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ABSTRACT

WATSON, Annetta P., R. I. VAN HOOK, D. R. JACKSON, and D. E. RETCHLE.
Impact of a lead mining-smelting complex on the forest-floor
Titter arthropod fauna in the New Lead Belt region of south-
east Missouri. ORNL/NSF/EATC-30. Oak Ridge National Labora-
tory, Oak Ridge, Tenn. 167 op.

Studies of biological activity within the Titter horizons of a
watershed contaminated by emissions from a lead-ore processing complex
focused on the litter-arthropod food chain as a means of detecting
perturbations in a heavy-metal contaminated ecosystem. Both point
sources (smelter stack emissions) and fugitive sources (ore-handling
processes, yard dusts, and exposed concentrate piles) contributed to the
Pb, Zn, Cu, and Cd levels in the study area (Crooked Creek Watershed,
Iron County, Missouri, 37938' N Lat., 91°07° Long.). Characterization
of arthropod food base and habitat was accomplished by critical examina-
tion of 1itter mass, heavy metal and macronutrient content, cation
exchange capacity, and pH. Arthropod trophic level density, biomass,
and heavy metal content were determined by analysis of specimens removed
from 1itter by von Tullgren funnel extraction, taxonomically classified,
and segregated into the trophic categories of detritivore, fungivore,
littergrazer, omnivore, and predator.

The highest concentration of litter Pb, Zn, Cu, and Cd occurred in
02 Titter. Mean values of 103000 ppm Pb, 4910 ppm Zn, 6080 ppm Cu, and
179 ppm Cd were found in samples coliected 0.4 and 0.8 km from the
smelter. These elevated concentrations were strongly correlated (P<.01)
with an accumuiation of undecomposed 02 material. The mean annual 07
massimz found 21.0 km W of the smelter (control area) was 1030+126 (SE)

gfmz as compared to 2198+201 (SE) and 1765+142 (SE) g/m2 for the 0.4 and



0.8 km sites, respectively. The mean annual mass of 01 material did not

differ significantly throughout the study area, but varied about a mean
of 433+29 (SE) g/m2 (ranging from 120 to 480 g/mz). Mean annual 01 mass
at the control area was 471+34 (St) g/mz.

Changes 1in litter decomposition were reflected in the dynamics of
the Titter arthropod community. Reduced values of tota?! arthropod
density (no/mz) anda biomass (mg/mz) occurred simultanecusly with elevated
concentrations of litter heavy metals. This reduction in total arthropod
biomass and density was governed by a decrease in biomass and density of
the predator, detritivore and fungivore populations. In addition,
measurements of arthropod richness, an estimate of maximum diversity,
revealed that 1itter arthropod populations at heavily contaminated sites
were less rich in taxa (family) than were those located elsewhere on the
watershed.

Food-chain dilution of Pb, Zn, Cu, and Cd from Titter to Titter
consumer was occurring, as indicated by the mean concentration factors
of 0.07+0.02 (Pb), 0.64+0.15 (Zn), 0.38+0.10 (Cu), and 0.34+0.05 (Cd).
Accumulation of Pb by litter consumers was much less than that found for
the other three heavy metals. In contrast, predatory arthropods on
Crooked Creek Watershed either concentrated or equilibrated with respect
to Pb, Zn, and Cd from their prey., as indicated by mean total predator
concentration factors of 1.16+0.29 (Pb}, 1.27+0.14 (Zn), and 1.27+0.02
(Cd). Of all four heavy metals, only Cu appeared to be diluted by food-
chain transfer from prey to predator (X = 0.6710.10).

Measurements of fresh foliage and Titter macronutrient concentra-
tions and litter macronutrient pools indicated that forest-nutrient
dynamics on Crooked Creek Watershed were seriousiy disturbed. A signi-

ficant depression (P<.05) of the Ca, Mg, and XK content of 01 and 02

Vi



Titter occurred relative to the control within 0.8 km of the stack. Two

mechanisms were postulated to explain this result:

(1) Increased leaching of cations through the litter induced
by a loss of cation exchange capacity, a decrease in pH,
and a decrease in microbial immobilization of macronutrients.

(2} A decreased uptake of macronutrients due to root damage
produced by heavy-metal concentrations. The result would
be a reduced annual macronutrient input from litterfall.

A loss in Titter cation exchange capacity and reduction in fresh-foliage
macronutrient content was measured on the Crooked Creek Watershed. An
accumulation of macronutrient pools in 02 Titter also existed between

1.2 and 2.0 km of the smelter.
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INTRODUCTION

Lead presently occurs as a global poliutant {Committee on Biologic
Effects of Atmospheric Pollutants, 1972) but few references are
available documenting the effects of Pb sources on litter arthropods.
Pretiminary evidence exists to suggest possible transfer of alemental
Pb through plant-harbivore-carnivore food webs from roadway "Tine
sources” (Giles, et al., 1973; Rolfe et ai., 1974). No study yet
published has attempted to document such biological transfer within a
litter system, although it has been shown that litter-grazing isopods
cotlected from roadside ditchbanks contain significantly elevated
concentrations of Pb relative to values found in predaceous spiders or
opilionids (Witliamson and Evans, 1972). As no heavy metal analysis
of the decaying vegetation was made, concentration factors could not
be calculated from Williamson and Evans' data. In contrast, no differ-
ence could be detected in distribution or abundance of identical taxa
found at sites ranging in total soil-Tead content from 70 ppm (roadway
ditchbank) to 19000 ppm (overgrown lead-mine spoil heaps) (Williamson
and Evans, 1973). However, neither tissue-lzad nor Tittev-substrate
tead analyses were performed.

It is well known that the seasonal uptake of nutrients in decidu-

W

ous forests depends upon mineralization of 1iftter by saprovore popula-
tions (Ovington, 1960; Witkamp and Ausmus, 1975). 1t 1s also known
that Titter can serve as a heavy wmetal reservoir by chelation or cation
exchange processes (Ruhling and Tyler, 1973; Hirst, et al., 1961).
Because disruption of decomposition can affect the forest ecosystem by

accelerated nutrient losses and reduced mineralization rates (Tyler,



1972), examination of heavy-metal effects on the litter community is
important in fully understanding basic ecosystem brocesses.

In unperturbed ecosystems, arthropods of the 1itter community act
as "catalysts of microbial metabolism" (Macfadyen, 1963) in the decom-
position processes. Passage of litter through the arthropod gut pro-
duces a substrate favorable to microbial decomposition via fragmentation
and chemical alteration (Nicholson, et at., 1966; van der Drift and
Witkamp, 1960; McBrayer and Reichle, 1971). Such substrate modification
supports the hypothesis that these animals may act as decomposition
rate regulators (McBrayer, 1973).

Dispersal and growth of microorganisms is also aided by the
physical presence of arthropods. Inoculation of litter substrate can
occur from spores transported on spines, setae and appendages (Szabo,
1974; Witkamp, 1960) or in fecal deposits (Macfadyen, 1968). Micro-
habitats for bacterial and fungal multiplication are produced by
arthropod burrowing activities (Szabo, 1974).

In short, litter arthropods and decomposer microorganisms are
inseparably linked in the breakdown of non-living plant material. Any
perturbation uncoupling the close associations in the decomposer
community will have an effect on the release of nutrients from litter.

The primary objective of the present study was to determine the
degree to which lead can be biologically transported by the principal
arthropod food chains present in a forest-floor litter community
subjected to heavy-metal contamination. To accomplish this goal, it
was also necessary to physically and chemically characterize the litter

habitat.



The study area chosen was a southeastern Missouri watershed receiv-
ing stack emissions and fugitive source dusts originating from an
adjacent primary lead smelter operated by the AMAX and Homestake Smelting
Companies since 1968. The watershed is unique in that the woodland
gcosystem is largely intact, having sustained little damage due to the
extensive lumbering, burning, and soil erosion that characterizes many
other smelter sites (Jordan, 1971, 1973, 1975; Witkamp et al., 1966).

In addition, periodic monitoring of smelter emissions deposited on the
watershed has been made since 1971 (Wixson et al., 19725 Wixson, 1974).
Due to the presence of heavy metals other than Pb in source dusts,

all samples were analyzed for Zn, Cu, and Cd as well as Pb to examine

for possible synergistic or additive effects on biological transport,



MATERIALS AND METHODS

Study Area

The study area is a 466 ha. watershed located in the Clark
National Forest, Iron County, Missouri (37038' N lat., 91°07° Long. )
(Fig. 1). Named for its main drainage, Crooked Creek Watershed (CCW)
lies on the now deeply dissected remnants of the Salem Plateau. local
topography (Fig. 2) is characterized by hills alternating with steep
valleys (Schwarz and Schwarz, 1952). The second-growth canopy species,

black oak (Quercus velutina Lam.), white oak (Q.

red oak (Q. borealis Michx.), post oak (Q. stellata Wang), and black-
jack oak (Q. marilandica Muenchh), provided 74+5% (SE) of the total

canopy biomass. Shortleaf pine (Pinus echinata Mill.) provided

16+6% of the total canopy biomass (Dixon, 1974).

Watershed soils were thin, stony, limestone-residual, cherty
silt Toams. Ridgetops possessed a Lebanon soil type with a 5-8 cm
fragipan; slope soils were dominated by cherty silt Toams of the
Wilderness (40%) and Ciarksville (25%) series. Valley floors were
occupied by alluvial Razort and Ashton soils (Kickbush, 1975).

Soil Conservation Service data from neighboring Dent County
indicated a mean annual rainfall of 106.7 cm with 31% of the precipi-
tation received in the spring (March-May), 51% in the summer (June-
August) and fall (September-November), and 18% during the winter
(December-February). Mean temperatures in Dent County ranged from
0.6°C in January to 25.5%C in July. There were an average of 177

frost-free days per year (Gilbert, 1971).
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Crooked Creek Watershed has been subject to intermittent grazing by
cattle, sheep, and hogs both prior to, and following, purchase by the
U.S. Forest Service for inclusion in the National Forest System in the
1930's (Wright, 1974). Although the original Forest Service management
scheme called for multi-purpose use, the area has become the site of
lead/zinc mining, milling, and smelting activity since the discovery of
rich deposits near Viburnum (8 km N of CCW) in 1955. The "Viburnum
Trend" is now acknowledged to be the Targest and vichest known lead
deposit in the world (Missouri Division of Geological Survey and Water
Resources, 1971, 1974).

A number of heavy metal sources exist near Crooked Creek Watershed.
AMAX Lead Co. of Missouri, in cooperation with Homestake Mining Co., has
managed a primary lead smelter at the apex of the triangularly-shaped
watershed since 1968. A mine-mill complex operated by COMINCO American
transports Pb, Zn and Cu concentrate along the St. Louis-San Francisco
railway forming the northeastern boundary of the watershed (Fig. 2).
Until 1974, Toaded railroad cars were not covered, and their dry contents
were readily blown into the study area (Wright, 1974). Exposed piles of
Cu concentrate adjacent to the railway also serve as source areas.

Thus, both point sources (smelter stack emissions) and fugitive sources
(ore~handling processes, yard dusts, and exposed concentrate piles)

contributed to the heavy-metal Toad on the watershed.

Sampling Procedures

Location of Study Plots

Seasonal means of wind-rose patterns were used to develop a field

sampling grid on directional transects originating from the base of the



smelter stack (Fig. 3). In accordance with United States Forest Service
permanent plot inventory procedures, 0.04 ha (0.1 A) study plots (Fig. 4)
were established at 0.4 km (0.25 mi) intervals along each transect

(Clark National Forest, 1972). The one exception was the placement of
the third plot on the NE transect 100 m from the second. The location
of the St. louis-San Francisco railway along the eastern ridagetop
boundary prevented the location of this site exactly 1.2 km from the
stack base.

A grid incorporating 32 sites on 7 transects was employed during
initial sampling in September and December, 1973. Results from these
sampling periods indicated that no significant differences in heavy
metal content or litter mass exist between not only the 1.6 and 2.0 km
sites, but also between the WNW-NW, NNW-N, and NNE-N transects. A
refined grid incorporating 15 sites on 4 transects was used for the one-
year (1974} field sampling reported in this study (Fig. 4).

A tree, conspicuously marked with flagging tape and an aluminum
identification tag, designated the center of each 0.04 ha study plot.
The slope and aspect of each plot were measured with a Haga altimeter
and surveyor's compass. Elevation measurements were derived from
altimeter readings corrected for barometric pressure fluctuations by
periodic monitoring at several U.S.G.S. benchmarks in the area. A plot
summary of Tandscape characteristics and dominant overstory species is

given in Table 1.

Litter Sampling and Initial Processing

The Soil Science Society of America recognizes two 1itter horizons,

01 and 02. Plant material of the 01 layer has retained its original
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Table 1. Landscape Characters and Dominant Vegetation of Crooked
Creek Watershed Study Sites.

Site* Slope  Aspect Elevation Dominant Species
(km) (%) (%) (m)
W 0.4 12.5 240 422.7 Quercus stellata Wang

Q. marilandica Mueunchh.

W 0.8 11.5 126 418.5 Q. alba L.

Pinus echinata Mil11.
W 1.2 5.5 53 403.5 veluting Lam.
stellata
alba

W 1.6 10.5 266 414.8 alba
stellata

veluting

LeP

NW 0.4 7.5 290 401.7 Q. alba
Q. coccinea
Q. velutina

NW 0.8 11.5 40 398.9 3. borealis Michx.
Q. stellata
Q. velutina

NW 1.2 .5 40 390.1 R. stellata
Q. veluting
Carye texana Buckl.

HW 2.0 0 0 382.8 Q. stellata
C. tomentosa (Poir.)
Crataegus SPP.
Juniperus virginiang
Saliz spp.

N 0.4 18 290 423.0 Q. alba

6. velutinag
N 0.8 9 290 421.5 . velutina
N 1.2 24 65 392.5 G. alba

. korealis

N 2.0 7 270 401.7 Q. alba
Q. stellata
6. velutinag
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Site* Stope  Aspect Elevation Dominant Species
(ki) (%) (9) (im) B
NE 0.4 11 310 4313.0 6. alba
0. velutina
NE 0.8 12 270 417.9 Q. alba
Q. borealis
NE 1.2 24 65 397.5 Q. alba
W 10.5 11.5 185 384.7 Q. marilondica
(secondary control) §. stellota
Q. velutina
C. tomentosa
W 16.4 8.5 330 424.0 4. alba
(secondary control) Q. velutina
C. texana
W 21.0 9.5 120 395.6 0. stellata

(control)

Q. velutina
Carya ovalis (Wang.

*See Fig. 4
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conformation. Material of the (2 layer is fragmented and no longer
recognizable as to species or origin (Black, 1965). 1In the present
study, four replicate samples of both Titter hovrizons were randomly
collected at each watershed site and at one control site 21.0 km west
of the smelter area during March, June and September of 1974 and January
of 1975, Each pair of samples included all Titter within a 0.1 m2 area.
To reduce edge effect and facilitate cutting through leaves and stems,
a circular frame of stainless steel with a sharpened edge was used
(Medwicka-Kornas, 1971; McBrayer et al., 1974). Additional collections
were made at 10.5 and 16.4 km west of the smelter area in September
and January to establish a measure of the gradient in Titter mass/mz
with distance. The September samples were collected prior to leaffall.
In 1974, leaffall occurred in mid~October {Drobney, 1974).

Following transport to the laboratory and extraction of arthropods,

the Titter was hand-sorted to remove rock, oven-dried at 100°C to con-

stant moisture, and weighad tc the nearest 0.1 gm.

Arthropod Sampling and Initial Processing

Field~collected Titter was placed into polypropylene bags and
transported to Oak Ridge National Laboratory in styrofoam coolers
packed with ice to maintain SOC, a storage temperature suitable for
arthropod survival {Edwards and Fletcher, 1971). Samples were held

at 5°C in controlled-environment chambers at the Taboratory (7-10 da)

until arthropods could be removed by 72-hour von Tullgren funnel extrac-
tion. Arthropods were collected in an aqueous solution of 70% ETOH and
5% glycerin, identified, and stored in 70% ETOH for further processing

{Macfadyen, 1955, 1962).
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A1l preserved arthropods, except Acarina, were classified Lo family
and enumerated by taxon and replicate per site for later analysis. An
adequate measure of Acarine population density and biomass in a natural
and was therefore not attempted in the present research. To prevent
difficulties arising from attempting to dry specimens stored in dilute
alcohol containing glycerine, specimens were transferred from the von
Tullgren vials to holding vials containing 70% ethanol only. Samples
were then dried in these latter containers. Average dry weights of
each lifestage of every taxon found on Crooked Creek Watershed were
calculated from individual determinations of 4-20 specimens dried at
70°C for 24 hours and weighed to the nearest 0.00001 g. Literature
documentation was used to segregate taxa into the trophic categories
detritivore, fungivore, littergrazer, omnivore, and predator (see

Appendix A).

Analytical Procedures

Heavy Metals

Subsamples of each litter replicate were ground to #20 mesh
fineness in a Wiley mill and wet-digested by treatment with 1:1 HNO3/
HC10,4 (Smith, 1953; Analytical Methods Committee, 1960; Gorsuch, 1962).
Upon attaining complete digestion, each sample was suspended in 1 N HCI,
heated at 100°C for 10 minutes, filtered through #40 WhatmanR paper,
and analyzed by atomic absorption spectrophotometry for total Pb, Cd,
In, and Cu content. Analytical grade readents were used. A1l prepara-
tion methods and analytical procedures were monitored periocdically uti-

1izing coded blanks and a NBS-SRM-1571 standard (orchard leaves).



