus, were analyzed together, since they are thought to

perform similar roles in the decomposition process as macro-
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Figure 5. Changes in density of four genera of macrophytopha-
gous ptyctiminid mites during the first year after clearcutting.
Mean density of control (solid line) and clearcut (dashed line)
shown. Vertical dotted line indicates period during which clear-
cutting occurred.
phytophages (Jacot 1939, Luxton'l972). There was a signifi—
cant statistical difference (<X = 0.05) in densities between
the control and clearcut sites after clearcutting, but no
statistical difference among sampling days within treat-
ments. Figure 5 illustrates the seasonal fiuctuations of
the.control and clearcut during the first year after clear-
cutting. Although both populations have dropped dramatical-
ly by July, the control recovers to the previous year's
density by the following March, and the clearcut density re-
mains low. Figure 6 shows the clearcut populgtion as a per-
cent of the control. By March of the following year the
densities in the clearcut appear to have stabilized to

about 18% of the control densities.

The oribatid genera Hermanniella, of the supercohort

Brachypylides (Higher Oribatida), is also thought to be a
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20+
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=
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Figure 6. Ptyctiminid mites mean clearcut density as percent of
control. Vertical dotted line indicates pexjod during which
clearcutting occurred.

macrophytophage (Luxton 1972). Figure 7 shows that the

Hermanniella populations rose in both areas immediately af-

ter the clearcut occurred, and were not significantly dif-
ferent. In July, however, the populations decreased in both
areas to sigﬁificantly (o4& = 0.05) different levels from
each other. There was a recovery in October, but the clear-
cut populations remained below the control populations in
March 1979.

The ptyctimid mites were immediatel? affected by
' clearcutting, and did not benefit from the newly-fallen lit-
ter froﬁ the felling operations. This is to be expected
since mécrophytophagogs mites generallyiattack residues
which have had distasteful polyphenols'and tannins leached
from them after a period of time (Wallwork 1976). In this
case, the represented genera varied from relatively large

mites (e.g. Oribotritia) to relatiVely smal]l mites. (e.g.
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7.01
6.04
5.0-
4.0
3.0+

2.04
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1.04 . _ -~ _

MONTH

Figure 7. Changes in density of the macrophytophagous genus
Hermanniella during the first year after clearcutting. Graph
description as in Figure 5.

Protoribotritia) so the affects of pore space size could not

readily be evaluated. However, the data for the medium-

sized genus Hermanniella indicate that the residues deposit-

edAby the clearcutting operations may have benefitted the
group temporariiy by allowing relatively large numbers of
overwintering individuals from previous months to survive
in the residue habitat. As stated abéve, this effect did
not last since the new litter could not provide a suitable
food supply for these mites. 1In each case for macrophy-
tophagous mites, the July low clearcut densities were not

able to recover to control levels.
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Microphytophagous Soil Acari

The fungivorous gamasid mite Trachytes had signifi-
cantly lower ( o = 0.0l) densities in the clearcut than in
the control after clearcutting. Figure 8 illustrates the
seasonal fluctuations in'the control and clearcut. Figure
9 shows the dramatic decline in clearcut dénsities as per-
cent of the control. No'Trachites species were found in the
July or March clearcut samples, and very few wére'found in
October. |
| The genus Trachytes is a relatively large mite and
probably inhabits thé litter horizon of the soil, where
pore spaces are large. Séarification of the soil during
clearcutting operations, and increased'temperatures in the

upper layers, ptobabiy outweighed any benefits these mites
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Figure 8. Changes in density of the microp. ¥tophagous gamasid
genus Trachytes during the first year after c;earcuttlng. Graph
description as in Figure 5.
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Figure 9. Trachytes sp. mean clearcut density as percent of
control. Graph description as in Figure 6.

may have had from freshly-fallen litter and the microbial

activity on it.

Panphytophagous Soil Acari

The generalist-feeder mite genus Nanhermannia showed

a significantly lower (o = 0.01) frequency of occurrence
in the clearcut than in the control after clearcutting.
The clearcut proportions in October 1978 and March 1979
were about 60% of the control proportions.

This mite is medium-sized and probably was able to
avoid anironmental stresses duelto pore spéce sizes more
easily than was Trachytes. Also, being a generalist, the

food requirements of Nanhermannia are probably less demand-

ing than those of specific feeders.
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Predatory Soil Acari

The predatory actinedid mite genus Nicoletiella showed

~signficant differences between‘treétments (X = 0.05) as
well as among days within treatments (e = 0.01). The con-
trol and clearcut densities both rose in May immediately
after the logging operation, and plunged in July. Howevef,
Figure 10 indicates that the clearcut pdpulation did not
recover in density by October as did the control.

The predatory gamasid species Parholaspella spatulata

Krantz decreased in density in both controls and clearcuts
over the year, but the density was significantly lower
(<X = 0.01) in the clearcut than in the control sites.
Figure 11 shows the.mean densities for the first year.
The nymphs and'adults were separated and analyzed further.