Analytical results for the standards were accurate to within one
standard error of the mean.

Dried arthropoeds of individual trophic Tevels from each of two
randomly selected replicates were pooled across season and horizon,
and dry-ashed for 24 hours at 480%¢ - a temperature which prevents lead
volatilization (Gorsuch, 196Z). The remaining ash was suspended in
0.1 NAHNO3 and allowed to stand undisturbed for 24 hours at rcom tem-
perature. The decant was analyzed for total Pb, Cd, Zn, and Cu content
by graphite furnace atomic absorption spectrophotometry. Monitoring of
preparation and analytical procedures was performed frequent?y using
coded blanks and NBS5-SRM-1577 standard (bovine liver) as previously

discussed for Titter samples.

Chemical Characterization of Litter

Approximately 1.0 g samples of dried, ground Titter collected from

the NW transect were dry-ashed overnight at 550°C.  Five m1 of concen-

trated HNO3 were added to the ash and samples were boiled to dryness.
Exactly 50.0 m1 of 1.0 N HC1 were added to the residue, and any undis-
snlved residue was allowed to settle to the bottom of the container.

An aliquot of each sample was analyzed by atomic absorption spectro-
photometry for total elemental Ca, Mg, and K. #Phosphorus was determined
by the automated TechniconR method (Lundgren, 1960;.

Litter cation exchange capacity (Francis and Grigal, 1971) was

85

prect

determined using 25 ml of T N SrC?Z in a suspension of 1.0 g ground

Titter. The suspensions were shaken overnight, centrifuzged, and

decanted. The litter was then sequentially washed with 25 mi each of

the following solutions: distilled water, a 50:50 mixture of ETOH and
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distilled water, and 2 washes in 95% ETOH. The washed litter was
subsequently radioassayed for 855r using an automated gamma spectro-
meter. The cation exchange capacity was calculated by the number of
SSSr eguivalents retained (adsorbed) per gram of litter.

Litter was prepared for pH analysis by suspending 1 g Titter in
10 m1 distilled water followed by an overnight equilibration. Determi-
nations of pH were made using a Corning Model 110 meter with a combina-

tion electrode (Jackson and Watson, 1976).

Arthropod Diversity Measurement

Community diversity is generally thought to be directly correlated
with system stability (Price, 1275; Odum, 1971). To gain some measure
of stability in Crooked Creek MYatershed, all arthropod data was sub-
jected to diversity analysis.

Diversity of animal or plant taxa within an ecosystem is a measure
of its heterogenity. As such, it is composed of two elements: the
richness of taxa {total number) and their equitability (evenness of
abundance) (Peet, 1974; Price, 1975). A commonly used diversity
measure is the Shannon-Weaver Index (H') where

S
H' = iE1 s Tn p; (1)
for p; the proportion of total individuals of taxcn i with s the

total number of taxa (Shannon, 1948). Evenness, J', can be estimated

from
H! oo
IVt Wmax T TR 2)

for S equaling the total number of taxa present (Pielou, 1966;

Price. 1975).
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Arthropod data, classified to family (see Appendix B) were used
to calculate H', J', and richness for each site. The standard deviation
of H' was estimated by Hutcheson's approximation method {(Hutcheson,

1970).

Arthropod Population Density and Biomass

Food-web interactions among Titter~dwelling arthropods of the
forest floor are intricate, and investigators studying this community
have made simplifications of the complex processes involved in Titter-
system function (Szabo, 1974). One often-used simplification is the
segregation of organisms according to their feeding habits, or trophic
levels. In a previous study of arthropods occupyving the mesic deciduous

-
forest fioor, ]“]Cs_tagged Titter was successfully used to delinsate

four trophic Tevels dincluding 1ittergrazers, fungivores, detritivores,
and predators {McBraeyer and Reichle, 1971). These 4 categories, with
the addition of an omnivere level, were ysed in segregating Crooked
Creek Watershed arthropeds following taxonomic classification and
enumeration (Appendix A and B}. Omnivores are scavengers and include
syganisms that feed upon plant and animal material that has not vet

undergone chemical or physical change through decomposition (Hanson,

Price, 1975). Altered organic material (detritus) serves as an

st

enargy base for the group classifiad

[«
W

detritivores (Odum, 1977;

McBrayer et al., 1974). In the present study, determinations of food
preference within each 1ife stage and faxon were made by consulting

refarence works that incorporated direct cbsarvation, qut ana

radionuctide tracer analysis as methods of studving trophic ralation-

ships., Documentation included Borvor and De Long, 7964; Borror and
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White, 1970; Comstock, 1940; Chu, 1949; Hoff, 1949, Jaques, 1951;
Kaston, 1972; Levi et al., 1968; McBrayer and Reichle, 1971; McBrayer
et al., 1974; Peterson, 1956; Price, 1975; Ross, 1965; and Szabo, 1974).
Two additional categories were created to organize groups for which
no feeding preference could be found in the Viterature (“"unknown") or
no morphological development occurred on the forest floor ("accidentals").
This Tatter class was not incorporated into any data analysis procedures
and included insects that were either foliage, seed, stem, or bole
feeders from the canopy or ronot feeders from the s0il. The occurrence
of a forest fire in 1969 (Wright, 1974) disrupted the litter arthropod
community at 2 sites on the N transect, and data from this transect were

deleted from the study.

Statistical Procedures

Litter mass, heavy metal concentrations, and heavy metal pools
were analyzed as a 4x3x4x2 factorial analysis of variance {ANOVA) repli-
cated 4 times. Experimental classes included 4 seasons, 3 transects,

4 distances, and 2 horizons. Values from the NE transect {see Figs. 7
to 10) were analyzed separately from the mair design due to the con-
founding treatment of ore-concentrate dusts blown into CCW from the
railway. All main effects and interactions were tested for signifi-
cance (Snedecor and Cochran, 1967).

Chemical characterization data gathered for the NW transect were
subjected Lo a 4x5x2 factorial ANOVA design replicated 3 times. Classes
for this analysis were 4 seasons, 5 distances (0.4, 0.8, 1.2, 2.0, and
21.0 km), and 2 horizons. Again, all main effects and interactions

were tested for significance.
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Mean comparison testing of Tlitter standing crop, ash, heavy metal
concentrations and heavy metal pools by season and horizon was performed
using Duncan's New Multiple Range Test (Duncan, 1951; Steel and Torrie,
1960).

Prior to regression analysis, arthropod biomass and density and
litter mass data were transformed by the following normalization func~

tion (Natrella, 1963):
y = 1In (x + .5) (3)

Use of this function also has a variance~stabilizing effect, thus
allowing application of Tinear regression models to the transformsd
data (Natrella, 1963). Significance testing was accompanied using

standard formulae (Draper and Smith, 1966; Steel and Torrie, 1960).



RESULTS AND DISCUSSION

Crooked Creek Watershed Litter

Litter Mass

Values for 01 litter mass on Crooked Creek Watershed ranged from
480 g/m2 to 120 9/m2 (Fig. 5) and were comparable to the annual litter
production of 349 g/mz/yr found by Rochow (1974) 1in a central Missouri
oak-hickory forest, and the Warm Tempevate Forest mean of 360 g/mz/yr
derived by Bray and Gorham (1964). As data for all seasons studied
in 1974 demonstrated trends similar to those in Fig. 5, September was
chosen to illustrate Titter mass/mz following summer decomposition but
prior to leaffail. Thus, data from the autumn sampling period should
demonstrate conservative estimates of both 01 and 02 Titter mass. No
significant differences in 01 mass ameng the 15 watersned sites were
detected by Duncan's New Multiple Range Test {Table 2).

An accumulation of 02 Titter (fragmented material no longer recog-
nizable as to species or origin) was evident at sites near the smelter
complex (W 0.4 km, NW 0.4, N 0.4, NE 0.4) (Fig. 5, Table 3). Maximum 02
Titter mass/m2 for September occurred at the N and NE 0.4 sites, with
values of 2980 and 2590 g/mz, respectively (Table 3). The 02 Titter
mass from sites on the NE transect was apparentiy not affected by the
same distance-dependent source producing accumulations near the smelter,
because 02 mass at NE 0.8 and 1.2 are not significantly different from
that found at the 0.4 km sites on the W, NW, and N transects (Table 3).

In general, a decline in 02 litter mass occurred as distance froir.

-~ ~

the smelter complex increased (Fig. 6). Although this relationship was

20
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Table 2. Seasonal means of 01 titter mass analyzed by Duncan's New Multiple Range Test. Means
followed by the same letter are not significantly different at the 5% Jevel {Duncan, 1951;
Steel and Torrie, 1960).

March, 197¢ [g/m?) June, 1974 {g/m?) September, 1974 January, 1975
Site Mean Duncan Site Mean Duncan Site Mean duncan Site Mean Duncan
Gemy  (x 102} fkm)  ix 10%) (im)  {x 10%) (km)  (x 30%)
NE .4 T11.8 A NE C.4  11.6 A W 1.6 4.8 A W 0.4 6.5 A
N 0.4 7.4 A8 W G.8 10.5 A W 0.8 3.9 A NE 0.8 5.5 A
NW 2.9 5.4 RB N 0.4 9.2 A W C.4 3.2 A W 1.2 5.2 A
W 3.2 5.0 A3 NW 2.0 9.5 A NW 1.2 3.1 A NE 1.2 5.1 A
W C.8 4.7 AB W 1.6 7.8 A No2.0 2.9 A W 10.4 4.8 A
W 1.2 4.6 AB MW 1.2 5.8 A N 0.8 2.8 A Wo1.5 4.6 A
W 1.5 4.5 48 NE 1.2 5.9 A Wo1.2 2.7 A N 0.8 4.5 A
N 2.0 4.3 ABE ME O.8 5.6 A W 21.0 2.7 A W 0.8 4.9 A
¥ 21.¢ £.2 AB NW C.8 5.4 A W 16.3 2.6 A NE 0.4 3.8 A
NW 0.4 4.1 AB W 0.4 5.4 A N 0.4 2.5 A W 16.3 3.8 A
M O.8 4.0 AB AW O.4 5.2 A NWO .4 2.5 A N 2.0 3.7 A
No1.2 3.5 AB N 0.8 5.1 A NE 0.4 2.1 A NW 0.8 3.5 A
NE 1.2 3.4 AB N 2.0 4.5 A NW 0.8 2.0 A W 231.0 3.5 A
NE 0.8 3.1 3 W 21.0 4.4 A W 10.4 2.0 A N 0.4 3.2 A
W 0.4 2.5 B W %2 3.8 A [ 1.4 A N 1.2 3.2 A
N 0.8 2.2 B NO1.2 3.1 A NE 0.8 1.4 A MW .2 3.1 A
NE 1.2 1.4 A NW 0.4 2.7 A
NW 2.0 1.2 A NW 2.0 2.5 A

¢e




Table 3. Seasonal means of 02 litter mass analyzed by Duncan's New Multiple Range Test. Means
followed by the same letter are not significantly different at the 5% Tavel {Duncan, 1951,
Steel and Torrie, 19603}.

March, 1974 (g/m?) June, 1974 (g/m?) September, 1974 January, 197%

Site Mean Duncan S5ite Mean Duncan Site Mean Duncan Site Mean Duncan
{km)  {x 10%) (km)  (x 10%) (km) (x 10%) (km)  (x 10%)
N 0.4 27.1 A NE .8 30.5 A N ¢.4 29.8 A NE 6.4 43.2 A
NEOC.4 25.0 AB NE 1.2 22.8 B NE C.4 25.9 AB NE 0.8 34.0 B
NHOo.8  21.4 ABC N 0.4 22.4 8 NE 1.2  22.6 AB W 0.4 33.0 B
NE 0.8  20.6 ABC N 1.2 21.6 B W'o.4 22.2 AB N 0.4 28.5 BC
W o.8 19.9 ABC N 2.0 20.1 BC M 1.2 21.0 BC NE 1.2 26.6 BCD
N 0.8 19.9 ABC NE©O.4 18.7 BCD NE ¢.8 20.7 BCD N 0.8 26.6 BCD
NE 1.2 17.5 BCD NW 0.8 18.2 BED NW 0.4 20.4 BCDE NWO.4 24.4 CDE
N 1.2 7.3 BCD W 1.2 18. BCD N 2.0 19.4 BCOEF NWo.8  21.3 CDEF
W 1.6 17.2 BCD W 1.6 16.5 BCDE N 1.2 18.3 BCDEFG NW 2.0 20.8 CDEFG
N 0.4 16.6 BCO NwW 2.0 15.5 BCDE NWO.8  17.9 BCDEFG NW 1.2 20.0 DEFG
NW 1.2 16.0 oy W 0.4 14.9 BCDEF N 0.8 17.7 BCDEFG W 1.6 19.6 DEFG
N 2.0 140 ] NW 1.2 12.6 CDEF NW 2.0 17.5 BCDEFG W 1.2 15.0 BEFG
MW 2.6 13.6 ¢h ¥ 0.8 11.4 DEF W 0.8 13.1 CDEFGH N 2.0 18.5 DEFG
W 1.2 13.6 cb NWO.4 1.1 DEF W16.3 12.3 DEFGH N 1.2 18.1 EFG
W 0.4 13.3 £D N C.8 8.4 EF W21.0 12.2 EFGH W 0.8 16.0 EFGH
W 21.0 9.1 D W 21.0 7.2 EF W1i0.4 11.8 FGH W16.3 12.9 FGH

¥ 1.6 18.6 GH W21.0 2.5 FGH

H 12.4 H

=
=
<
=
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most apparent for the Fall and Winter sampling periods, there was a
consistent and significant accumulation on all watershed sites (1818+
534 (SE) g[mz) when compared with the primary control sites (1208+328
(sg) g/mz}, No significant differences in mean 02 1itter mass existed
between the primary and secondary control plots (Table 3). Thus, primary
control values were assumed fo represent the unperturbed condition for
the area.

For the duration of the study., watershed 01 mass/m2 (433+29 (SE)
g/mz) did not vary significantly with time or distance (Fig. 6)}. In
contrast, control O1 litter massjm2 fluctuated about the mean of 350+35
(s£) g/m2 (Table 2), which compared favorably with literature values for
the forest type under study (Rochow, 1974; Bray and Gorham, 1964).
However, it should be noted that the mass of 01 Titter on Crooked Creek
Watershed and the control sites were not found to be significantiy
different from one another.

To determine if Titter mass determinations on the watershed had
been biased by deposition of fugitive particulates from the stack, ash
determinations were made from subsamples of material collected on the NW
transect (Table 4). Duncan's analysis indicated no differences in
Titter ash content exist for either Titter horizon. In addition, the
range of ash values (5.3-19.1% for 01 and 20.8-62.5% for 02) compared
favorably with those of other deciduous forest studies (Reiners and

Reiners, 1970; McBrayer et al., 1974; Henderson, 1971).

Litter Heavy Metal Content

The highest concentrations of all four elements occurred in 02

material, where heavy metal values are 1.5 to 2 times greater than
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Table 4. Seasonal Mean ash content (% dry wt) of Crooked Creek
Watershed litter, Orne standard ervor in parentheses
(n=3). The NW transect was chosen as representative
of the watershed.
SPRING SUMMER FALL WINTER
Mean Mean Mean Mean
Site Horizon  Ash Content  Ash Content  Ash Content  Ash Content
(km)_ -
NW 0.4 01 15.6 ( 3.2) 19.7 ( 3.2) 14.0 {3.9) 9.1 (0.7)
07 58.6 ( 4.8) 43.9 ( 4.5) 35.7 (3.3) 32.0 { 6.6)
NW 0.8 01 5.6 ( 0.2) 6.6 ( 0.2) 10.3 (1.3) 5.6 ( 0.6)
02 36.2 ( 3.0) 31.6 ( 4.1) 31.8 (3.7) 42.2 (11.6)
NW 1.2 01 7.5 ( 0.3) 7.8 { 0.4) 10.6 (0.7) 7.3 (1.7)
02 62.5 ( 4.5) 54.0 (13.5) 49.2 (1.1) 40.4 (14.6)
N 2.0 01 18.3 (10.0) 6.8 ( 0.4) 14.6 (3.3) 5.3 ( 0.3)
02 61.4 ( 5.7) 20.8 ( 1.1} 36.9 (4.5) 39.3 ( 8.4)
W21.0 01 5.3 ( 0.2) 6.5 ( 0.5) 7.2 (0.3) 5.2 ( 0.1)
(control) 02 27.5 ( 5.5) 33.9 (10.7) 25.7 (4.6) 27.0 ( 2.2)
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those found in 01 Titter (Watson, 1976) (Figs. 7-10). Such accumula-
tion in Titter and humus is thought to be governed by passive exchange
between heavy metal ions occurring in precipitation and foliage leachate
and the macronutrient ions normally bound to negatively charged organic
groups (Ruhling and Tyler, 1973; Tyler, 1972). Excepting NE transect
results, Crooked Creek Watershed Tead content of 02 litter can be segre-
gated according to distance: all 0.4 km values were not different from
each other but were different from those found on the rest of the water-
shed. Groups of means for the remaining distances graded into one
another through the controls. Control values did not differ from the
1.2 km or watershed boundary sites. Similar distributions occurred for
In, Cu, and Cd, although equivalent Cd concentrations were dispersed
over a larger area (Appendix C).

As data for all sampling periods illustrated trends similar to
those in Figs. 7 to 10, September was chosen as a representative season
Lo demonstrate conservative estimates of Titter lead, zinc, copper,
and cadmium content.

Of the 4 metal contaminants found in Crooked Creek Watershed
litter, Pb was the most abundant (Fig. 7). Zinc, the second most
abundant heavy metal, was followed by Cu and Cd (Figs. 8-10). Under
normal operating conditions, particulate stack emissigns from the
AMAX smelter followed the same rank order, i.e., Pb (18510 kg/yr) >
7n (1730 kg/yr) > Cu (830 kg/yr) > Cd (50 kg/yr) (Purushothaman, 1374).
Over 997 of the total heavy-metal concentration found in the entire
lTitter horizon at the 0.4 km sites was due to Pb. This percentage

declined to 93% at the watershed boundary, and was further reduced to
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87.3% at the 21.0 km control site (Watson, 1975). The concentration of
deposited Pb followed the distribution predicted by wind rose patterns
(Fig. 3) in that the greatest concentrations were found on the NW and N
transects (103,000 ppm and 76,200 ppm, respectively). Values exceeding
90,000 ppm were exhibited for the NE transect (Fig. 7), but were a
result of fugitive dust deposition from the railway line source.

With the exception of the NE transect, a steady logarithmic decrease
in concentration with distance from the smelter complex was apparent for
all metals and compass directions (Figs. 7-10). These findings were
consistent with those of other sampling programs measuring heavy metal
deposition with distance from an area source (Roberts, et al., 1974;
Ruhling and Tyler, 1973), and were a result of the particle size distri-
bution of particulate stack emissions (Bondietti et al., 1975).

Storage, loading and transport of Pb, Zn, and Cu concentrate from
the COMINCO milling process have produced large guantities of metal-rich
dusts that are often blown directly into the watershed. Consideration
of these fugitive sources is necessary to properly interpret resuits for
the NE transect displayed in Figs. 7 to 10. Deposition from secondary
sources was especially apparent in the case of copper (Fig. 9). A
steady increase in Cu content of 02 litter occurred with increasing
distance from the stack, and can be attributed to the storage of unecono-
mically recoverable Cu concentrate {4%) in an open bin 20 yards from the
NE 0.8 km study plot. As a result of the confounding effect of secon-
dary sources on these data, these values were not included in figures of
seasonal pooled values and were analyzed separately.

When distance~pooled means of litter Pb, Zn, Cu, and Cd content

are compared, differences in individual metal concentrations of the
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two Titter horizons at each distance increment are not statistically
different from one another (Fig. 11, Appendix D). Means of total litter
(both horizons) heavy metals at 0.4 km differed from all others on the
watershed at the 0.1% Tevel; the 0.8 km values differed from those at 1.2
and 1.6-2.0 km at the 1% level; and 1.2 km values did not differ from

those at the watershed boundary. This gradient was common for all 4

metals.

Least squares multiple linear regression procedures were used to
further evaluate the relationship between 02 litter mass and litter
heavy metal concentrations. The empirically derived regression model
included effects due to season, direction and distance from the AMAX
smelter, litter heavy metal concentrations, and all interactions due
to multiplicative effects.

The model was as follows:

In (Y +.5) = By + 81Xy BoXy F ByXg ¥ ByXy + Boxg * BeXg
ByXg ¥ BypXyXp T oBygXgXg ¥ Bpg¥oXy t BypXyXy ¥
BopXpXp + BygXaXy ¥ BagXeXp * BaeXgXe T BayXeXy ¥
BogXsXs ¥ Boy¥sX7 ¥ BerXe*y T Bga¥eXy T Bss¥s¥s T
PocXe s t Py T e (4)
where Xy ¥ season
x, = direction (transect)
Xy = distance
X, = Pb concentration of 02 Jitter
Xp = In concentration of 02 litter
Xg = Cu concentration of 02 Titter

Xy = Cd concentration of 02 1itter

-
i

Titter mass
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Use of the 23-variable model accounted for 37.1% of the variation
observed within the data. The resulting regression and correlation
statistics are given in Tables 5 and 6.

Application of the backward elimination procedure at P = 0.25, the
significance level for entry, reduced the effective variables to 10;
which accounted for 35.8% of the total data variability explained by the
model (Draper and Smith, 1966). The resulting regression statistics
are given in Table 7.

Significant (P<.01), positive correlation coefficients were
obtained for the first-order variables of season, 1itter Zn, Cu and Cd
concentrations, and the multiplicative interactions of litter Pb x Cd,
Zn x Cu, and Pb x Cu concentrations (Table 6). Thus, high levels of
heavy metals in the 02 litter occurred simultaneously with large values
of Titter mass. The observed effects of accumulated 02 litter were not
due to any single factor, but appeared to be interactions among a complex
of variables.

Because numerous heavy metal sources existed in the New Lead Belt
area (fugitive source dusts, other mines and smelters) (Wixson et al.,
1972 Wixson, 1974), the validity of using selected off-watershed sites
as controls was tested. Comparisons of Titter and Al soil horizon heavy
metal values were made between Crooked Creek Watershed and Walker Branch
Watershed, a relatively undisturbed deciduous forest study area on the
Qak Ridge National Laboratory Reservation, Oak Ridge, Tennessee. Ana-
lytical procedures similar to those used in the present study have been

used to derive Pb, Zn, and Cd content of chestnut oak (Quercus prinus

L.) Titter and the Al soil horizon (Jackson, 1976; Van Hook et al.,

1976) (see Table 8). When these determinations were compared to those
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Table 5. Multiple Tinear regression statistics for Crooked Creek
Watorqnod 02 1itter mass (transforwpd by Egn, 3) (n = 174,
= 3.838, RZ = .370) (g/m?).

23 150

Independent Variable 8, * SE

Intercept 8.021 + 0.379

Season -0.407 + 0.164

Direction 0.723 + 0.917

Distance -0.335 + 1.218

Litter Pb Concentration -2.78x107% + 9.5x107°

Litter Zn Concentration 4.70x107* + 2.46x107"

Litter Cu Concentration -3.51x107% + 3.42¢10"%

Litter Cd Concentration ~-0.00Z + 0.006

Season x Direction Crossproduct 0.129 + 0.187

Season x Distance Crossproduct -0.08% + 0,210

Direction x Distance Crossproduct 7.383 + 6.706

Season x Season Crossproduct 0.099 + 0.0319

Direction x Direction Crossproduct ~3.255 + 3.340

Distance x Distance Crossproduct -4.079 + 3.621

Litter Pb x Zn Concentration ~1.845x1077 + 1.120x107°
Crossproduct

Litter Pb x Cu Concentration -3.468x107° + 2.635x1077
Crossproduct

Litter Pb x Cd Concentration 1.800x10™7 + 1.400x1077
Crossproduct

Litter Zn x Cu Concentration -2.400x1077 + 3.800x107
Crossproduct

Litter Zn x Cd Concentration ~6.000x107% + 5.8x107°
Crossproduct

Litter Cu x Cd Concentration 1.190x107° _J-L_4.220x10"6
Crossproduct

Litter Pb x Pb Concentration 1.219x107 10 i_5.022x]0"11
Crossproduct

Litter Cu x Cu Concentration 1.600x1077 + 1.4x107

Crossproduct



Table 5 (continued)

Independent Variable

37

By + SE

Litter Cd x Cd Concentration
Crossproduct

Litter Zn x Zn Concentration
Crossproduct

-3.794x107° + 5.901x107°

9.000x10”

8

+ 2.900x10°

7
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Table 6. Correlation matrix resulting from multiple linear regression
analysis of Crooked Creek Watershed 02 Titter mass ég/mz,
transformed by Eqn. 3) (n = 174, Fo3 150 = 3.838, R® = .370).
Values in parentheses are significance levels.

Y X1 Xo X3 Xg Xg, X6 X7

Y 1 196 .376 .318 .222 .325 .289 .352
(.01) (.0001) (.00071) .0033) (.0001) (.0001) .0001)

X] 1 .002 .005 .002  -.011 .004 .033

(.979) (.949) .978) (.882)  (.955) .669)
X, 1 .955 .556 .852 .847 .646
- (.0001) .0001) (.0001) (.0001) .0001)

X3 1 .585 .768 .727 .640
.0001) (.0001) (.0001) .0001)

X4 1 .697 .394 .902
(.0001) (.0001) .0001)

Xg 1 .893 Y
(.0001) .0001)

X6 1 .494
.0001)

X 1
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Table 7. Multiple linear regression statistics for Crooked Creek
Watershed 02 1itter mass (g/m?, transformed by Eqn. 3)
and independent variables selected by the backward
e1iminat§on procedure at P = 0.25 (n = 174, F]@ 159 =
6.344, R- = 0.358). ’

Independent Variable Bn + SE

Intercept 8.021 + 0.379

Season -0.442 + 0.157

Litter Zn Concentration 5.4x10"" j_.2,4x10*4

Litter Cu Concentration -3.0x107% + 2.2x107"

Litter Cd Concentration -6.2x107° i.3.5x10'3

Season x Season Crossproduct 0.101 + 0.031

Litter Pb x Cd Concentration 1.4x1077 i_0.4x]0—7
Crossproduct

Litter Zn x Cu Concentration -1.5x1077 j_0.7x10_7
Crossproduct

Litter Pb x Cu Concentration ~3.46x1077 + 2.635x107°
Crossproduct

Litter Cu x Cu Concentration 1.2x107 j_0.5x10_7
Crossproduct

Litter Pb x Pb Concentration 1.219x10710 + 502257071

Crossproduct
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of the CCW controls, there was no significant difference between values
for Cd and Zn in either litter horizon (Table 8). Apparently, particu-
lates responsible for the Zn and Cd values found on Crooked Creek Water-
shed did not occur in significant quantities at 21.0 km west of the
smeliar area. In contrast, lead values at Missouri control sites were 8
"o 17 times greater tnan the Tennessee values. When soil comparisons
wore made, the 7Zn content of Walker Branch Watershed soil was greater
than tha* of Crooked Creek Watershed soil by a factor of 4. Soil Cd and
Y content did not differ significantly between the two study areas.
Vissouri control-site Pb concentrations may be due to either the
nresence of particulates different from those responsible for Crooked
Creek Watershed Pb or the occurrence of a subterranean Pb mineralization
beneath the tree roots. Metals are known to accumulate in ground water
around ore-bearing deposits and can be detected by chemical analysis of
above-ground vegetation. Good correlations between plant and soil Pb

content over lead mineralizations have been obtained (Cannon, 1960).

Litter Heavy Metal Pool

The available heavy-metal pool in Crooked Creek Watershed litter
was calculated by muitiplying measured values of Pb, Zn, Cu, and Cd
litter content with the corresponding Titter mass/m2 at each site.
Means of September Titter heavy metal pools analyzed by Duncan's New
Multiple Range Test are given in Tables 9-10. Seasonal variation in
amplitude occurred, but trends due to distance and direction were
consistent with those in Tables 9-10.

Available metal pools in 01 Titter exhibited the same distribution

displayed by 01 litter mass for each sampling perind, i.e., no
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Table 8. Comparison of Pb, Zn and Cd concentrations (ppm) in
Walker Branch Watershed (WBW) and Crooked Creek Water-
shed (CCW) leaf 1itter and soils.

Site Horizon Pb in cd
WaH ! 01 litter 27.0 42.0 .42
02 litter 51.0 110.0 81
Al soil 13.7 21.7 10
cow? 01 Titter 455.0 68.8 1.65
(21.0 km site) 02 litter 398.0 1.4 257
Al soil 13.8 5.0 123

]Data taken from Van Hook et al., 1976 (Fullerton soil on

WBW) (n]itter =72, n = 2).

5011

Zhata taken from present dissertation (September) and

Jackson, 1976 (nlitter = 16, Nl = 1).



Table 9. September means of 01 heavy metal pools analyzed by Duncan's New Muitiple Rapge.Test. ~Means followed
by the same letter are not significantly different at the 5% level {Duncan, 1957; Steel and
Torrie, 1960).

Pb Pool (g/m?) Zn Pool (g/m?) Cu Poo]l (Q/mz) Cd Ponl (g/m?)
Site Mean Duncan Site Mean  Duncan Site Mean  Duncan Site Mean  Duncan
(km) (k) {km) {km)

MW $.4 156.21 A NE 0.4 .48 A NE 0.8 .37 A NW G.4 .03 A
N 0.4 12.27 A N 0.4 &2 A NE 1.2 .35 A N C.4 .02 A
N 0.4 10.80 A N Q.4 .37 A N 0.4 .25 A W 0.4 .02 A

NE 0.4 9.23 A W 0.4 .30 A NW 0.4 .22 A NE 0.4 .02 A

N 1.2 3.70 A NE 1.2 .22 A NE 0.4 .21 A W 0.8 .01 A
¥ 0.8 3.68 A W 0.8 9 A W 0.4 213 A NW 1.2 .01 A
sy 0.8 3.56 A NE 0.8 .19 A NW 1.2 .G8 A N 0.8 LG A

NW 0.8 3.54 A MW 1.2 .16 A NW 0.8 .07 A N 0.8 01 A

NE 1.2 3.52 A N 0.8 .15 A N 0.8 .06 A W 1.6 .01 A

NE 0.8 3.38 A NW 0.8 14 A W 0.8 .06 A W 1.2 H A
Wo1.2 2.23 A W 1.5 .12 A N 1.2 .0k A NE 0.8 .07 A
NOT.2 2.01 A 1.2 L3 A N 2.0 .06 A NE 1.2 .01 A
W 1.6 1.91 A 2.0 0 A W 1.6 .04 A N 2.0 .00 A

2.0 7.82 A 1.2 .10 A Wo1.2 .03 A NoOT.2 .00 A

NW 2.0 1.06 A NW 2.0 .04 A NW 2.0 .02 A NW 2.0 .00 A
W 0.4 .03 A W 21.0 .01 A W 10.4 .00 A W 10.4 .00 A
W 21.0 .02 A W 16.3 .01 A W 21.C .00 A W 156.3 .0C A
W 16.3 .02 A W 10.4 .01 A W 16.3 .00 A W 21.0 .00 A



Table 0. September means of 02 heavy metal pools analyzed by Duncan's Mew Multiple Range Test. Means followed
by the same letter ave not significantly different at the 5% level (Duncan, 1951 Steel and Torrie, 196G}.
Pb Pool {g/mf) In Pool (g/mz) Cu Pool {o/mz) Cd Pool (g/mz)
Site Mean Buncan Site Mean Buncan Site Mean Duncan Site Mean Buncan
) km) {kin) {kni)
NE 0.4 237.7 A NE 1.2 11.08 A NE 1.2 13,55 NE 0.4 50 A
N 0.4 228.4 A NE 0.4 .84 B NE 0.8 6.88 B N 0.4 .36 B8
NW 0.4 207.9 A N 0.4 6.15 C NE 0.4 5.3 " NW 0.4 .29 8C
W 0.4 155.7 NW G4 5.27 o N 0.4 3.65 ) W 0.4 28 c
NE 1.2 121.4 NE 0.8 4.47 NW 0.4 3.06 NE 1.2 .25 c
N 0.8 66.1 ¢ W 0.4 4.34 0 W G.4 2.26 £ N 0.8 7 D
NE 0.8 65.4 ¢ N0.8 2.33 £ N 0.8 1.18 F NE 0.8 .15 ]
N 6.8 59.1 co N2 71.88 EF NW 0.8 .87 FG N 1.2 .12 BE
N 1.2 36.5 CDE NW 0.8 1.70 EFG N 1.2 .72 FGH NW 0.8 .10 BEF
NW 1.2 29.4 CDE NW 1.2 1.26 EFGH NWO1.2 .47 GH NW 1.2 .09 DEFG
W 0.8 24.1 CDE N 2.0 1.09 EFGH N 2.0 L41 GH No2.0 .08 EFG
N 2.0 20.9 DE W 0.8 .85 FGH W 0.8 .38 GH W 0.8 .06 EFG
NW 2.0 16.5 DE W 2.0 e FGH v 2.0 .27 GH NW 2.0 .04 £FG
Wo1.2 13.0 £ Wo1.2 .46 GH Wo1.2 g7 GH W 1.2 It Fi
W 1.6 7.9 £ W 1.6 .39 W 1.6 .14 GH W 1.6 .02 FG
W 0.4 .3 £ W 16.3 .18 W 10.4 .02 H W 21.0 ) G
W 16.3 .2 E W 21.0 213 WlE.3 .02 H W 18.3 G ]
W 21.8 .2 £ W 10.4 .08 H W 21,0 R H W 10.4 .00 G

£V
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significant change occurred throughout the sampling area (Table 9).
Despite this lack of significance, it can be seen that pool-size was
positively related to source proximity.

The distribution of 02 litter pool values paralleled those of the
02 litter heavy-metal concentrations (Appendix C), with source-distance
the dominant factor in establishing ranks of means (Table 10). The rank
order of metal-pool sizes also follows the ranking previously established
for the concentration data, i.e., Pb>Zn>Cu>Cd. Over 95% of the total
metal pool at the 0.4 km sites was due to Pb occurrence, and declined
only slightly to 93.2% at the boundary sites. The combination of
reduced metal deposition and 02 litter mass at the control site produced
a2 Pb pool equalling 60.5% of the total. However, no significant differ-
ences in pool size existed between the control and watershed boundary

sites.