Table I shows the level of statistical significance of the
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Figure 10. Changes in density of the predatqry actinedid
genus Nicoletiella during the first year after clearcutting.
Graph descriptionh as in Figure 5.
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Figure 11. Changes in density of the predatory gamasid
mite Parholaspella spatulata Krantz during the first year after

clearcutting. Graph description as in Figure 5.

results illustrated in Figures 11, 12, and 13 in which

densities for the adults and nymphs are plotted.

Table I indicates that the nymphs were affected by the

clearcut treatment during the year more than the adults .

When densities of the adults and nymphs were plotted

in the control and clearcut (Figures 12 and .13) adult densi-

ties in the control sites appeared to be recovering to the

previous year's levels, after the summer seasonal decline,

TABLE I

LEVEL OF SIGNIFICANCE OF DENSITY DIFFERENCES OF THE

LIFE STAGES OF PARHOLASPELIA SPATUIATA

Between Control Among Days Among Sites
Stadia and Clearcut Within Within

Treatments Treatments Days
Adults N.S. 0.01 N.S
Nymphs 0.01 0.01 N.S.
Adults + Nymphs 0.01 0.05 N.S
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Figure 12. Changes in mean control densities of nymph (solid
line) and adult (dashed line) Parholaspella gpatulata during
the first year after clearcutting. Vertical dotted line indi-

' cates period during which clearcutting occurred.

but in the clearcut they were not recovering. This indi-

cates that in the clearcut, immatures did not develop to new

adults between July and October as they did in the control.

Nymph densities decreased in the control and clearcut both,

but would be expected to decrease in densities as new adults

developed from them, as occurs in the control sites. The

MITES/CM3 (X 10~2)

* MONTH

Figure 13. Changes in mean clearcut densities of adult and
nymph Parholaspella ‘spatulata durlng the flrat year after clear-
cutting. Graph descriptlon as in Flgure 12.
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lack of recovery of adult densities in the clearcut may be
due to lack of prey availability, to increased predation by
organisms which feed en P. spatulata, or to environmental

. stress caused by increased temperatures during the summer
months.

Other studies indicate that prey availability does not
appear to be a factor in theee cases, since Collembola popu-
lations do not significantly decrease after clearcutting
(Huhta et al 1967, Huhta et al 1971). Huhta (1971) attri-
buted predatory spider decreases in population to high temp-
eratures during summer months, not to predation. If this is
the case, nymph populations, which are often found deeper in
the soil horizon than adults (Mitchell 1978), may have been
able to avoia temperature stresses by virtue of their micro-
habitat, and consequently survived in higher numbers.

Figure 14 illustrates the densities of the predatory

gamasid genus Gamasellus for the five sampling periods. The

clearcut levels were significantly lower ( e = 0.05) than
the control levels after clearcutting. Figures 15 and 16
illustrate the adult andAnymphal'densities in the control
and clearcut, respectively. Both nymph and adult densities
in the control decreased dramatically by July. By March

of the following year, control adults had returned to pre-
vious years' levels; the nymphs were lower than the previoué
year. In the clearcut, adult and nymph levels in March 1979

were significantly lower (e = 0.05) than the previoﬁs
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Figure 14. Changes in density of the predatory gamasid genus
Gamasellus during the first year after clearcutting. Graph
descriptions as in-Figure 5.
year's levels, and only the nymphs appeared to be increasing
in density.
Although the gamasellid and parholaspellid genera are

found ‘in the same cohort, they did not behave similarly in

MITES/CM3 (X 10-2)

Figure 15. Changes in mean control densities pf adult and nymphal
Gamasellus durlng the first year after clearcugtlng Graph
description as in Figure 12.
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Figure 16. Changes in mean clearcut densities of adult and-
nymphal Gamasellus during the first year after clearcutting..
Graph description as in Figure 12.

the control and clearcut. The total density of P. spatulata

showed a decreasing trend in density after one year, but the

Gamasellus species were increasing. Immature and adult

stages of the two genera also behaved differently. In the
controls, the nymphs of the gamasellid genus reacted unfav-
orably to summer seasonal affects, unlike the parholaspeilid
genus. Clearcut nymph densities of béth genera sharply de-
creased immediately after clearcutting; adults of both
genera significantly decréased in densities by July, and did
not recover in the following month to previous (April 1978)

levels. It appeared that for Gamasellus, environmental

stress imposed by high summer soil temperatures prevented a

recovery of adult populations.



Vertical Migration

The macrophytophagous and microphytophagous mites
studied showed no significant differences in vertical dis-
tribution between clearcut and controls after clearcutting.

There were also no significant differences in Nicoletiella,

a predatory genus. Significant differences (<X = 0.01)
appeared when nymphal and adult stages were analyzed in the

predatory mites Parholaspella Spatulata andAGamasellus.

The source of variation of these differences appeared be-
tween the control and experimental pdpulations within adult
and within juvenile populations. There were no significant
differences however 'between the top and bottom samples over-
all, nor between the juvenile and adult densities within the
top and bottom samples.