Chemical Characterization of Litter

Litter Macronutrients

A1l macronutrient cation concentrations were significantly depressed
relative to the control in both 01 and 02 Titter out to 0.8 km from the
stack source (Fig. 12). Two mechanisms are postulated to explain these
results: 1) increased leaching of cations through the litter caused by
a decrease in microbial activity and disruption of cation exchange
processes, and 2) decrecased uptake of macronutrients due to root damage
that resulted in a reduced annual input by litterfall. Both hypotheses
were substantiated by litter data collected from Crooked Creek Watershed.

Cation exchange processes in 02 litter were affected by a decrease

in exchange capacity and an increase in acidity (Table 11). Humus, the
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residue of decomposition processes, acts as a cation exchanger and aids
in the conservation of nutrient cations (Lutz and Chandler, 1946).

Humus may have a cation exchange capacity as high as 110 meqg/100 g and a
buffered pH of 4-5, As it is comprised of a rich mixture of phenolic
and carboxylic acid groups, it can react strongly with heavy metals
(Schnitzer and Khan, 1972). The decrease in exchange capacity found 1in
Crooked Creek Watershed Titter (Table 11) may have resulted from deple-
tion of the microbial populations responsible for maintenance of humic
reservoirs. Such a reduction in microbial populations was also indicated
by a significant decliine in litter respiration detected near the smelter
(Ausmus and Watson, 1975). Increased litter acidity (the addition of
mobile anions) is also known to encourage cation leaching (McColl,
1972). The acidic litter found within 0.8 km of the AMAX stack (Table
11) may have resulted from 802 stack emissions and/or dissolution of
metal sulfide particulates.

Measurements of macronutrient levels in fresh summer leaves of
btack and white oak indicated that canopy species on Crooked Creek
Watershed may be experiencing nutrient depletion due to reduced uptake
(Table 12). Foliage concentrations of Ca, K and P were significantly
reduced at the most heavily contaminated site (0.4 km). These results
are consistent with 01 Titter content of macronutrients, with the excep-
tion of Mg (Fig. 12). The reason for greater uptake of Mg was not
established.

Analysis of macronutrient pools in 02 Titter for Ca indicated a
depression near the smelter (0.4 and 0.8 km) (Fig. 13). This decline
was produced by the extremely low Ca concentration (Fig. 12) in the

lTitter at these sites. No significant difference in macronutrient pools
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Table 11. Cation exchange capacity and pH of 02_Titter on
Crooked Creek Watershed (NW transect)1.

Distance cec? 2
(km) (mea/100 g) pH
9.4 21.1% A4.0*
0.8 19.1* 4.1%
1.2 34.9 5.5
2.0 33.4 5.2
21 (control) 40.3 5.5

*Significantly different from the control at P<,05.

TData from Jackson and Watson, 1976,

2Seasona1?y pooted values (1974, n=12).
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Table 12. Mean macronutrient concentration in oak leaves on Crooked
Creek Watershed in relation to distance from the smelter

(n=61.
Distance Ca Mg K P
(fan) -~ ug/g

0.4 7,615% 1,609 5,950* 748*
0.8 9,517% 1,448 7,805 931
1.2 11,569 1,663 9,362 1,173
2.0 10,350 1,767 6,572 977
21.0 (control) 13,016 1,504 8,090 1,043

*Indicates significantly different from the control at the 5% level.

]Data from Jackson and Watson, 1976.
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for Mg and K was found between the 0.4 and 0.8 km sites and the control.
This apparent paradox was explained by a combination of low macronutrient
concantrations (Fig. 12) and high biomass accumulation (Table 3, fig.

J. Biomass accumulation alone accounted for the increase in all macro-

<

nutrient pools between 1.2 and 2.0 km (Fig. 13).

The P pool in 0Z Titter was not depressed from that of the control
(Fig. 13). However, a significant depression existed for 01 Titter
(Fig. 12). Phosphorus does not behave as divalent macronutrient cations,
for it may become bound in organic material and made unavailable for
oot uptake. This binding could account for the accumulation of P in 02
Titter. With less P available for root uptake, incorporation into new

tissue would be decreased. The net result would be a substantial drop

in 01 litter P content.

A dectine of a1l macvronulrient pools in 07 litter was observed to
0.8 km from the stack (Table 13). This depression was governad by a

-
4
bl

dacrease in macronutrient concentrations in litter near the smelter, and
not by litter biomass. No significant differences of macronutrient pool

alues existed between the 1.2 and 2.0 km sites when compared to the

=f
k]

control,  This was evidence that maecronutrient uptake had not heen
stgnificantly affected further than 0.8 km from the smelter stack.
However, macronutrient accumulation in 02 litter peols was indicative
that uptake may be affected in the future. Anatysis of variance indi~
cated a highly significant interaction between macrcnutrient pools in

GV and 02 Vitter., The significance of this interaction ds that the

composition of 02 1Titter was drastically altered from novmal within 0.8
km from the stack., Uue to tincompliete decompesition, the bulk of G2

o

biomass was a heterogeneous mixture of coarsely Lo finely fragmented
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from the AMAX smelter. Data from Jackson and Watson, 1976.
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Table 13. Macronutrient pools of 02 Titter on Crooked Creek
Watershed (NW transect)l.

Ca p081 Mg poo]2 K po%]2 p p0812
(g/m?) (g/m?) (g/m) (g/m)
6.5% 7.98 0.83 0.92

10.9*% 1.35 1.31% 0.15%
22.9 1.64% 1.38% 0.25%
23.5 1.90* 1.90%* 1.08
18.5 1.09 0.96 0.80

*Significantly different from control at P<.05.

]Data from Jackson and Watson, 1976.

28easona1]y pooled values (1974, n=12).
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leaves and twigs with a small amount of humus mixed in. Thus, the

nutrient content of 02 litter in this area was similar to that of 07.

Arthropcds

Population Density and Biomass

Regression analysis of arthropod density and biomass data collected
from the 01 Titter norizon disclosed the occurrence of considerable
variation that could not be explained by any measured variable. The
coefficient of variation (c.v.=100 x s/x; Snedecor and Cochran, 1967)
exceeded 330%. It seams reasonable to assume that physical factors,
such as temperature or relative numidity, would be primary controlling
agents in the arthropod occupancy of the 01 Titter horizon, for it is
known that temperature and moisture regimes are responsible for vertical
migration within the soil-Titter medium (Dowdy, 1944, 1947, and 1951).
Regardless of the reason, no measure of interactions between arthropod
activity and litter mass or neavy metal content could be discerned in
the 01 horizon data from this study. Therefore, only data from the 02
horizon were analyzed (c.v. = 67.2%).

The effects of season or wind direction were not sufficient to
explain variation in either total arthnropod population biomass and
density or population biomass and demsities of individual trophic
levels. Distance from the smelter, however, was a highly significant
(P<.005) source of variation for predator, detritivore, fungivore,
and total arthropod biomass and density in the 02 litter horizon (see
Tables 14, 15 and 15).

Replicate effects were insignificant (P<.05) sources of variation

in the analysis of variance of both total and trophic level density
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Table 14. Seasonal mean arthropod biomass {mg dry wt/mz) in the litter
horizon of Crooked Creek Watershed. One standard error in
parentheses (n=4).

SPRING SUMMER FALL WINTER

Site Mean Biomass Mean Biomass  Mean Biomass Mean Biomass
W 0.4 km 5.7 ( 4.0) 93.5 (54.4) 11.6* ( 3.3) 21.3 (14.8
W 0.8 km 34.5% (11.4) 25.4 ( 4.4) 20.7~( 9.7) 30.4 (10.
W 1.2 km 82.9 (33.1) 122.8 (70.1) 54.5 ( 17.6) 108.0 (k3.3
W 1.6 km 167.1 (70.9) 109.5 (48.8) 190.7 (130.4) 19.4* { 6.7
NW 0.4 km 2.6% ( 0.9) 4.0% { 2.3) 9.9% ( 4.2) 3.2 { 1.5
NW 0.8 km 55.6 (30.3) 20.0* ( 1.9) 121.6 ( 65.1) 26.7 (13.8
NW 1.2 km  66.0 (14.2) 28.9 ( 6.1) 83.8 ( 50.4) 33.8 (9.2
NW 2.0 km 573.0 (10.2) 195.7 (20.9) 96.9 ( 61.3) 140.9 (54.3
NE 0.4 km  11.3* ( 5.7) 21.3 (7.7) 4.7 { 1.0) 80.6 (55.8
NE 0.8 km 23.9* ( 6.0) 15.5% ( 5.0) 73.7 { 55.4) 25.0% ( 6.8
NE 1.2 km 110.2 (60.1) 56.5 (17.6) 45.1 ( 22.2) 29.8 (20.6
W 21.0 km 187.8 (70.2) 61.5 (22.1) 137.3 ( 46.3) 63.9 (17.6
{Control)

*Significantly reduced from the control (p<.10).
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Table 15. Seasonal mean arthropod density (no/mz) in the Titter 0y
norizon of Crooked Creek Watershed. One standard error
in parentheses (n=4).

SPRING SUMMER FALL WINTER

Site Mean Density Mean Density Mean Density Mean Density
W 0.4 km 55.0%* ( 26.6) 165.0% {129.4) 110.0 ( 46.0) 50.0 ( 21.2)
W 0.8 km 280.0% ( 100.4) 212.5 { 70.9) 123.0 ( 44.0) 295.0 (138.8)
W 1.2 km 106.0 ( 558.1) 447.5 (230.8) 198.0 (104.0) 375.0 (225.9)
W 1.6 km 1917.5 (1175.1) 257.5 (121.5) 885.0 (326.0) 420.0 (176.1)

NW 0.4 km 12.5% ( 7.5) 27.5 (24.3) 75.0 (36.0) 12.5% ( 7.5)

NW 0.8 km 135.0 ( 83.0) 130.0 ( 58.7) 160.0 ( 77.0) 97.5 ( 47.1)

NW 1.2 km 452.5 ( 196.0) 537.5 (207.0) 263.0 (145.0) 270.0 (128.6)

NW 2.0 km 1137.5 ( 599.5) 1942.5 (727.9) 308.0 (205.0) 500.0 (250.3)

NE 0.4 km 75.0% ( 50.7) 127.5 ( 81.8) 43.0 ( 24.0) 512.5 (479.0)

NE 0.8 km 127.5% ( 87.7) 110.0 ( 52.3) 90.0 ( 31.0) 157.5 ( 67.9)

NE 1.2 km 132.5* ( 88.5) 252.5 { 88.9) 70.0* { 32.0) 177.5 (138.8)
W 21.0 km 1217.5 ( 462.8) 507.5 (317.9) 358.0 (197.0) 373.0 (175.0)
(Control)

*Significantly reduced from the control (P<.10).
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Table 16. Mean annual Crooked Creek Watershed 02 Titter arthropod
predator, detritiyore and fungivore biomass (mg dry wt/m<)
and density {(no/m Seasons have been pooled as vreplicates.
Values in parentheses are 1 standard error (n=16).
Biomass (mg/mz) Density (no/m?)
%1t? Predator Detritivore Fungivore Predator Detritivore Fungivore
km
W 0.4 6.1* 22.1% 1.2% 19.0* 36.9%* 24 .4%
( 3.6) (13.9) ( 0.3) ( 5.5) ( 15.4) ( 4.3)
W 0.8 12.1 6.3% 2.7% 31.9*% 206.9 41,3%
( 2.5) (1.2) (1.4) ( 7.5) ( 58.2) ( 16.7)
W 1.2 15.0 33.0 15.1 76.3 240.6 256.3
( 5.0) (13.86) (7.3) (22.0) { 93.0) (164.3)
W 1.6 11.2 42.4 13.3 72.5 550.6 298.1
( 2.9) (19.6) ( 6.5) (20.6) (300.0) (145.5)
NW 0.4 2.1* 2.3% 0.8%* 10.6* 6.3* 18.13*
( .4) (2.1) ( 0.3) ( 1.9) ( 3.8) ( 11.0)
NW 0.8 6.8% 16.6% 2.4% 30.0* 36.3% 60.0*
( 3.6) ( 4.5) ( 0.4) ( 8.9) ( 9.7) ( 13.7)
NW 1.2 14.0 12.6% 5.6 71.9 143.8 129.4
( 4.0) ( 2.9) ( 3.2) (38.9) ( 75.7) ( 77.4)
NW 2.0 87.6 92.6 16.1 110.6 1001.9 381.3
(41.5) (40.4) (12.0) (19.7) (429.3) (261.0)
NE 0.4 5.7% 18.5% 3.1% 21.9* 119.4 57.5%
(2.4) (15.4) ( 0.8) ( 2.8) ( 94.2) { 15.1)
NE 0.8 8.53 20.4 1.1% 44 ,4* 79.4%* 20.0*
( 2.1) (14.9) ( 0.3) ( 6.6) ( 27.6) ( 7.1)
NE 1.2 17.4 27.6 2.6% 45.6% 71.3% 26.9%
( 8.4) (17.7) (1.1) (17.3) ( 16.1) ( 6.2)
W 21.0 17.3 61.1 22.1 86.9 294 .4 511.9
( 5.4) (20.4) (10.4) (15.1) ( 69.4) (243.4)
(Control)
*Significantly reduced from the control value (P<.10).
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and biomass. Thus, it was assumed that the A-replicate design utilized
for arthropod field-sampiing on Crooked Creek Watershed in 1974 was
sufficient to adequately estimate litter arthropod populations.

Analysis of variance indicated that neither season, distance, nor
wind direction had significant effects on omnivore or litlergrazer
density and biomass. This result way be due to the variability in
occurvence of these trophic groups on Crooked Creek Watershed -- omni-
vores were found in 75% of the samples and littergrazers occurred in
only 53%. Members of the other three trophic levels were found in over
90% of the samples.

Least sauares multiple lincar regression procedures were used to
evaluate the variation found in measurements of CCW total arthropod
biomass and density (Tables 14 and 15). The empirically derived regres-
sion model included effects due to season. direction and distance from
the AMAX smelter, 1itter heavy metal concentration; and all interactions
due to multiplicative effects. The linear model presented as tauation #4
was also used to evaluate the dependent variables, total arthropod bio-
mass and density. Use of the 23-variable model accounted for 51.2% of
the variation within the total arthropsd biomass, but only 15.2% of
the total density variation.

The inability of the model to adequately expiain variability within
the arthropod density data may be due to several factors. First, it is
highly probable that the relationships between arthropod density and
the measured independent variables may be explained by a non-Tinear
model. Only multiple linear models were evaluated in the present data
analysis. Secendly, both historical and current temperature-moisture

regimes are known to be important in determining the distribution of
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arthropods at any one point in time (Dowdy, 1944, 1947, 1951; Andre-
wartha 1961). These factors, for which no records were availabie, may
be responsible for a large portion of the unexplained variability in the
CCW arthropod density measurements.

Examination of regression statistics from analysis of arthropod
biomass data revealed that not all 23 variables were necessary to
account for a major portion of total variation (Tables 17 and 18).
subsequent analysis by stepwise, and forward and backward elimination
regression procedures {Draper and Smith, 1966) indicated that the
latter method provided the best evaluation of variability within the
data at P = 0.25 the significance level for entry.

With the number of effective independent variables reduced to 9,
50.7% of the total variation can be accounted for (Table 19). Signifi-
cant (P<.07) negative correlation coefficients were obtained for the
first-order variables litter In and Titter Cd concentrations and the
multiplicative interactions of 1itter Pb x Zn, Pb x Cu, Zn x Cu, Zn X
Cd and Cu x Cd concentrations (Table 18). The second-order variables
of Titter Cu x Cu and Cd x Cd were also negatively correlated (P<.01)
with arthropod biomass (Table 18). Thus, high levels of heavy metals
in the litter substrate occurred simultaneously with small arthropod bio-
mass values. Since distance from the AMAX smelter was also signifi-
cantly correlated with Titter heavy metal content (see also Figs. 7-10),
this heavy metal effect on the arthropod biomass may be responsible for
the significant distance effect detected by previous ANOVA analysis.

Interactions between arthropod biomass and litter heavy metal
content on the Crooked Creek Watershed forest floor were not simpie

one-to-one relationships. Results of the present regression analysis
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ion statistics for Crooked Creek

Matgrshed 02 1itter arthropod biomass (mg/m2, transformed
by Ean. 3) (n = 176, Fyo 1 = 6.931, RZ = 0.512).