Caution must be exercised in drawing conclusions from
these results, however. The top samples were 6 cm deep and
would not detect migrations of less than 6 cm, as may more
likely occur (Mitchell 1978). Therefore vertical migration
may have been detected had different sampling techniques
been used. Vlug and Borden (1973) noted that there was no
change in clearcut densities within the first 10 cm of soil

horizons, but rather that densities decreased in all layers.

Soil Compaction and Scarification
After clearcutting, approximately 55% of the logged

site was scarified and/or coﬁpacted by heavy machinery.  The
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soil samples from these areas were sandy to gravelly, high
in mineral content, and low in organic matter. Approximate—
ly 5% of the site was relatively undisturbed, similar to the
control except for increased insolation. .The remaining 40%
of the area contained added debris, such as sawdust, chips,
fallen branches, etc., which were a result of the clearcut-
ting operations.

Soil compaction and scarification (i.e., removal of
the organic layers from the soil) which result from tractor
logging and skid roads formed during clearcutting operations
may have biological implications. Microarthropods generally
occupy small spaces between soil particles in the surface
layers, and the diameter of the éore spaces may be limiting
to their distribution (Wallwork 1970). Steinbrenner and
Gessel (1955) found a 10% reduction of macropore space in
soils compacted by tractor logging, and a 53% reduction in
pore space in tractor skid roads. The bulk density of soils
compacted by tractor logging and skid roads increased -2.4%
and 15%, respectively.

Macropore space allows ready movement of air and per-
colating water. Soil compaction may reduce microbial activ-
ity by impeding aeration and allowing.carbqn dioxide concen-
trations to inérease (Bollen 1974). Since bacteria and
fungi are the food source of many sbil mites, this effect
may have implications for their survival.

Organic matter is important in maintaining large
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macropore spaces (Buckman and Brady 1969); therefore séari—
fication of soil can also result in loss of larger poré
sizes, and to the effects méntioned above.

Steinbrenner and Gessel (1955) féund a permeability
rate decrease of 35% resulting from tractor logging, and a
93% decrease in tractor skid roads. Dyrhesé et al (1957)
fouhd lowered moisture eguivalents and percent aggregations
in clearcut soils, but these were not significant; he attriL—
utéd the reductions to structural breakdown due to compac-
tion. 1Isaac and Hopkins (1937) noted that duff has a very
high water—holdiﬂg capacity. Since competition for water
may be limiting to soil microbes (Bollen 1974), these effects
may result in less food for microphytophagous acari in
scarified areas. However, Griffin (1972) said that since
the volume of water nécessary for microbial activity is very
small, its significance is probably correlated with other
properties, sﬁcﬁ as aeration. Williams (1963) found that
moisture is important in fungal distribution in a podsol
soil, and that colonization of mineral soil is partiy depen-
dent 6n particle size; colonization of mineral soil is less
than that of organic matter. These findings also indicate
that compaction énd scarification have biological implica—

tions for macrothtophages and microphytophages.

Temperature .

Analysis shows that soil temperatures at 13 cm in
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depth were not significantly different in the.control and
clearcut sites overall, but that there were highly signifi-
cant ( oK = 0.01) differences among sampling months within
treatments. Figure 17 shows that in May aﬁd July, signifi-
cantly higher (£ = 0.05) soil temperatures occurred in the
clearcut than in the control. No differences appear in Oc-
tober and March. IThe same results occur for the litter
temperatures. The air teﬁperatures were significantly dif-
ferent for the control and clearcut in all four months after
' logging} figure 17 shows thaf the air temperature was lower
in the control during May.and Juiy; and higﬁer in the con-
trols during October andAMarch; The same pattern, not al-
ways statistically significant, occurred for the soil and
litter temperatureé.

U.S. Weather Bureau data for Cougar, Washington (ele-
vation 203 meters) for. the week precediﬁg each sample date,
and corrected for elevation by the environmental temperature
lapse rate of 6.4 degrees Centigrade.per 1000 meters
(8trahler 1975) showed that the‘avefage air temperature
prior to'April 16, 1978 was 9.7°C maximum and -0.8°C mini-
mum; prior to May 20, 1978 was'12.7°C maximum and 2.7°C mie—
imum; prior to July 29, l97é was 24.2°C‘ﬁaximum and 9.7°C
minimuﬁ; prior to October 7, 1978 was 19.7°C maximum and
5.2°C minimum; and prior to March 29, 1979 was 13.7°C maxi-
mum and -1.8°C minimum. Monthly temperatures were normal

prior to each of the sampling dates. See Appendix D.
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Fiﬂe 17. Mean temperatures in the controls (white bars) and
clearcuts (hatched bars) in the four sampling months following

clearcutting. April 1978 (pre-logging) temperatures were com-

parable to the March 1979 temperatures.
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Vegetation can affect soil temperatures by decreasing
heat inflow throughvshading, prevénting radiation of heét.
at night, and hindering air turbulence at the soil surface.
Clearcutting, by destroying the Vegetaﬁive overstory, in-
‘duces greater daily témperature fluctuations and seasonal
extremes than in Qegetated areas, and subjects the surface
layers to drying by wind as well as by increasing tempera—
tures (Huhta et al 1967, Buckman and Brady i969).

Wallwork (1959,vl960) examined temperature tolerance
for various oribatid mites in the laboratory and field.

The .upper tolerance was 30-32°C, the tolerable range. was
16-28°C, aﬁd the preferred range was 21-26°C for the species
observed. He noted that theré was a grgater tolerance for
relatively cold temperatures than relatively warm ones, and
mortality was observed at temperatures starting at 30°C.

The U.S. Weather Bureau data indiéates that mortality-induc-
ing litter temperatures probably eiisted for at least one
week in July, 1978.

Griffin (1972), commehting én microbial activity,
noted that thefe is no support for‘the assumpti6n that tem-
perature fluctﬁation per se affects activity, but that
growth is deterred soﬁe time.after maximum temperatures are
reached. Béllen (1974) correiatedjsoil temperatures with
.moisture, statingAthaf in the Pacific Northwest high summer
seasonal temperatures andAloﬁ summer and fall precipitation

are the major limiting factors for microbes, In winter,
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microbes are not active and are limited by low temperatures,
not by moisture, unless it is excessive.

The data in this study (Figure 17) indicate that
temperature extremes on the soil surface are greateét in the
July samples, when temperatures of 40°C were measured in the
clearcut, compared to 18.5°C in the cqntrol; Mortality would
be expected then in the clearcut sites. Also, microbial
activity would be reduced at these temperatures, resulting
in lowered food supplies for micrbphytophagous:mités. |
Significant differences in temperature, although not as ex-
treme as in July, were also obsefved in May. In the Octo-
ber and March samples, litter témperatures were not‘signifi—
cantly different between the controls and clearcuts, and
therefore were probably not important to differénées in
densities at those times. ASoi; temperatures at 13 cm in

depth were also éignificantly higher only in May and July.

Moisture

Soil mqisture in March 1979 was significantly higher
(e = 0.01) in the controls fﬁan in the clearcuts, but the
sites were notlsignifiéantly different from each other in
October, 1978. |

U;S. Weather Bureau data for Cougar, Washington (see
Appendix D) stated that the precipitation one week prior to
April 16, 1978 totaled 4.1 cm; prior to May 20, 1978 totaled

4.3 cm; prior to.July 29, 1978 totaled 0.33 cm; prior to

-
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October 7, 1978 no precipitation fell; and prior to March
25, 1979 totaled 0.03 cm. Monthly average precipitation in
all cases was normal. There appeérs ﬁo be no corrélation
between the amount of‘precipifation and the monthly acari
densities in the control or clearcut, based on this data.

Increased insolation as a result of clearcutting
changes moisture conditions of the soil. Spme of these
effects have been discussed previously. After clearcutting,
tree and plant roots will no longer remove water from the
soil, but evaporation will inérease, unless prevented by a
cover of felling residues. |

Mitchell (1978) found that only acari inhabiting the
ferﬁentation and humus layers of thé soil horizon show a
'pbéitive correlafion to moistﬁre, and that littér inhabit-
ants are not sensitive to moiéture. Huhtav(l971) found that
moisture iS not important fof litter-dwelling spiders ‘in
cléarcuts, but temperature is. Huhta et al (1967) found
Fhat ofibatids react slowly to changes in moisture because
their thick cuticle is rééistant’to desiccation; other
. mites, however, may be affected by abundant precipitation.
Madge (1964) found that ﬁhe higher the temperature, the
higher the preferred relative humidity by soil acari; in
laboratory experiments.

Excess moisture may be limiting to micfobes by reduc-
ing okygen concentratiohs in the sdil'pore gpaces (Boilen

1974). Moreover, competition for water may be limiting to
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microbes.in dry periods (Bollen 1974, Parkinson and Coups
1963), especially to bacteria and actinomycetes which are
more sensitive to.droﬁght'than are fungi (Steubing 1970).

Most fungi are found in the litter and fermentation
layers of the soil horizon (Parkinson and Coups 1963), and
most bacteria are found in the fermentation layers (Bollen
1974). The distribution of fungi in the soil appears to
depend on moisture, mineral grain size, and depth (Williams
1963). Buckman and Brady (1969) state that fungi and bac-
teria can use hygroscopic soil-watér, although sub-optimal-
ly. This supports Griffin's comment (1972) that the volume
of wafer needed for microbial activity is so small that it,
in itself, should not be limitingﬂ' |

Vlug and Borden (1973) found no correlations with
soil moisture and mite densities in a clearcut.  Since soil
moisture readings weré not taken during every sampling
month during this study, general conclusions cannot be
drawn. However, the data for March 1979 and October 1978
and the U.S. Weather Bureau data, when compared to densities
of the various mites studied, do not support the idea that
moisture of itself is significant to the acari dénsities.
This is in agreement with the findings.of Vlug and Bdrden

(1973).