Ingependent Variable B. = SE

Intercept -0.059 + 0.694 )
Season 0.240 + 0.357

Direction 4.086 + 1.992

Distance ~10.407 + 2.401

Litter Pb Concentration 4.94x10°% + 2.056x107°

Litter Zn Concentration 1.062x10"° _4_19.6/»‘;9)'\1()"4
Litter Cu Concentration 3.187x107% + 7.262x107%
lLitter Cd Concentration -0.017 + 0.013

Season x Direction Crossproduct -0.137 + 0.407

Season x Distance Crossproduct
Direction x Distance Crossproduct
Season x Season Crossproduct
Direction x Direction Crossproduct
Distance x Distance Crossproduct

Litter Pb x Zn Concentration
Crossproduct

Litter Pb x Cu Concentration
Crossproduct

Litter Pb x Cd Concentration
Crossproduct

Litter Zn x Cu Concentration
Crossproduct

Litter Zn x Cd Concentration
Crossproduct

Litter Cu x Cd Concentration
Crossproduct

Litter Pb x Pb Concentration
Crossproduct

Litter Cu x Cu Concentration
Crossproduct

Litter Cd x Cd Concentration
Crossproduct

Litter Zn x Zn Concentration
Crossproduct

0.755 + 0.457
-18.296 + 14.536
-0.025 + 0.069

9.548 + 7.212

5.972 + 7.925

3.0x107° + 2.0x107"

8 8

-4

.0x107° + 2.0x10°

7 7

.8x10° 7 + 3.0x10°

.8x10™7 + 8.3x107/

718x107% + 1.257x107°

6 6

.87x107° + 8.96x10°

.99x1071% & 6.25x107 1!

7

x1077 + 3.0x1077

.002x10~" + 1.203x107%

-7 -7
.9x1077 + 6.4x10
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Table 18. Correlation matrix vesulting from multiple linear
regre%sion analysis of total arthropod binmass
(mg/m¢, transformed by Eqn, 3) found on Crooked

Creek Watershed (n = 176, F,o 4. = 6.931, RC =
0.512). Values 1in parenthegeé 3Fe significance
levels,
Y Xq X, Xy Xy Xs X Xs
y 1 -.107 -.380  -.459  -.514 -.317 -.205  -.476
(.158)  (.0001) (.0001) (.0001) (.0001) (.006)  (.0001)
X 1 0.0 0.0 009  -.603 .01 042
(1.0) (1.0)  (.906) (.965) (.885) (.577)
X, 1 .954 557 .845 842 637
“ (.0001) (.0001) (.0001) (.0001) (.0001)
X 1 577 .759 720 628
(.0001) (.0001) (.0001) (.0001)
X, ] 695 .398 .902
(.0001) (.0001) (.0001)
Xe 1 .894 .780
2 (.0001) {.0001)
Xe 1 .498
(.0001)
X, 1
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Table 19. Multiple linear regression statistics for Crooked Creek
Watershed 02 litter arthropod biomass (mg/m2, transformes
by Egn. 3) and independent variables selected by the back-
ward elimination procedure at P = 0.25 (n = 176, !

- A -
10.178, R? = 0.507). 14,161
Independent Variable B, * SE
Intercept -0.059 + 0.694
02 Litter Zn Concentration 0.001 + 0.0006
02 Litter Cd Concentration -0.020 + 0.010
02 Litter Pb x Zn Concentration 1.0x107° j_1.0x10”8
Crossproduct
02 Litter Pb x Cu Concentration 3.0x10°% + 1.0x1078
Crossproduct
-7 -]
02 Litter Zn x Cu Concentration 4.4x10 © + 1.5x10 /
Crossproduct
02 Litter Zn x Cd Concentration 18.6x107" + 6.0x1078
Crossproduct
02 Litter Cu x Cd Concentration 10.3x107° i_5.5xi0”5
Crossproduct B B
02 Litter Cu x Cu Concentration -2.5%1077 i 1.0x107/
Crossprogduct
: -5 -5
02 Litter Cd x Cd Concentration 15.9x710 © + 6.0x10 >

Crossproduct




indicated that no single factor can be isolafed as the primary source of
variability in watershed arthropod biomass. A complex of variables must
be consideread. However, 1t was clearly demonstrated that the heavy
metal content of Crooked Ureek Watershed Titter was not only strongly
and negatively correlated with arthropod biomass, but was also respon-

sible for 50% of total data variation.

Heavy Metals

Field-coilected arthropods were pooled to provide sufficient
material for heavy metal analysis of each trophic Tevel. Specimens
categorized by season and replicate, variables known to be insignifi~
cant in controlling population density and biomass, were combined
across both Vitter horizons. The resulting pooled samples were cComi-
posed of 37 individual samples (4 seasons x 4 replicates x 2 horizons)
and were assayed for Pb, In, Cu, and Cd content.

Lead: Previous documentation of arthropod Pb concentrations
associated with trophic classification indicated that the most elevated
tevels occurred in the detritivore-fungivore groups (Williamson and
Fvans, 1972). Isopods feeding in decaying vegetation on Yorkshire
roadsides contained 682 ppm dry wt Pb {Williamson and Evans, 1972).
Littergrazing diplopeds and predaceous opilionids and spiders were next
in order of decreasing lead content, with values of 82, 45, and 23 ppm

respectively. Other published values for roadway-source Pb in arthro-~
1973; Institute of Envir. Studies, 1972).
The Pb content of isopods collected on Yorkshire ditchbanks is

comparable to that of Crooked Creek Matershed fungivores. Otherwise,



watershed values exceed all previously published information Tor
comparable trophic levels and for the same trophic level at the water-
shed control site (Table 20). Elevated quantities of Pb were found
associated with predaceous arthropods collected from heavily Pb-

~——

contaminated sites near the smelter (cf Fig. 7

Zinc: Zinc is known to be necessary to a number of biologically
important enzyme reactions both by acting as a nonspecific cofactor
in controlling the rate of reaction and as a constituent of many
metalloenzymes {Orten, 1966). 7Zinc is also necessary for RNA and
DNA formation {(Schroeder, 1974). Thus, this element is a normal
component of biological systems. However, due to the complete absence
of comparable data it is not known if the quantities found associated
with the Crooked Creek Watershed arthropod population (Table 21) are
different from what would be expected in a non-poliuted system.

Copper: Copper is contained in the arthropod blood protein,
hemocyanin, and is a normal constituent of all arthropod tissue (Wieser,
1961; Wigglesworth, 1965). However, since trophic level Cu concentra-
tions found at the 21.0 km control s?te were significantiy less than
any of those found on the watershed, the elevated levels of Cu asso-
ciated with Crooked Creek Watershed arthropods are real (Takle 22).

The highest levels of Cu found in the spider, "other predator",
and omnivore populations occurred at those sites Tocated either closest
to the smelter or along the NE transect. Exposure to Cu concentrate
on this transect appearad to produce elevated Cu Tevels in
pods comparable to those produced by exposiure to stack emissions.

Cadmium: Previous documentation of arthropod Cd concertrations

include values for grasshoppers collected at varying distances firom
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Table 20. Llead concentrations (ug/g dry wt) found associated with
arthropod trophic levels gn Crooked Creek Watershed.
Specimens from both litter hovizons and all seasons and
all replicates were pooled for chemical analysis (n=32).

TROPHIC LEVEL

Site Predator* Spider Detriti- Fungivore Litter- Omnivore
(km) vore grazer

W 0.4 28370.8 1659.5 1000.0 388.9 485.7  2857.1
W 0.8 2430.6 326.1 989.8 407 .4 431.8  299.7
W 1.2 528.9 195.0 1027.9 104.8 1930.8 159.7
W 1.6 118.2 536.9 217.6 156.2 500.0 336.5
NW 0.4 15000.0 3514.3 4523.8 886.8 12427.2  3423.4
W 0.8 150.1 267.3 769.2 2142.9 588.2 214.8
NW 1.2 283.2 288.4 333.3 579.4 346.2 347.9
NW 2.0 162.0 112.5 202.% 1046.0 200.5 326.9
Ne 0.4 2316.1 6089.7 1382.1 3100.0 262.5 7368.4
NE 0.8 533.3 1389.3 282.6 103.4 579.3  3295.5
NE 1.2 1964.6 209.4  16637.7 450.0 5479.5  2787.3
W 21.0 27.9 18.2 33.9 14.9 136.6 102.0
{control)

*Other than spiders
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Table 21. 7Zinc concentrations (ug/g dry wt) found associated with

arthropod trophic levels oen Crooked Creek Watershed.

Specimens from both litter horizons and all seasons and

all replicates were pooled for chemical analysis (n=32).
TROPHIC LEVEL

Site Predator* Spider Detriti- Fungivore Litter- Omnivore
(km) vore _grazer

W 0.4 848.3 647.8  1117.7 555.6 1571.4 450.1
W 0.8 726.9 872.4 224.5 1333.3 136.4 388.0
W 1.2 433.7 527.9 238.3 342.9 222.3 345 .4
W 1.6 365.9 536.9 102.4 375.0 1785.7 336.5
N{ 0.4 359.0 822.9 1428.6 301.9 310.7 405.4
NW 0.8 281.4 709.6 384.6 457 .1 2941 296.9
NW 1.2 727.7 485.7 897.4 355.1 285.7 244 .2
NW 2.0 459.0 465.7 ?253.3 482.8 1649.8 283.0
NE 0.4 340.6 935.9 268.3 400.0 300.0 947.4
NE 0.8 406'.7 729.8 304.4 551.7 220.7 590.9
NE 1.2 542.1 1165.7 813.1 1250.0 456.6 632.2
W 21.0 556.5 532.5 183.7 238.8 273.2 232.1

(control)

*Qther than spiders
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Table 22. Copper concentrations {(ug/g dry wt) found associated with
arthropod trophic levels on Crooked Creek Watershed.
Specimens from both Titter horizons and all seasons and
all replicates were pooled for chemical analysis (n=32).

TROPHIC LEVEL

Site Predator* Spider Detriti- Fungivore Litter- Omnivore
(km) vore grazer
0.4 547.8 197.4 155.9 200.0 137.1 156.6

W 0.8 138.9 176.6 204.1 555.6 86.4 47.3
W 1.2 32.5 1741 54.9 47.6 42.5 43.5
W 1.6 28,1 129.8 13.3 75.0 200.0 28.8
NW 0.4 320.5 242.9 476.2 71.7 291.3 84.7
HW 0.8 37.5 181.5 79.2 220.0 72.1 32.8
NW 1.2 98.0 72.9 512.8 140.2 302.2 27.6
NW 2.0 59.4 151.9 50.7 172.4 101.5 31.8
NE 0.4 136.2 448.7 122.0 200.0 63.8 263.2
NE 0.8 83.3 626.0 163.0 137.9 275.9 795.5
HE 1.2 169.1 480.0 1189.2 500.0 479.5 768.4
W 21.0 48.6 72.9 24.1 149.3 109.3 20.4
{control)

*Other than spiders
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109

a Zn smelter in Montana and the results of a Cd tagging experiment

utilizing a grass—cricket (Pteronemobius sp.)-spider (Lycosa sp.) food

chain (Munshower, 1672; Van Hook and Yates, 1975). Grasshoppers feed-
ing on contaminated vegetation containing 1.8 and 1.0 ppm Cd (2.4 and
24 km from the smelter source) incorporated whole-body Cd levels of 7.1
and 1.8 ppm respectively (Munshower, 1972). Omnivorous crickets and
predaceous spiders in a trace-contaminated system (.069 ppm Cd in
vegetation) incorporated much lower amounts of Cd (0.042 and 0.030 ppm,
respectively (Van Hook and Yates, 1975).

Cadmium values for Crooked Creek Watershed arthropods collected at
the control site were comparable to those of Munshower's (1972) herbi-
vorous grasshoppers, and ranged from 1.4 ppm for fungivores to 10.2 ppm
for omnivores (Table 23). The average Cd content of both Titter horizons
at the CCW control site was 5.1 ppm (Appendix C). Cadmium is commonly
found associated with Zn in geological formations (Schroeder, 1974), and
it is expected that Cd values in biota collected near a Zn smelter would
represent a highly contaminated condition. Even though different trophic
levels were studied at the two sites it was clear that Crooked Creek
Watershed arthropod Cd values were either comparable to, or exceeded,

those found near other Cd sources (Table 23).

Concentration Factors

The ecological consequences of heavy-metal transport in food
chains can be partially evaluated by an analysis of concentration
factor data. A concentration factor (C.F.) is defined as the "ratio
of element level in consumer to element level in food-chain base"

(Reichle et al., 1970). Elements ingested by the consumer may be
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Table 23. Cadmium concentrations (ug/g dry wt) found associated with
arthropod trophic levels on Crooked Creek Watershed.
Specimens from both litter horizons and all seasons and
all replicates were pooled for chemical analysis (n=32).

TROPHIC LEVEL

Site Predator* Spider Detriti-  Fungivore Litter- Omnivore
(km) vore grazer

W 0.4 112.4 76.5 17.6 10.6 125.7 207.4
W 0.8 28.9 95.1 4.2 10.4 7.3 11.4
W 1.2 10.3 53.8 9.5 5.5 15.1 19.3
W 1.6 12.4 41.9 3.6 4.1 20.7 10.8
N 0.4 33.7 100.0 26.2 10.8 223.3 53.2
NW 0.8 8.1 41.3 9.3 37.1 9.1 24.6
NW 1.2 19.4 9.7 8.2 7.8 17.6 6.7
NW 2.0 11.1 36.1 4.8 20.7 13.7 12.7
NE 0.4 12.5 34.6 8.9 21.0 6.9 68.4
NE 0.8 11.7 53.4 7.6 5.2 3.0 8.2
NE 1.2 11.2 75.9 35.9 31.5 20.1 12.6
W 21.0 4.7 4.1 2.3 1.4 3.0 10.2
(control)

*0ther than spiders
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diluted (C.F. < 1.0), concentrated (C.F. > 1.0), or undergo no change
(C.F. = 1.0) relative to the levels found in the food base. Concen-
tration factors, weighted by the proportion of total biomass provided
by each 1litter horizon or trophic level, have been derived for Pb, /Zn,
Cu, and Cd in the CCW litter-arthropod food chain (Tables 24-27).
Concentration values given in Tables 20-23 were used in the calcula-
tions. As an example of Pb concentration factor estimates for the
lTitter fauna:litter food base at the W .4 km site, the following
calculation was performed:

C.F = pD [PbD] + pF [PbF] + pO [Pbo] + pL [PbL]
o1 [Pbgel + pgy [Pbg,]

where

Pp = proportion of total litter fauna biomass provided by
detritivores = 0.671

Pp = proportion of total litter fauna biomass provided by
fungivores = 0.045

p_ = proportion of total iitter fauna biomass provided by
omnivores = 0.277

Pl = proportion of total litter fauna biomass provided by
littergrazers = 0.006

on7 = proportion of total Titter mass provided by 01 litter =
01 5.180

il

pan = proportion of total litter mass provided by 02 litter
02 5.820

[PbD] = concentration of Pb (ng/g dry wt) found associated with
arthropod detritivores = 1000.0

[PbF] = concentration of Pb (ug/g dry wt) found associated with
arthropod fungivores = 388.9

[Pb ] = concentration of Pb (ug/g dry wt) found associated with
0 arthropod omnivores = 2857.1
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Table 24. Weighted concentration factors calculated for Pb transport
in the Crooked Creek Watershed litter-arthropod food chain.

CONCENTRATION FACTORS

Site Litter Fauna Spiders Predators* A1l Predators
(km) Litter Litter Fauna Litter Fauna Litter Fauna
W 0.4 0.02 1.12 19.13 10.67

W 0.8 0.04 0.56 4.70 2.49

W 1.2 0.12 0.19 0.52 0.42

W 1.6 0.06 1.95 0.43 1.17

NW 0.4 0.06 0.81 3.44 2.75

NWw 0.8 0.02 0.49 0.28 0.31

N 1.2 0.04 0.77 0.76 0.76

NW 2.0 0.05 0.37 0.53 0.51

NE 0.4 0.02 3.66 1.39 2.39

NE 0.8 0.03 1.76 0.68 1.23

NE 1.2 0.28 0.01 G.13 0.10

W 21.0 0.10 0.42 0.65 0.60
{control)

*Qther than spiders
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Table 25. Weighted concentration factors calculated for Zn transport
in the Crooked Creek Watershed 1itter-arthropod food chain.

CONCENTRATION FACTORS

Site Litter Fauna Spiders Predators® A1l Predators
(km) Litter Litter Fauna Litter Fauna Litter Fauna
W 0.4 0.52 0.71 0.93 0.83

W 0.8 0.91 1.55 1.34 1.44

W 1.2 0.76 1.99 1.63 1.74

W 1.6 0.95 1.83 1.25 1.53

Nd 0.4 0.43 0.98 0.43 0.57

N 0.8 0.38 2.15 0.85 1.03

NW 1.2 0.83 1.18 1.76 1.71

NW 2.0 1.80 0.80 0.79 0.79

NE 0.4 0.12 2.90 1.06 1.87

NE 0.8 0.17 2.02 1.13 1.58

NE 1.2 0.20 1.51 0.70 0.90

W 21.0 2.09 2.57 2.69 2.606
(control)

*Qther than spiders
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Table 26. MWeighted concentration factors calculated for Cu transport
in the Crooked Creek Watershed litter-arthropod food chain.

CONCENTRATION FACTORS

Site Litter Fauna Spiders Predators* A1l Predators
(km) Litter Litter Fauna Litter Fauna Litter Fauna
W 0.4 0.17 0.59 1.84 1.25
W 0.8 0.92 0.37 0.32 0.34
W 1.2 0.34 1.07 0.47 0.65
W 1.6 0.28 1.96 0.44 1.18
NW 0.4 0.23 0.22 0.83 0.67
NW 0.8 0.15 0.40 0.51 0.49
NW 1.2 1.10 0.03 0.46 0.42
NW 2.0 0.61 0.32 0.72 0.66
NE 0.4 0.09 1.42 0.55 0.93
NE 0.8 0.08 1.17 0.15 0.67
NE 1.2 0.22 0.12 0.13 0.13
W 21.0 2.06 0.27 0.68 0.59

(control)

*0ther than spiders
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Table 27. Weighted concentration factors calculated for Cd transport
in the Crooked Creek Watershed litter-arthropod food chain.