CONCLUSIONS

Generally, soii acari dénsities decreased significant-
ly in‘the clearcut site almost immediately after the clear-
cutting operation occurred. Both control and clearcut
densities decreased to very low levels by midsummef (July),
and the clearcut densities were much lower than the controi
densities. By October, however, the control densities had
recovered to higher densities than fhe'clearcut. The lower
summer. densities ‘occurring in the clearcut were attributed
to the high temperatures of the 1itter4horizon as a result
of increased insolation after the cover.story was removed.
Wallwork (1959, 1960) found that temperatures in excess of
30°C induce mortalit& in so0il acari; in this study, soil
surface temperatures in excess of 40°C were recorded. In-
direct<effects of temperature on food may also be impoftant
for microphytophagous mites; although not measured in this
stﬁdy, food availability may have been significant.

Soil moisture did nbt show correlé;ions with densities
ties. Oribatid mites are heavily-sclerotized so that mois-
ture may not‘be»important to Fhem, but mites less-sclerotiz-
ed than oribatids (primarily in other sub—orders and juven-
ile stages) and those ihhabiting-lower horjizons may be af-
fected by moisture changes (Mitchéll 1978),

Food supplies were not measured directly, but were



35

probably limited for all trophic levels. Macrophytophagous
miﬁes cénnot utilize freshly-falien'litter, microphytophag-
ous mites méy have had food shortages due to physical ef-
fects on micrsbial activity, and predators ﬁay have been
affected by decreases in popﬁlétions in other'organisms, in-
cluding mites. | |

Pore spacés may have been important for larger mites,
especially in areas which were'écarified by heavy machinery.
Mites live in existing pore spaées, so axreduction in pore
space size could affect their survival.

When predatory mites were divided into juvenile and
adult stadia and statistically analyzed, it appeared that
adults were more affected by'increased insolation and
consequent higher teﬁperatureé than jﬁvéﬁiles. This may
be because nymphs often-occupy lerr soil horizons than
the adults (Mitcﬁell 1978), and so.would escape the highest
temperétures‘at the so0il surface. The October juvenile
densities of the clearcut were not as high as the~contr61
juvenile densities, and this would also have an impact on
future generations; this was.reflécted in the March 1979
sample.

The'results of this study differed in some respects
from Huhta et él (1967), since the oribatid clearcut densi-
tiesiwgre not near as high aS‘the‘control densities after
one year, as was reported by them. |

Vertical migration was not detected hut that may have
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been due to technique. Vlug and Borden (1973) found‘no

‘vertical migration in the first 10 cm after clearcutting.
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APPENDIX A

" HABITAT DATA SHEET

WASHINGTON , Cd‘VLITZ COUNTY, WEYERHAEUSER TREE FARM
KALAMA RIVER DISTRICT

T7N~R3E, Section 13 Elevation ca 731.5 m msl
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APPENDIX B

CLASSIFICATION OF ACARI, OPILIONES, AND ARANEIDA
OCCURRING IN SAMPLES

I. ACART

Order Parasitiformes
Suborder Gamasida .
‘ Supercohort Monogynaspldes
: Cohort Gamasina
Superfamily Parasitoidea
Family Veigaiidae
Veigaia sp.
Superfamily Rhodacaroidea
Family Ologamasidae
Gamasellus sp.
Gamasiphls Sp.
Superfamily Ascoidea
Family Zerconidae
Microzercon sp.
- Macrozercon sp.
Superfamlly y Eviphidoidea
Family Parholaspellidae
Parholaspella spatulata Krantz
Family Pachylaelapidae
Pachylaelaps sp.

Cohort Uropodina
Superfamily Polyaspidoidea
Family Polyaspididae
. Polyaspinys nr. higginsi
Trachytes sp. A
Trachytes sp. B

Order Acariformes
~Suborder Actinedida
Supercohort Promatides
Cohort Labidstommatina
Superfamily Labidostommatoidea
Family Labidostommatidae
Nicoletiella sp.

Cohort Eupodina .
Superfamily Eupodoidea
Family Eupodidae
Eupodes sp,
Cocceupodes sp.
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‘Family Rhagidiidae
Rhagidia hilli Strandtmann
R. nr. longisensilla Shiba
R. nr. shibai Strandtmann
R. whartoni Strandtmann
Rhagidia sp. A.
Rhagidia sp. B.
Family Penthaleidae
- Penthaleus sp.
Superfamily Tydeoidea
Family Tydeidae
Tygeus Sp.
Cohort Eleutherengonina °
Subcohort Anystae
Superfamily Anystoidea
Family Anystidae
Anystis sp.
Subcohort Parasitengonae -
Phalanx Trombidia
Superfamily Trombidioidea
Family Trombidiidae
Undetermined sp.

Suborder Oribatida
Supercohort Macropylides
Cohort Ptyctimina
Superfamily Phthiracaroidea
Family Phthiracaridae
Phthiracarus sp.
Superfamily Euphthiracaroidea
Family Oribotritiidae
Oribotritia sp.
Protoribotritia sp.
Family Euphthiracaridae
Euphthiracarus sp.
E. tgf_gthrix Walker

Cohort Holonotina
Superfamily Collohmann01dea
Family Nothridae
Nothrus. sp. nr. biciliatus
FamJ.ly Camigsidae
‘ Camisia sp. nr. segnis
Supercohort. Brachypylides
Cohort Apterogasterina
Subcohort Polytrichae
Superfamily Nanhermannioidea
Family Nanhermanniidae
Nanhepmannia sp.
Superfamily Hermgnnielloidea
Famlly Hermanniellidae

Hermannlella sp.
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Subcohort Oligotrichae
Superfamily Cepheoidea
Family Cepheidae
Eupterotegaeus sp.
Sphodrocepheus anthelionus
Woolley & Higgins
Superfamily Carabodoidea
Family Carabodidae
Carabodes sp.
Superfamily Eremaeoidea
Family Eremaeidae
Eremgeus sp.
Superfamily Belboidea
 Family Damaeidae
. Damaeyus sp.
Superfamily Otocepheoidea
Family Oppiidae
Oppiella nova (Oudemans)
Superfamily Liacaroidea
Family Liacaridae
Liacarus sp.
L. bidentatus Ewing
Family Metrioppiidae
Ceratoppla sp.
Paenopgla sp.
Family Astegistidae
Cultroribula ? trifurcata
Jacot

Cohort Pterogasterina
Superfamily Pelopoidea
Family Pelopidae
Eupelops sp.
Superfamily Galumnoidea
Family Galumnidae
~ ? genus (immature)
Superfamily Oribatelloidea
Family Oribatellidae
? genus (immature)
Family Achipteriidae
Anachjpteria sp. (imm.)
Superfamlly Oribatuloidea
Family Oripatulidae
’ Oribatula sp.
Scheloribates sp.
Family Suctobelbidae
Allosyctobelba sp. nr.
abtusa (Jacot)
—a




II.-

III.

OPILIONES

Suborder Cyphophthalmi
Family Sironidae-
Siro acaroides (Ewing)

Suborder Laniatores
' Family Triaenonychidae
Paranonychus brunneus (Banks)

ARANEIDA
Suborder Mygalomorphae :
Family Mecicobothriidae
Hexura picea (Simon)

Suborder Araneanarphae
Family Telemidae
Usofila Dac1f1ca (Banks)
Family Thamisidae
Xysticus Bretlosus Gertsch
Family Agelenidae
Cybaeus sp. (indet. juv.)
Family Theridiidae .
Theridion sexpunctatum Emerton
Family Erigonidae
‘ Symmigma minimum (Emerton)
Scironis sima (Chamberlin)
Ceratinops inflata Emerton
1 indet. sp. (Juv.) ‘
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APPENDIX C
TABULATION OF DATA

PTYCTIMINID MITES (SUBORDER ORIBATIDA)
4/16/78 5/20/78 7/29/78 10/7/78 3/25/79

-

Control
Mean, 4 sites; X 1072 2,16  4.410  1.429  1.750  2.996
Variance, X 1072 7.686  2.692  5.292  0.853  3.284
Clearcut. '

Mean, 4 sites, X 1072 . 1.821  1.036 - 0.093  0.271  0.444
Variance, X 10-> 7.320 1.865  0.033  0.130  0.452°

Anal}{sis of Variance

df - MS " Fs Ievel

Between clearcut and .

control treatment 1 2.212 X 10~4 9,2821 0.05
Among days within o : , ’

treatments - 6 = 2.384X107°  1.9273 N.S.
Among sites within '

days 24 1.237 X 10~  0.6979 N.S.
Within sites 9 1.772 X 1072

Between bottom and '

top levels 1 2.507 X 10~> 0.1014 N.S.
Between clearcut and

control within 4

levels 2 . 2.472 X 1074 . 3.0443 N.S.
Among days within sites 4 8.120 X 10~> :
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HERMANNIELIA SP. (SUBORDER ORIBATIDA) °

4/16/78 5/20/78 7/29/78 10/7/78 3/25/79

Control

Mean, 4 sites, X 1002 3.450  5.720  3.850  7.990  2.720
Variance, X 10~5 8.336 .3.412  3.560 - 6.473  0.849
Clearcut

Mean, 4 sites, X 1072 2.959  4.640  0.395 1,680  0.296
Variance, X 105 6.452  0.233. 0.006 1.806  0.120

Analysis of Variance

dat . MS Fs Ievel
Between clearcut and
~ control treatment 1 2.637 X 107>  6.1889 0.05
Among days within ‘
treatments 6 4.264 X 10°®  0.6838  N.S.
Among sites within -
days 24 6.230 X 1006 1.1796 N.S.
Within sites 96- 5.282 X 10~6

Between top and bottam

levels 1 1.221 X 105 0.4071 N.S.
.Between treatments : , i
" within levels - 2 . 2.999 X 102 3.4289 N.S.