CONCENTRATION FACTORS

Site Litter Fauna Spiders Predators™ A1l Predators
(km) Litter Litter Fauna Litter Fauna Litter Fauna
W 0.4 0.65 0.51 0.85 0.69

W 0.8 0.22 5.35 1.83 3.48

W 1.2 0.51 1.44 0.64 0.88

W 1.6 0.39 2.74 0.84 1.77

NW 0.4 0.38 0.52 0.50 0.51

NW 0.8 0.33 0.32 0.38 0.37

NW 1.2 0.26 0.10 1.99 1.82

NW 2.0 0.50 0.57 0.99 0.93

NE 0.4 0.10 1.12 0.51 0.78

NE 0.8 0.10 3.77 0.79 2.31

NE 1.2 0.34 0.65 0.29 0.38

W 21.0 0.64 0.27 1.15 0.97
(control)

*Qther than spiders
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[Pb, ] = concentration of Pb (ug/g dry wt) found associated with
arthropod Tittergrazers = 485.7

H

[Pb01] = concentration of Pb (ug/g dry wt) in 01 Titter
38.0x103

[PbOZ] = concentration of Pb (ug/g dry wt) in 02 litter
70.3x103

C.F. = 1482.8 = .02
644560

Lead: The concentration of Pb decreased from litter to litter
fauna on Crooked Creek Watershed (Table 24). A plot of the log of
food base Pb concentration (range: 430 to 68770 ppm) vs. corresponding
concentration factor values for litter-feeding fauna (range: 0.02 to
0.28) illustrated that a mean concentration factor of 0.07 + 0.02 (S.E.)
would be an adequate estimate of Pb transport in the grazing food chain.

Arthropod predators appeared to be either concentrating or in
equilibrium with the Pb content of their litter fauna prey. With the
exception of the elevated "other predator" concentration factor found
at W 0,4 km, the predator concentration factors ranged between 0.07 to
4.20. The corresponding variation in prey Pb concentration was from
43 to 11516 ppm.

A semilog plot of prey Pb concentration vs. Pb concentration
factors indicated that a mean concentration factor would be an adequate
representation of Pb biotransfer from prey to predator. The means are:

C.F = 1,01 + 0.29 (S.E.)

“spider Pb

C‘F’other predator Pb 1.18 + 0.41 (S.E.)

C 1.16 + 0.29 (S.E.)

[ =
" “total predator Pb

These means are conservative in that the one elevated concentration

factor at the W 0.4 km site has been deleted.
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Zinc: Zinc was being accumulated in Crooked Creek Watershed litter
fauna to a much greater extent than was Pb, although concentration
(CF>1.0) does not yet appear to be occurring (Table 25). Zinc is
required by 1iving systems (Orten, 1966; Schroeder, 1974), and the
concentration factors found for Crooked Creek Watershed arthropods may
reflect physinlogical requirements. The largest litter fauna:Titter
concentration factors existed where the smallest litter-Zn values

occurred - W 1.6 km ([Zn 1 = 100 ppm). Litter Zn varied from 100

Titter
to 3894 ppri while the litter fauna concentration factor estimations
varied from 0.12 to 2.09. Plotting of the data as previously discussed
indicated that a mean of 0.64 + 0.15 (S.E.) adequately represented the
biological transfer of Zn presently occurring in this food chain.

It is not clear if arthropod predators concentrated or equilibrated
In in relation to their food base. As predator concentration factors
varied between 0.4 and 2.7, prey Zn varied between 206.8 and 909.1 ppm.
Mean concentration factors were:

C.F = 1.60 + 0.20 (S.E.)

“spider Zn

C.F = 1.08 + 0.12 (S.E.)

"other predator /n

C-Fetotal predator zn = 1+27 £ 0.18 (S.E.).

Copper: Concentration (C.F.>1.0} of Cu through the litter fauna:
litter food chain does not appear to occur on Crooked Creek Watershed
(Table 26). Copper was being accumulated in litter fauna to a much
greater extent than was Pb, but this phenomenon may be a result of
copper's presence in the arthropod circulatory system as hemocyanin
(Wieser, 1961; Wigglesworth, 1965). As litter copper concentrations

varied between 27 and 4590 ppm, concentration factor values varied
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between 27 and 4590 ppm, concentration factor values varied between 0.8
and 2.06. The mean Cu litter fauna C.F. was 0.38 + 0.10 (S.E.). The
highest Titter concentration factor occurred where the smallest Titter
Cu value existed -- W 21.0 km.

In contrast to results for Pb and Zn, Cu appeared to be diluted by
food-chain transfer from prey to predator on Crooked Creek Watershed.

Mean concentration factors were:

C'F‘sp?der cu " 0.70 + 0.79 (S.E.)
C'F'other predator Cu 0.58 + 0.14 (S.E.)
C.F = 0.67 + 0.10 (S.E.)

* “total predator Cu

Cadmium: Concentration factors for Crooked Creek Watershed litter

fauna (Table 27) were comparable to those found for omnivorous crickets

109

(Pteronemobius spp., C.F. = 0.6) fed on Cd-tagged vegetation ([¢d] =

0.069 ppm) (Van Hook and Yates, 1975). Cadmium was not concentrated in
the Crooked Creek Watershed Titter-litter fauna food chain, although Cd
was accumulated to a greater degree than Pb (Table 24). The range of

predator concentration factors (0.10 to 3.48) included the value calcu-

109

lated for Lycosid spiders preying upon Cd-tagged Ptercnemobius (Van

Hook and Yates, 1975}. After 30 days' feeding, Lycosa had accumulated
70% of the total Cd available in the prey substrate {i.e., C.F. = 0.7)
(Van Hook and Yates, 1975). The only other arthropod food-chain data
available deal with herbivorous grasshoppers that fed on Cd-contami-
nated vegetation near a Montana In smelter (Munshower, 1972). The
overall grass~herbivore concentration factor was 1.3.

Concentration (C.F.>1.0) of Cd occurred among the predator popula-

tions exposed to prey containing < 9 ppm Cd (W 0.8 and 1.6 kin; NW 1.2 km;
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NE 0.8 kn; and W 21.0 km). At prey concentrations exceeding 2 ppm, ail

predator concentration factors < 1.

Diversity

An indicator of biological changes within the Crooked Creek Water-
shed forest floor community is arthropod diversity. Use of Eguations 1
and 2 and data included in Appendix B produced the diversity, evenness
and richness indices given in Table 28. Significance testing of Pielou's
evenness 'J' and the Shannon-Weaver Diversity Index H' pointed out the
extreme variability within the data, and no consistent trends could be
observed for these two parameters (Hutcheson, 1970; 0'Neill et al.,
1976). However, richness, S, was shown to be a significant indicator of
neavy metal effects on Crooked Creek Watershed arthropod diversity
(ANOVA). Values of S (total number of taxa=families), eqguivalent to H'
max and necessary for the computation of evenness 'J' (Equation 2},
varied significantly with distance, direction and distance x direction
interaction effects (P<.01). Thus, the richness component of total
arthropod diversity was shown to be more sensitive to perturbations on

CCW than either the evenness of abundance component or total arthropod

diversity.
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Table 28
Crooked Creek Watershed 1itter arthropod diversity indices for each
site, horizon and season.
a. Shannon-Weaver Index, H' (calculated by Fquation #1).
b. Pielou's evenness index J' (calculated by Equation #2).

c. Richness index S (total number of families).



a.

Shannon-Weaver Index H'.

78

Site Hor March June Sept. Jan.
(km) 1974 1974 1974 1975
W 0.4 01 0.693 1.192 1.396 2.119
02 2.083 2.124 2.143 2.157
W 0.8 01 2.479 1.939 1.911 1.475
02 1.708 1.768*  2.367 1.167%
W 1.2 01 1.906 2.193 1.939 2.055
02 1.769 2.479 2.684 1.669
W 1.6 01 1.359 1.981 1.745 1.330
02 1.382 2.367 1.809* 1.031*
NW 0.4 01 2.946 2.233 1.790 1.228
02 1.557 2.152 1.801 1.427
N 0.8 01 2.151 2.568 1.779 1.540
02 1.887 2.789 2.790 2.204
NW 1.2 01 2.212 1.425 1.494 1.877
02 1.995 1.917%  1.967 1.919
NW 2.0 01 1.555 0.999 2.797 2.261
02 1.378 1.339*%  2.49] 2.037
NE 0.4 01 1.099 2.150 1.486 0.500
02 1.126 2.7295 1.747 T.117%
NE 0.8 01 2.020 1.818 1.524 .628
02 2.596% 2.340 2.356 1.763
NE 1.2 01 2.095 2.005 1.988 1.733
02 2.518% 2.372 2.633 2.136
W 21.0 01 2.176 1.767 1.852 1.935
(Control) 02 1.625 2.475 2.316 2.060

*Significantly different from the control at P<.05.
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b. Evenness 'J'.
Site Hor March June Sept. Jan
(km) 1974 1974 1974 1975
W 0.4 01 1.000 .518 Ay .853
02 .838 722 .812 . 899
Ww 0.8 01 .875 735 .769 1.064
02 .570 .590 .835 .455
W 1.2 01 .743 .855 .756 .893
02 .537 770 .882 LhE67
W 1.6 01 .845 773 .629 1.210
02 .419 .745 .577 .350
N 0.4 01 1.086 .931 .861 1.117
02 1.123 .980 .725 .887
NW 0.8 01 815 .907 .914 .957
02 .697 .947 .890 .814
NW 1.2 01 .765 .556 .483 .903
02 .655 677 .668 692
N 2.0 01 51 LA55 1.060 1.029
02 418 .390 747 659
RE 0.4 01 1.585 1.105 . /64 722
02 .829 .847 .898 L4713
NE 0.8 01 1.038 .790 .851 .906
02 916 .864 .870 .b10
NE 1.2 01 1.076 L8717 .956 .967
02 .792 757 L9171 .739
W 21.0 01 .825 .624 172 1.080
(Control) 02 .499 .769 AR 625



c. Richness S.

Site Ho March June Sept. Jan.
(km) 1974 1974 1974 1975
Wo0.4 01 2 10 7 12

02 12 19 14 11
W 0.8 01 17 14 12 A
02 20 20 17 13
W 1.2 01 13 13 13 10
02 27 25 21 19
W 1.6 01 5 15 16 3
0?2 27 24 23 19
NW 0.4 01 6 11 8 3
02 4 9 12 5
NW 0.8 01 14 17 7 5
02 15 19 23 15
NW 1.2 01 18 13 22 8
02 21 17 19 16
NW 2.0 01 21 9 14 9
02 27 31 28 22
NE 0.4 01 2 7 7 2
02 13 15 7 15
NE 0.8 01 / 10 6 2
02 17 15 15 18
NE 1.2 01 7 10 8 6
02 24 23 18 18
W 21.0 01 14 17 11 6
02 26 25 26 27



GENERAL DISCUSSION

Heavy Metal Effects on Biota

Measures of biological activity in Crooked Creek Watershed litter
horizons performed during the present study included litter mass; total
and trophic level arthropod density and biomass; total arthropod diver-
sity, evenness and richness; and preliminary measurements of litter
respiration. Additional supportive data were collected by E. A.
Bondietti (1976) and include determinations of litter urease and amino
sugar content. Trends disclosed by analyses of these data indicated
that Crooked Creek Watershed forest-floor biota were undergeing signi-
ficant changes as a result of exposure to the heavy-metal concentrations
found in the Titter horizons.

It had been demonstrated that accumulations of 02 Titter cccur at
Crooked Creek Watershed sites that had received large inputs of Pb,

In, Cu, and Cd. Simiilar accumulations of undecomposed organic material
have been found under applie trees subjected to heavy applications of
Bordeaux mixture (CuSO4) near Rothamsted, benszath spruce-fir forests
near heavy-metal industrial activity in southern Sweden, and in the
oak-Titter horizon within 1 km of a Pennsylvania zinc smelter (Hirst,
et al., 1961, Tyler, 19725 Ruhling and Tyler, 1973; Strojan, 1975).

The fungicidal activity of heavy-metal ions is well documented (Somers,
1961) and the lack of litter decomposition in the apple orchard was
directly attributed to copper poisoning of litter-inhabiting micro-
organisms (Hirst et al., 1961). Decomposition rates of spruce litter,
measured by CO2 evolution, were depressed by Pb, Zn, Cu, and Cd concen-

trations similar to those found on Crooked Creek Watershed (Ruhling and

81
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Tyler, 1973). A similar depression of CO2 evolution was found in Tlitter
samples collected along one transect of Crooked Creek Watershed (Ausmus
and Watson, 1975) and in Zn-contaminated litter collected within 6 km of
the source (Strojan, 1975). These results all indicated a negative
relationship to exist between litter decomposition and Titter nheavy
metal content, regardiess of the geographical Tocation of the study
area.

Further documentation of a heavy metal effect on litter decomposi-
tion was provided by analysis of litter amino sugar and urease content
(Bondietti, 1976). Amino sugars in litter primarily exist as chitin,
which is resistant to degradation and is not synthesized by green plants.
Thus, analysis of amino sugars is a specific test for the historical
presence of decomposer organisms (fungi and arthropods). The results of
this test on Crooked Creek Watershed litter indicated a marked decrease
in amino sugars occurred to a distance of 0.8 km from the stack.

Urease enzyme activity in litter was measured to further indicate
loss of biological activity on the watershed. This test is more sensi-
tive than the amino sugar assay since the production of urease enzyme is
adversely influenced by heavy metal contamination. Laboratory experi-
ments on uncontaminated litter showed that the addition of 10,000 ppm Pb
or 800 ppm Zn caused a 15% reduction in urease enzyme activity. Both
metal concentrations and enzyme activity in these laboratory studies
were much higher than those found on the watershed. Thus, it was con-
cluded that the greater observed loss of enzyme activity on the watershed
was not simple inhibition but may be partially due to a depression in
microbial activity. A reduction of enzyme activity was found to occur

to a distance of 2.0 km from the smelter, which was further than the
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observed effect on amino sugars. This may indicate that the 2.0 km site
is presently being slightly affected by the heavy metal emissions.

The observed decline in fungal and bacterial activity would be
reflected in arthropod community dynamics because of reduced substrate
quality. A depression in the fungal populations required to maintain
fungivores and their predators can be expected to result in a reduction
of density and biomass for these two arthropod groups. A paraliel
decline may be observed in coprophagous populations dependent upon
microbial enrichment of their egested litter substrate (McBrayer, 1973;
Wieser, 1966). Depressed values of density and biomass in predator,
detritivore, and fungivore populations occurred at heavily contaminated
sites regardless of distance from the smelter (Tables 14-16). Reduced
fungivore and detritivore populations were probably due to lack of
suitable substrate -- few mycelial mats or fruiting bodies were observed
during field sampling at the affected plots and detritus production
appeared to be negligible. A similar reduction in density of micro- and
macroarthropods of 1itter and soil was observed at study areas located 1
and 6 km upwind from a Pennsylvania zinc smelter (Strojan, 1972).
Strojan attributed the population decline to the presence of heavy-metal
smelter emissions (Zn, Cd, Cu, Pb, and Fe) in forest-floor organic
horizons. Sulfur dioxide emissions were discounted as causative factors
due to the neutralizing influence of Zn0O (normal Titter pH for this area
is 4.0 to 5.0, litter at the 1 km site was pH 6.1) and the efficiency of
the smelter's acid plant (Strojan, 1972). The sparse predator popula-
tions observed at heavily contaminated sites on Crooked Creek Watershed

may be due to the lack of suitable prey or the results of toxicity due
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to biomagnification. Both hypotheses are supported by the data (Tables
16 and 24-27).

The occurrence of measurable disruptions in population density and
biomass suggested that a corresponding disruption could be occurring in
arthropod population diversity. It was thought that such a measure
would give some insight into the stability of the Crooked Creek Water-
shed 1itter system. Calculation and subsequent statistical testing of a
Shannon-Weaver index applied to each site indicated 1ittle change in
arthropod diversity on Crooked Creek Watershed, regardless of litter
heavy metal load or season (Table 28a) (Shannon, 1948; Hutchesen, 1970).
When segregated into its two components of richness and evenness of
abundance (Pielou, 1966; Price, 1975), diversity on the watershed was
shown to be governed by an even population distribution (Table 28b). In
contrast, the richness component was shown to be a sensitive indicator
of the effects due to distance and direction (Table 28c). System para-
meters of 02 litter mass (Figs. 5 and 6) and macronutrient pools (Fig.
13) have already demonstrated that disruptions in ecosystem integrity
are occurring on Crooked Creek Watershed. The inability of the Shannon-
Weaver index procedure to detect similar disruptions on the population
level revealed a serious lack of sensitivity of this method to ecosystem-
level perturbations.

Concentration factor data indicated that neither Pb, Zn, Cu, or
Cd are presently being concentrated in the litter-litter feeder foud
chain on Crooked Creek Watershed {(Tables 24-27). Although lead was the
most abundant heavy-metal element found on the watershed, it was accumu-

lated in the litter fauna to a much swaller extent than either Zn, Cu,
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or Cd. This phenomenon may be due to differences in insect physiolo~
gical response to each element.

Copper is a component of the arthropod biood protein hemocyanin,
which can be found in most insects and isopods and in some amphipod
and decapod species (Wieser, 1961, 1965; Wigglesworth, 1965). Marine
arthropods are bathed in copper-containing media and do not possess
well~developed mechanisms for storage and maintenance of Lu reseives
(Wieser, 1965). In contrast, terrestrial species must depend upon
their substrate to fulfill their Cu requirements. One purpose of
coprophagy in isopods is thought to be maintenance of a critical Cu
concentration in their substrate, which had been previously thought to
consist entirely of Cu-poor litter (Wieser, 1966). The greater varia-
tion and larger values of Cu concentration factors between Titter fauna:
Titter found on Crooked Creek Watershed relative to those for Pb may
be reflecting the variability in Cu requirements of the fauna (Table
26). Zinc is required both as a mediator and as a constituent of enzyme
reactions (Orten, 1966). Physiological requirements for Zn by the
Crooked Creek Watershed 1itter fauna appeared to be reflected in the
litter fauna:litter concentration factors, particularly when compared
to the much smaller values calculated for Pb {Tables 24 and 25).
Available Titerature does not document arthropod physiolegical require-
ments for Cd. Other than displaying greater accumulation of Cd relative
to Pb, the significance of Cd concentration factors for Titter fauna:
Titter in Table 27 is not known. Lead is not known to be necessary for
plant or animal growth and development.

Except for Cu, it has not been possible to substantiate a similar

food chain dilution of heavy metals from prey to predator on Crookad



Creek Watershed. Concentration factor data indicated that, in relation
to their prey, arthropod predators may be either concentrating or equi-
Tibrating with respect to Pb, Zn, and Cd. Cadmium is of special inter-
est, for possible biomagnification occurred only in those predator
populations exposed to prey containing < 9 ppm Cd. At prey levels
greater than 9 ppm, all predator concentration factors were less than 1.
While cadmium can displace Zn in enzyme reactions, it is not physiolo-
gically required by arthropods (Underwood, 1971). It is possible that
high levels of prey Cd may be toxic to their arthropod predators. If
the lethal dose to spiders and other predators is greater than the
amount of biologically available Cd in prey containing 9 ppm total Cd,

then death would result before biomagnification could occur.

Mineral Cycling

Remineralization of nutrient ions in litter is a normal component
of the mineral cycling processes of deciduous forests (Ovington, 1960).
Earlier discussion has pointed out the role of arthropods in decomposi-
tion. It has been suggested that disruption of coupled arthropod and
microorganism life cycles by heavy metal toxicity may completely dis-
rupt forest mineral cycling (Tyler, 1972; Witkamp and Ausmus, 1975;
Ausmus et al., 1975; Jackson and Watson, 19756). Tyler hypothesizes
that such toxicity would first result in an increase in the amount of
incompletely decomposed litter material on the forest floor. Reduced
decomposition rates would allow mineral nutrients to remain bound in
a form unavailable for plant uptake and may result in an eventual pro-

ductivity decline.
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The first stage of Tyler's hypothesis has been substantiated by
Crooked Creek Watershed data ~-- 02 litter accumulations have already
occurred at a number of sites (Figs. 5-6, Appendix C). The subsequent
decline in nutrient availability suggested by Tyler was corroborated by
preliminary measurements of fresh summer leaves collected from Crooked
Creek Watershed black and white oak (Table 12). Foliage concentrations
of Ca, K, and P were significantly reduced when compared to the control
only at the site with the greatest heavy metal load and Titter accumu-
Tation. These data suggest a reduction in root uptake.

During Tlitter sampling, it was observed that secondary roots of
trees did not occur within and beneath the 02 1itter horizon at sites
near the smelter. At the control sites, considerable difficulty was
involved in separating litter material from the thick mat of fine
roots growing throughout the 02 horizon. Greenhouse pot experiments
utilizing healthy black oak seedlings transplanted to Crookad Creek
Watershed soil verified the field-observed effects on lateral root
growth (Jackson and Watson, 1976).

Further indications of a disruption in nutrient cycling mechanisms
are the changes in cation exchange capacity and pH from the normal
state (Table 11). The decline in total litter cation exchange capacity
on Crooked Creek Watershed could lead to a reduced capacity of Titter
to hold nutrient cations, resulting in leaching losses. Thus, after
initial nutrient binding due to reduced remineralizatior (cf. Table 13 -
Ca and Mg pools at 1.2 and 2.0 km, K pool 0.8, 1.2, and 2.0 km), nutri-
ents may be Tost entirely from the system {cf. Table 13 - Ca pool at
0.4 and 0.8 km). This effect goes beyond the two-stage hypothesis of

Tyler (1972), where primary production, Timited by the lack of essential
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nutrients bound up in undecomposing litter, declines.

Phosphorus may become tenaciously bound in organic material and
thus does not behave in the same manner as divalent macronutrient
cations. The P pool at 0.4 km was not different from that of the con-
trol (Table 13), but the P content of fresh foliage at the same site
was significantly reduced from that of the control. The capacity of P
to bind to organic material may be responsible for foliage P depletion.

In general, forest-nutrient dynamics on Crocked Creek Watershed are
displaying significant signs of perturbation ~ excessive root mortality,
depleted macronutrient concentrations in fresh foliage, a decline in
cation exchange capacity and litter Ca pools near the smelter, and an
accumulation of Titter Mg and K between 0.8 and 2.0 km of the smelter.

A major disruption in nutrient resource allocation due to heavy metal
effects on litter decomposition was indicated. Eventually, it can be
expected that productivity will be most depressed in trees which are not
tolerant of heavy metals or a reduced supply of available nutrients. It
is not unrealistic to envision widespread deforestation of non-tolerant
species over an area adjoining the smelter, if the smelter emissions
continue at the present level for a number of years.

It can be further hypothesized that the area affected by the
smelter may be increasing in size due to the continual loading of
heavy metal particulates on the watershed. The area 1.2 - 2.0 km from
the stack could eventually be affected to the same degree as the exist-

ing area within 0.8 km from the stack.



SUMMARY AND CONCLUSIONS

A number of measures of biological activity within the Crooked
Creek Watershed 1itter system have been made. Studies have focused
on the litter-arthropod food chain as a means of detecting perturba~
tions in a heavy-metal contaminated terrestrial ecosystem. To ade-
guately characterize the arthropod food base and habitat, litter mass,
heavy metal content, cation exchange capacity, pH, urease activity,
and amino sugar content were critically examined. Litter horizons on
the watershed can be characterized as follows:

1) 01 Titter mass has not differed throughout the watershed

during the period of study, but varied about a mean of
433 + 29 (SE) g/me. Mean annual 01 mass at.the contro]
site varied about a mean of 471 + 34 (SE) g/m2.
2) An accumulation of undecomposed 02 Titter on CCW was
positively correlated with Titter heavy-metal content
(P<.01).

3) The highest concentrations of litter Pb, Zn, Cu, and Cd
occurred in 02 litter. The mean annual range of values for
heavy metals (ppm) on the watershed were 4600 tc 103000,
230 to 4910, 80 to 6080, and 14 to 179 for Pb, Zn, Cu,
and Cd, respectively. Although Titter gradually became
enriched in Zn, Cu, and Cd relative to Pb as distance
from the smelter increased, the rank order of concentra-
tion paralieled that displayed by stack emissions, i.e.,
Pb>Zn>Cu>Cd.

4) Measurements of 02 litter urease activity, amino sugar
content (Bondietti, 1976), and €0, evolution revealed a

depression of normal decomposer activity in litter
collected near heavy metal sources.

From these data, it appeared that annual production of fresh
litter on Crooked Creek Watershed, as estimated by forest-floor 01
litter mass, had not yet been adversely affected by exposure to smelter

emissions. In contrast, significant 02 1itter accumulations have
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occurred as a result of reduced decomposition. Both historical and
current microbial activity (measured by amino sugar analysis and COZ
evolution) have been depressed at sites located near the AMAX smelter,
the primary heavy metal source on CCW. Since 1itter arthropods act

as "catalysts of microbial metabolism", in decomposition processes

by substrate alteration and inoculation, any gross changes in litter
decomposition should be reflected in the dynamics of the arthropod
community (Macfadyen, 1963). Documented effects on the CCW litter
arthropod populations were as follows:

1) When compared to the control site, reduced values of total
arthropod biomass (mg dry wt/m?) and density (no./m?) occurred
simultaneously with elevated levels of litter heavy wetals.

2) This reduction in total arthropod biomass and density was
governed by a decrease in biomass and density of the
predator, detritivore and fungivore populations.

3) Measurements of arthropod richness, an estimate of maximum
diversity, revealed that 1itter arthropod populations at heavily

contaminated sites were less rich in taxa (family) than were
those located elsewhere on the watershed.

These effects may be induced by changes in substrate quality or actual
heavy metal toxicity. The latter hypothesis was supported by analytical
results of heavy metal concentrations found associated with arthropod
trophic levels.

Food-chain ditution of Pb, Zn, Cu, and Cd from litter to litter
consumer occurred as indicated by the mean concentration of 0.7 + 0.02
(SE) (Pb), 0.64 + 0.15 (SE) (Zn), 0.38 + 0.10 (SE) (Cu), and 0.34 +
0.05 (SE (Cd). Biotransfer of Pb to litter consumers was much less than
that found for the other three heavy metals. In contrast, predatory
arthropods on Crooked Creek Watershed were either concentrating or

equilibrating Pb, Zn, and Cd from their prey, as indicated by mean
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total predator concentration factors of 1.16 + 0.29 (SE) (Pb), 1.27 +
0.74 (SE) (Zn), and 1.27 + 0.02 (SE) (Ccd). Of all four heavy metals,
only Cu appeared to be diluted by food-chain transfer from prey to
predator (X = 0.67 + 0.10 (SE)) (Tables 24-27).

A1l biological data collected from Crooked Creek Watershed showed
that food-chain transfer of heavy metals occurred within the Titter-
arthropod community. In addition, a disruption in normal 1itter decom-
position processes occurred as a result of exposure to heavy metal
smelter emissions.

Measurements of fresh foliage and litter macronutrient concentra-
tions and Titter macronutrient pools indicated that forest-nutrient
dynamics on Crooked Creek Watershed were already seriously disturbed
(Tables 12 and 13, Figs. 12 and 13). A significant depression (P<.05),
relative to the control, of the Ca, Mg, and X content of 01 and 02
litter existed within 0.8 km of the stack (Table 12). Two mechanisms
nostulated to explain this result were:

(1) Increased leaching of cations through the Titter induced

by a loss of CEC, a decrease in pH, and a decrease in
microbial immobilization of macronutrients.

(2) A decreased uptake of macronutrients due to root damage

produced by heavy-metal concentrations. The result would

be reduced annual macronutrient input from litterfall.
A loss in Titter cation exchange capacity and reduction in fresh-foliage
macronutrient content has been measured on Croocked Creek Watershed. An
accumulation of macronutrient pools in 02 litter has also been observed
to exist between 1.2 and 2.0 km of the smelter. This observation corre-
sponds to the initial binding of forest macronutrients in undecomposing
litter hypothesized by Tyler (1972) as the first stage of heavy-metal

induced nutrient-cycling disruption.
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If the present levels of atmospheric deposition continue unchecked,
the result could be a decline in productivity of tree species intolerant
of heavy metals or a depleted nutrient supply (Tyler, 1972; Jackson and
Watson, 1976). It is not unrealistic to envision eventual deforestation
of non-tolerant species with replacement by pioneer communities. Con-
tinued heavy metal input beyond this point may result in ecosystem

destruction (Witkamp et al., 1966).



APPENDICES




APPENDIX A

Trophic~Tevel assemblage and abundance of arthropod taxa (excluding
Acarina) found on Crooked Creek Watershed during the study year (1974).
Literature citations used as taxonomic keys and/or documentation of
feeding habits include Borror and DelLong, 1964; Borvor and White, 1970;
Hoff, 1949; Jaques, 1951; McBrayer et al., 1974; Peterson, 1956; Ross,
1965; Szabo, 1974. Taxa followed by "A", "L", "N", "P", or "I" respec-

tively refer to adult, larval, nymphal, pupal, and immature forms.
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TROPHIC LEVEL AND TAXA ABUNDANCE (total no.)
DETRITIVORES
INSECTA
Coleoptera
Nitidulidae A 84
Scarabeidae
Acanthocerinae A 1
Siiphidae A 1
Staphylinidae Ad&L 294, 13L
(also PRFEDATOR)
Elateridae L 177
(also PREDATOR)
Lagriidae L 24
Orthoperidae L 24
(also FUNGIVORE)
Tenebrionidae L )
(Meracantha spp.) 13
Coilembola
Poduridae A 4287
Diplura
Campodeidae A 3
Japygidae A &0
Diptera
Phoridae A 93
Sarcophagidae A l
Tipulidae A 13
Muscidae L 2
Stratiomyidae L 235
(also PREDATOR)
Syrphidae L 5
{(also PREDATOR)
Tipulidae L 12
Trichoceridae L 3
Isoptera N
Protura 9
Psocoptera 83

SYMPHYLA 6



TROPHIC LEVEL AND TAXA

Phalangididae I
(also PREDATOR)

INSECTA
Coleoptera
Derodontidae A
Pselaphidae A
Ptiliidae A
Orthoperidae L
(also DETRITIVORE)
Collembola
Entomobryidae A
Diptera
Drosophilidae L
Sciaridae L
Scatopsidae L
Hemiptera
Aradidae A
Thysanoptera
Phloeothripidae A

LITTERGRAZERS

INSECTA

Diptera
Bibionidae
Cecidomyidae

-

96

ABUNDANCE (total no.)

39

192
118
24

2783

186
17

303

83
692
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TROPHIC LEVEL AND TAXA

INSECTA

Hymenoptera
Formicidae
Dolichoderinae
Formicinae
Myrmicinae

Orthoptera

Blattidae

Coleoptera
Tenebrionidae A

PREDATORS
INSECTA

Coleoptera
Carabidae A
Coccinnellidae A
Lampyridae A
Staphylinidae A& L

(also DETRITIVORE)

Cantharidae L
Carabidae L
Elateridae L

{(also DETRITIVORE)

Diptera

Ceratopogonidae
Dolichopodidae
Rhagionidae
Stratiomyidae
(also DETRITIVORE)
Syrphidae L
(also DETRITIVORE)

—rr>=Ir
o]
—

Hemiptera
Reduviidae A &N

Hymenoptera
Ampulicidae A
Braconidae A

ABUNDANCE (total no.)

10
167
699

25

13L
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TROPHIC LEVEL AND TAXA ABUNDANCE (total no.)
Chalcidoidea A 19
Eulopnidae A 3
Eupelmidae A 8
Formicidae
Dorylinasg A 36
Ponerinae A 184
Ichneumonidae A 6
Proctotrupoidea A 3
Unknown parasitic
family A 36
Neuroptera
Ascalaphidae L 3
Chrysopidae A 2
Hemercbiidae A 1
ARACHNIDA
Araneae A&l
Agelenidae 2
Anyphaenidae 1
Clubionidae 17
Dysderidae 5
Gnaphosidae 45
Hahniidae 9
Linyphiidase
Micryphantiinae 154
Linyphiinae 58
Lycosidae 4
Oecobiidae 3
Ooniopidae 1
Salticidae 16
Thomisidae 22
(Misumenops )
Zoridae 2
Phalangida
Phalangididae 1 39
(also DETRITIVORE)
Pseudoscorpionida A 313
CHILOPODA
Geophilomorpha A 20
! ithobiomorpha A
Henicopidae A 9
Lithobiidae A 4
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TROPHIC LEVEL AND TAXA ABUNDANCE {total no.)
Scolopendromorpha A
Cryptopidae A 64
UNKNOWN
INSECTA
Coleoptera
Scydmaenidae A 3
Unknown L 124
Diptera
Cecidomyidae A 242
Chironomidae A 34
Sciaridae A 11
Mycetophilidae A 40
Psychodidae A 37
Tipulidae A 13
Unknown A, L &P 17A, 143L, 4p
Hymenoptera
Unknown L 1

"ACCIDENTALS" ~ Foliage, seed, stem, or bole feeders from the canopy
or root feeders from the soil. Do not carry out a
portion of their 1ife cycle in the litter.

Colzoptera
Anobiidae
Byrrhoidea
Curculionidae
Apion
Panscopus
Pantomarus
Phyxelis
Brachyrhininae
Pedilidae
Scarabeidae
Dynastinae
Melolonthinae
Scolytidae
Curculionidae

== e

e =~ =) = =

Collembola

Sminthuridae
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TROPHIC LEVEL AND TAXA

Diptera
Chironomidae
Spaniotoma spp. L
Trupaneidae L
Hemiptera
Lygaeidae A
Miridae A
Pyrrhocoridae A
Tingidae A

Hlomoptera
Aphididae
Cicadellidae
Cicadidae

b= =

Hymenootera

Cynipidae A
Formicidae
Leptalinae A

Lepidoptera
Tortricidae L
Phalaenidae
Adults

Thysanoptera
Thripidae A

Hydroptilidae A



APPENDIX B

Listing of all arthropod data collected from Crooked Creek Watershed
by taxon, season, site, horizon, and lifestage. Trophic level desig-
nations were referenced in Appendix A.