Among days within sites 4 8.748 X '10-6



TRACHYTES SP. (SUBORDER GAMASIDA)
4/16/78 5/20/78 7/29/78 10/7/78 3/25/79

Control
Mean, 4 sites, X 1073  6.40 6.657  3.945  9.860.  7.889
Variance, X 10~5 3.145  1.451  0.027  0.117 , 0.136

Clearcut _

" Mean, 4 sites, X 1073 5.671° 1.480  0.000  0.986  0.000
Variance, X 10~5 1.256 -~ 0.292  0.000  0.006  0.000

Analysis of Variance

af ' MS Fs Level

Between clearcut and ‘

control treatment 1 1.573'X 107> 25,1302 0.01
Among days within ‘ _

treatments 6 6.259 X 10~7 0.6513  N.S.
Among sites within o ‘
: days 24 9.761 X 107 0.2647 N.S.
Within sites 96 3.687 X 10-6
Between top and bottam ’

levels - 1 4.503 X 100®  0.3057 N.S.
Between treatments - ,

within levels 2 1.473 X 10-6 0.2759 N.S.

Among days within sites 4 | 5.339 X 107



NANHERVANNIA SP. (SUBORDER ORIBATIDA)

Control

Proportion of  sites
having genus

Clearcut

Propoftion of sites
having genus

4/16/78 5/20/78 7/29/78

50

10/7/78 3/25/79

Analysis of Variaz_xce'.

Between clearcut and
control treatment
Among days within

~ treatments :
Among sites within

days

208.6

1.00  1.00  0.93  1.00  0.93
1.00 0.8  0.73  0.63  0.60
das MS Fs Level

1 5913.0 20.51 0.01
6 288.3 1.38 N.S.

24



NICOLETIELLA SP. (SUBORDER ACIfINEDIDA)

51

4/16/78 5/20/78 7/29/78 10/7/78 3/25/79
‘Control‘ _
Mean, 4 sites, X 10-3  3.358  6.90 1.479 7.64 2.71
Variance, X 106 1.263  3.063  0.783 ~ 4.596  1.563
Clearcut
Mean, 4 sites, X 1073 3.009 5.9 0.000  0.986  0.739
Variance, X 10-7 © 0.730 .3.833  0.000. 3.333 1.625
Analysis of Variance
- af MS Fs Level
Between clearcut and
control treatment 1 5.667 X 1076 6.245  0.05
- Among days within ‘ ‘
’ treatments 6 9.076 X 10~7 19.627  0.01 .
Among sites within _ ' o
days 24 4.624 X 10™8 0.078  0.01
Within sites’ 96 5.941 X 10~/
Between top and bottom :
levels - 1 3.676 X 107 0.575  N.S.
Between treatments ,
within levels 2 6.395 X 1076 ©2.410  N.S.
2.654 X 1076 .

Among days within sites 4



PARHOLASPELIA SPATULATA (SUBORDER GAMASIDA)

Total densities (Nymphs + Adults)

4/16/78 5/20/78 17/29/78 10/7/78 3/25/79

Control i
—_— : bt
Mean, 4 sites, X 1072 1.55 1.75 1.61 1.25 0.888
Variance, X 10-2 8.12 8.68 17.0 6.91 1.97
Clearcut

Mean, 4 sites, X 102  1.42 0.369 0.364 0.647 0.197
Variance, X 10-5 3.90 1.95 3.43 4.86 0.869

Analysis of Variance

df MS . " Fs Level .

Between clearcut and

control treatment 1" 5.51 X 1074 20.792  0.01
Among days within ' ‘

treatments . 6 2.65 X 1072 3.014 - 0.05
Among sites within .

days - 24 8.792 X 107° 0.577  N.S.
Within sites 96 1.523 X 107>

Adult densities

4/16/78 5/20/78 7/29/78 10/7/78 3/25/79

Control
Mean, 4 sites, X 1073 6.16  5.18 . 0.863  0.925  3.02
Variance, X 105 2,43 0.849 0.115 0.175 1.42
Clearcut

Mean, 4 sites, X 10”3  6.53 1.29  0.000 0.493  0.431
Variance, X 1073 2.19 0.243 - . 0.091  0.039



PARHOLASPELIA SPATULATA, continued

Analysis of Variance

Between clearcut and
control treatment
. Among days within
treatments
Among sites within
days

Nymph . densities

Control

‘Mean, 4 sites,_x 10™2
Variance, X 1074

Clearcut

Mean, 4 sites, X 1072
Variance, X 107>

Analysis of Variance

Between clearcut-and
control treatment

Among days within
treatments

Among sites within
days

Within sites

Fs

53

at MS Level
1 2.262 X 105 3.356 N.S,+
6 '6.74 X 1076  8.999 0.01
24 7.49 X 1077  1.133 . N.S.
4/16/78 5/20/78 7/29/78 10/7/78 3/25/79
0.93¢  1.232 1.527 1.158  0.586
0.065  2.38 2.72 2.42 0.141
0.767  0.240  0.364  0.598  0.154
0.235  4.76 3.43 2.26 . 2.399
df MS Fs Ievel
1 3,94 x 1074 15.183  0.01
6 2.595 X 105 3.910  0.01
24" 6.638 x 1076 0.556  N.S.
96 1.194 X-10-5



PARHOLASPELIA SPATULATA, continued

Anaiysis of Vertical Migration

df . . Ms ‘ Fs Ievel

Between top and ‘

bottom levels 1 1.446 x 1074 0.3479 N.S.
Between juvenile and

adults within

levels 2 4.157 x 1074  1.8268 . N.S.
Between treatments
within stadia 4 2.275 x 1004 6.2216 0.01

Among days within
treatments 24 3.657 X 107>



GAMASELIUS SP. (SUBORDER GAMASIDA)

Total densities (Nymphs + Adults)

4/16/78 5/20/78 7/29/78 10/1/78 3/25/79

Control .
Mean, 4 sites, X 102 5.14 4.60 0.741  2.94 3.21
Variance, X 1074 0.754  3.25 0.029  0.328  0.286
Clearcut

Mean, 4 sites, X 1072 4.76 0.568  0.123  0.667  1.04
Variance, X 107> . 0.302  1.060  0.348  0.927  3.78

Analysis of Variance

af MS Fs Ievel

Between clearcut and .
control treatment 1 1.874 x 10~4 7.744  0.05
Among days within 9.231 0.01
treatments 6 - 2.419 X 102
Among sites within : ‘
“days ‘ 24 2.621 X 107° 0.8591 N.S.
Within sites 9% 3.051 X 1076

Adult densities

4/16/67 5/20/78 7/29/78 10/7/78 3/25/79

Control
‘Mean, 4 sites, X 1072 0.97  1.24  0.320 0.715  0.841
Variance, X 10~3 © 0.079°  0.288.  0.089  2.094: 0.422

Clearcut

Mean, 4 sites, ¥ 1002 1.200 0.444  0.049  0.247  0.148
Variance, X 10~ 2.799  1.328  0.097  0.356  0.097



GAMASELIUS SP., continued

Analysis of Variance

Between clearcut and
A control treatment
Among days within
- treatments
Among sites within
. days
" Within sites

Nymph densities -

Control

Mean, 4.sites, X 10°2
Variance, X 10~

Clearcut

Mean, 4 sites, X 1072
Variance, X 10~>

Analysis of Variance

Between clearcut and
control treatment
Among days within
treatments
Among sites within
. days
Within sites

56

daf MS Ps Ievel
1 1.156 X 107> 7.285 0.05
6 5.639 X 1076  5.639 0.01
24 2.815 X 1077 0.660 N.S.
%6 4.267 X 10~7
4/16/78 5/20/78 7/29/78 10/7/78 3/25/79
4.17  3.33  0.419 - 1.998  2.18
0.915 3.60 . 0.015 0.413  0.642
3.56 0.123 0.074 0.419 0.637
1.925  0.024  0.089 1.710  4.070
df MS Fs Ievel
1 9.43 X 103 6.564 0.05
6 1.437 X 1005 4,776 0.01
24 3.008 X107  1.23¢  w.s.
96 2.438 X 10~6



GAMASELIUS SP., continued

Analysis of Vertical Migration:

57

Between top and
bottom levels
Between stadia
within levels
Between treatments
* within stadia.
Among days within
treatments

af MS Fs Level
1 1.596 X 107>  3.626 N.S.
2 4.402 X 107> 0.785 N.S.
4 5.61 X 107>  4.685 0.01
24 1.197 X 107>



APRIL 16, 1978

Temp., °C
Max.
Min.

Precip. ,cm

MAY 20, 1978

Temp., °C
Max.

Min.
. . Precip.,mm

| JULY 29, 1978

Temp., °C
Max.
Min.

Precip. ,cm

OCTOBER 7, 1978

Temp. , ©C
Max.
Precip. ;cm

" MARCH 25, 1979

Tetp., °C
Max..
Min.

Precip. ,cm

APPENDIX D

UNITED STATES WEATHER BUREAU DATA
FOR WEEK PRECEDING EACH SAMPLE DATE
COUGAR, WASHINGION  ELEV. 203 m

11 12 13 14 15 16 Ave.
21,0 11.7 . 15.6 7.8 8.9 14.4 | 13.2
4.4 1.7 - 0.0 2.8 3.3 2.8 2.5
0.00 0.00 0.00 1.40 0.97 1.70
15 16 17 18 19 20 Ave.
8.9 4.4 12.8 17.2  25.6  26.7 15.9
5.6 2.2 3.9 5.6 7.2 10.6 5.8
3.30 0.91 0.08 0.00 . 0.00 0.00
24 25 26 27 28 29 Ave
29.4  28.9 33.3 26.7 22.2 25.0. | 27.6
12.8  13.9 15.0 . 12.8 12.2  11.1 13.0
0.00 0.00 0.00 0.33 0.00 0.00
2 3 4 5 6 7 Ave
20.6  23.3 22.8  23.9 23.3° 24.4 | 23.1
6.7 7.2 8.3 8.3  11.1 9.4 8.5
0.00 0.00 0.00 0.00 0.00 0.00
20 21 . 22 23 24 25 Ave
12.8 17.2 17.8  16.7  20.6 16.7 -| 17.0
1.7 1.7 1.1 1.7 1.7 0.6 1.4
0.00. 0.00 .0.00 = 0.00 Q.00 0.03
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