“CLASS", "ORDER", "FAMILY" = Taxonomic designations.
"SSNT = Season
1 = Collected March, 1974
2 = Collected June, 1974
3 = Collected September, 1974
4 = Collected January, 1975
“DIRY = Direction
1 = West
2 = Northwest
3 = North
4 = Northeast
"DIST® = Distance from AMAX smelter in km.
"HOR" = Litter horizon
1 = 01
2 = 02
"REPONE", "REPTWO", "REPTHREE", "REPFOUR" = Number of individual
specimens found in 2ach
replicate sample.
"LIFESTG" = Lifestage of specimen,
CMEWT™ = Mean oven-dry weight in mg of individual specimens.
"TROFLEVL" = Trophic level designation as referenced in Appendix A.
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085 CLASS ORDER PAMILY Ss¥ DIR DIST HGR RONE RTWO RTHREE RFOUR LIFESTGE MNGH¥T TROFLEYL
3 INSECT DIPLURA JAPYGIDAE 3 p3 1.2 2 0 3 0 0 ADULT .023 DETRITIVY
2 INSECTA DIPLURA GAPYGIDAE 2 1 9.4 1 0 2 ] 0 ADYLT .23 DETRITIV
3 INSECTA DIPLURA JAPICIDAE 2 1 0.4 2 2 Q 2 3  ADULT .823 DETRITIV
4 INSECTA DIPLURA JAPYGIDAE 2 1 .8 2 Q 3 0 O ADULT .023 DETRITIV
5 INSECTA DIPLURA JAPYGIDAE 2 1 1.2 2 0 G 2 2 apuLe .023 DETRITIV
6 TN SECTY DIPLURA JAPYGIDAE 2 3 1.6 2 2 6 3 0 ADULT .023 DETRITIVY
7 INSECTA DIPLURA JAPYGIDAE 2 2 0.8 i 0 Q i 0 ADULT 023 DETRITIV
8 INSECTA DIPLURA JAPYGIDAE 2 2 0.8 2 2 2 [¢] 0 ADULT .023 DEIRIILIV
9 INSECTA DIPLURA JAPYGIDAE 2 2 .2 2 9 3 0 2 ADULT .023 DETRITILIV

30 INSECTA DIPLURA JAPYGIDAE 2 4 0.4 2 2 0 0 0 aduLT .923 DETRITIV
i INSECTA LIPLURA JAPYGIDAE 2 k4 0.8 2 g 1 2 Tl .023 DETRITIY
12 INSECTA DIPLURA JAPYGIDAE 2 4 1.2 2 3 9 2 3 .023 DETRITIY
13 INSECTA DIPLURA JAPYGIDAE 3 3 0.4 2 1 0 3 3 .023 DETRITIV
14 INSECTA DIPLIRA JAPYGIDAZE 3 1 21,0 2 1 0 0 0 .023 DEIRITIY
15 INSECTA DIPLURA JAPIGIDAE 3 4 0.8 2 3 0 0 1 aDULT .023 DETRITIV
18 INSECTA DIPLURA JAPYGIDAE 4 1 21.0 2 Q 1 ¢ 0 ADULT .023 DETRIATY
7 THSECTA DIPLOURA CAMPODEIDAE % 2 1.2 2 Q [ 0 0 ADGLY SO0 DETRITI:
18 INSECTA DIPLURA CAMPODEIDAE 2 1 0.4 2 0 0 i 0  adULY .0%0 DETBITIV
19 INSECTA DIPLURA CANPODEIDAE 3 1 21.0 2 3 O 0 0  ADULY .010 DETRITLY
20 INSECTA DIPTERA UNKHOW Y 1 1 1.6 1 0 0 i 0 ADULT .060 UNKHOUY
21 INSECTA JIPTERA THENOH N 3 1 21.0 1 0 0 0 % LABYA .C08 UHKNOHN
22 INSECTH DIPTERA TRKUCAY H 1 2%.0 2 O 3 3 37 LARYA LCO08  UNKEODHEY
23 ISSECTA DIPTERA UNKHO¥ N t 2 0.8 2 0 i 4] 0 aduLT 060 UHEHOWY
24 THSECTA DYPTERA UNK¥NOx o 1 2 2.0 % 0 3 3 0 LARVA .008 UHBKHOWY
25 INSECTA DIPTERS UNKNO¥ Y 1 2 2.0 2 3 0 0 0 ADpULT L0860 URKHOYY
26 INSECTA DIPTERA ONKNOW § 1 2 2.0 2 2 0 13 0 LAR¥VA 008 UNKNOWN
27 INSECTR DIPTRRA UHKNOR ¥ 2 1 0.4 1 1 0 9 0  ADULY L060 UNKHOWY
28 INSECTA DIPTERA UNKNO¥ ¥ 2 1 1.2 2 i 0 G & PUPA 105 UNKNOWN
29 INSECTA DIPTERA UNKHOR ¥ 2 1 21.90 H 1 0 0 3 ADULT L0860 UNKMOWM
30 INSECTA DIPpTZRA ONKHOY N 2 i 2%1.0 i 2 H 0 0 iaava L5088 UHKHO¥E
3 INSECTA DI?TZRA UNKNOWHN 2 1021.0 2 3 19 0 O LA®RYA .008 UUKNOWN
32 INSECTA DIPTERA UNKNOW B 2 2 0.4 3 ¢} 2 1 1 ALY .060 UUKHOHN
%3 INSECTA DIPTERA UNKNOW & 2 2 0.4 i 0 Q 5 0 L4gvYa 008 UHKHOWN
34 INSECTA DIPTERA UHENOY & 2 2 0.4 2 ¢l 3 0 Q0 ADULT L0580 UNKNORY
35 IMSECTA DIPTERA URKHOW Y 2 2 c.8 3 1 9 0 0  ADULT 060 UMKNOEN
36 T¥SECTA DIPTERA UNKNO® N 2 2 0.8 2 3 Q 0 ¢ PUPA <105 UNKBOWN
37 IR SECTA DIPTERA UNKNOWY 2 2 1.2 i Q Q t & LaRgva L0088 UNHEBOEN
38 INSECTA DIPTERA UNKNOW Y 2 2 2.0 2 (B 6 ] 0 LiRVA .008 VHKHORYM
39 INSECTA OIPTERA UNKNOW ¥ 3 1 1.2 2 1 0 0 0 PpuUPA . 105 UHKNOHN
40 IMSECTA DIPTERA VUM OW N 3 ¥ 21.0 2 0 0 0 1 LRRBYA .008 UNKNOHY
4y INSECTA DIPTERA TGHKNOH N 3 2 8.4 3 0 0 0 i aDULT 063 UNKNOMY
62 I¥SECTA DIPTERA JUKBOH N 3 2 1.2 H 0 0 1 G LARVA .008 UMNKYOEN
&3 I¥ SECTA DIPTERA UHKHOW N 3 2 1.2 2 3 9 9 0 La’va . 008 UYK%EOHX
i YWSECTA DIPTERA UNKNOWN 3 2 2.0 1 0 0 0 1 ADULT -060 UGHK¥CHN
45 INSECTA DIPTERA UNKNO®H 3 2 2.0 2 0 2 i 0 ADULT . 060 UHENCHN
46 INSECTA DIPTERA UNKNOW § 3 2 2.0 2 0 0 2 0 LARVAE .008 UERHOWN
47 INSECTA DIPTERA UNKHOWR 4 1 0.4 1 1 0 0 O ADULT L06C U¥NKNORYN
48 INSECTA SIPTERA UEKWOH N U 1 1.2 2 1 0 0 0 LARVA L0008  UNXHNO®N
49 INSECTA DIPTERA UNKNOW N 4 1 21.0 2 0 1 [¢] 0 LARVaA .008 UNKHOWH
50 1% SECTA DIPTERA UNKHOW N b 2 0.8 2 0 5 2 ¢ LARVA .008  UNKROWN
51 I¥SECTA DIPTERA UHKHYCHE N & 2 0.8 2 0 i 0 0 20PA . 105 UHMENOHY
52 INSECTA ODIPTERA UNKNOW YN L} 2 V1.2 1 1 0 0 9 LAaRVA .008 UNKHOWH
53 INSECTA DIPTERA UHKNOY & 4 2 1.2 2 2 ? 0 d LARYVA .008 U¥XHOEN
54 I¥SECTA DIPTERA UNKNOWN 4 2 2.0 i 9 1 9 0 LARYA L0058  UMKRHOWH
55 IHSECTA DIPTERA UHKHOU N 4 2 2.9 2 0 2% Q O LARVA .008 UNEKENOWMX
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GBS

79

80

92

100
1614
102
103
104
135
106
io7
108
109
110

CLASS

INSECTA
INSECTR
INSECTR
INSECTA
INSECTA
INSECTA
INSRBCTR
INSECTA
INSECTR
INSECTA
INSECTR
INSECTA
IKSECTA
INSECTA
INSECTA
INSECTA
INSECTR
INSECTA
INSECTRA
INSECTA
INSECTR
INSECTR
INSECTA
INSECTA
IRSECTA
IRSECTR
INSECTA
INSECTR
INSECTA
INSECTA
INSECTA
INSECTA
INSECTR
INSECTA
IRSECTR
IRSECTA
INSBCTA
INSECTR
IRSECTR
INSECTR
INSECTE
INSECTA
IWSECTA
IRSECTA
INSECTR
INSTCTA
INSECTR
IXSECTR
INSBCTR
INSECTA
INSECTR
IRSECTA
INSECTR
INSECTA
IHSECTA

DYPTERA
DYIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERR
CIPTERA
DIPTERRZ
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERZ
DIPTERA
DIPTERA
DYPTERR
DIPTERRA
DIPTERA
DIPTERA
DIPTERR
DIPTERR
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
CIPTERR
DIPTERA
DIPYERE
CIPTERA
DIPTERRA
DIPTERA
DIPTERA
DIPTER A
DIPTERE
DIPTERA
DIPTERS
CIPTER 4
DIPTERA
DIPTERA
DIPTERA
DYPTERR
DIPTERR
DIPTERA
DIPTERRA
DIPTERRA
DYPTERA
DIPTER R
DIPTERA
DIPTERA
DIPTERA

FAMILY

UNKNO &N
MUSCIDAE
PHORIDAE
PHORIDAE
PHORIDAR
PHORIDAE
PHORIDAE
PHORIDAE
PHCRIDAE
PHORIDAE
PHORIDAE
FHCRIDRE
PHORIDAE
PHORIDAE
PHORIDAE
PHORIDAE
FHORIDAE
PHCRIDAE
PHORIDAE
PHORIDAE
PHORIDAE
FHOCRIDAE
PHORIDRE

SCIARIDAE
SCIBRIDRE

SCIARIDAE

SCIARIDAE
SCIARIDAR
SCIARIDAR
SCIREIDAE
SCIARIDAE
SCIARRIDAE
SCIARIDAE
SCIARIDAE
SCIAKIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAE
SCIARIDAZ

SCIARIDAE

STIARIDARE
SCIARIDAE
SCIARIDAR
SCIARIDRAE
SCIARIDAR
SCIARIDAR
SCIARIDAE
SCIRRIDAE
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LIFESTGE

BOULT
LARVA
ACULT
ADULT
ADULT
ADULT
ADULT
ADULT
ADULT
ADULT
ADULT
ApULT
ADULT
RDULY
ADULY
ADULT
ADUL?Y
ADULT
ADULT
ADGLT
ADULT
ADULT
ADULT
LARVA
LARVA
LARYVAE
LARVA
LARVA
LARVSA
LARVA
LARYA
LARYA
LAKVA
LARYR
LARYR
ADULT
LARVA
ADULT
ADRBLY
ADULT
LARYA
LARVA
LARVA
LARYA
ADULT
LARYA
LARYA
LARYA
LARYA
LARVSA
LARY:
LARVS
LARVA
LARYA
LARYA

uGRT

£.060
5.105
0.038
¢.036
0.038
0.038
0.038
0.038
0.038
G.038
0.038
G.038
0.038
¢.038
0.038
0.038
0.038
0.638
0.038
0.038
0.038
0.638
©.038
¢.021
0.021
0.021
0.021
0.021
0.02%
0.021
0.021
0.921
£.021
9.021
£.021
¢.050
6.02%
$.050
6.050
£.650
0.021
9.021
0.021
0.521
0.050
0.021
3,021
0,021
0.62%
6.021
0.0321
0.02%
0.02%
0.021
0.021

TROFLEYL

UHERGHY

DETRITIY
DETRITIV
CETRITIV
DETRITIV
OETRITIV
DETRITIV
DETRITYY
DETRITIV
DETRITIV
CETRITIV
DETRITIY
DETRITYY
DETHITIV
DETRITIV
DETRITIV
DETRITIV
CETRITIV
DETRITIY
DETRITIV
DETRITIV
DETRITIV
DETRITIY
FURGIVOR
FURGIVOR
FUNGIVOR
FUNGIVOR
FUNGIVOE
FUNGIVOR
FUNGIVOR
FUNGIVOR
FUBGIYQR
FUNGIVOR
FUBGIVOR
FUNGIVOH
UNKNQWN

FUNGIVYOR
UNKHOB N

ONKNCRE

UNKNONN

FUMGIVOR
FPUNGIVCR
FURGIVOR
FUNGIYOR
UNKNOWN

FUBGIVOER
EURGIVOR
FUNGIVOR
FUNGIVOR
FUNGIY¥OR
PUNGIVOR
PUNGIYCR
FURGIYQR
FUNGIVCR
FUNGIYOR

L



CLASS ORDER Pam LY SSH DIR DIST HOR F®ONE RTHO HTHREZS A3PCUR LIP?ESTIGE ESHT TROFLIVL
INSECTA DYPTERA SYRPHIDAR ] 1210 2 0 k! Q 0 LARVA 7.317 DEYRITIV
TESECTA DYIPTERA SYRPHIDAE 1 2 0.8 2 0 9 I 0 LARVA 7.317 DETRITIV
THS ECTA DIPTER A STRPHIDAE i 4 1.2 2 0 2 H 0 LARYA 7.3%7  DETRITIV
INSECTA DIPTERA SYRPHIDAE 2 2 2.0 3 1 ¢ 0 0 Larva 7.397 DETKITIY
TNSECTA DIPTERS: SYRPHIDAE 3 4 1.2 2 9 0 Al 0 LARY3 7.317 DETRITIV
ISSECTA DIPTERA TIPULIDAE 1 T 21.0 2 [¢] i g 0  LARVA 24,033 DETRITIV
INS ECTA OIPTERS TIPULIDAE 3 2 2.3 2 3 1 1 0 1laRVa 24.033 DETRITI
THSECTA DIPTERA TIPULIDAS H 4 .2 2 1 0 ¢ 0  L&RVYs 24.033 DETRITIV
IHSECTA DIPTERA TIPULIDAS 2 § 0.4 2 0 1 0 1 ADULT 0.042 UHKNO¥N
I¥SECTA DIPTERA TIPULIDAE 2 1 0.4 2 0 0 0 I Ligva 24.033 DETRITIV
TNSECTA DIPTERA TIPULIDAE 2 3 0.8 I Y] 0 a 1 AdULT 0.082 UNKNTHH
TUSECTA DIPTERA TIPULIDAE 2 1 0.8 2 9 0 0 i ADULT 0.042 UNKHMOWNH
INS ECTS DIPTERA TIPULIDAE 2 i 1.2 H i 0 a 4 ADpLY C.082 UNXNCHR
T¥SECTA DIPTERA TIPULIDAE 2 1 1.5 2 0 3 0 0 LARVA 24.033
INSECTA DIPTERA TIPULIDAZ 2 121,90 1 ] 0 i 0 ADULY 0.042
INSECTA DIPTERRZ TIPYLIDAE 2 2.9 2 0 ! Y 0 aDuLT 0.082
THSFCTA DIPTERA TIPULIDAE 3 1 1.2 2 1 0 0 J  ADULT 0.042 U4KdOWY
INS ECTR DYLPTERA TIPULIDAE 3 2 (V) 1 0 0 3 9 ADULT 0.542 UHRUCHY
TISECT A DIPTERA TIPULIDAE 3 2 Q. 2 o] ¥] i 0 ADULY 0.542 UNKACHY
THSECTA DIPTERA TIPCLIDAE 3 2 t.2 1 9 2 0 0  ADULT 0.0462 UNKXAOKN
THSECTA DIPTERA TIPULIDAE 3 2 2.0 3 0 0 1 0  ADULY 0.042 GHXHCYN
TS ECTA DIPTERA TIPULIDAE 4 3 1.2 2 0 0 1 0 LaRva 2%.033 DETRITIV
INSECTA DIPTERS TIPULIDAZ 4 i 1.6 i 0 4] 2 0 LARY& 24,033 DETRITIV
INSECTA DYPTERA TIPULIDAE 4 2 2.0 2 0 1 J O  LaRYa 24,033 DETRITIY
T¥S BCTA DIPTERA TIPULIDAE 4 L) 0.4 2 0 1 0 0 LARVA 24.033 DETRITIY
INSECTA DIPTERA BIBIONIDAE 2 1 fe2 2 83 J 0 0 LARYA 0.357 LITTGRAZ
TIHSECTA DIDPTERA PSYCHODIDAZ 1 4 f.2 i 9 0 ¢ 3 ADULT U.940  UNKNCHW
THNSECTA DIPTERA PSYCHODIDAE 2 3 Q. b H 0 0 H 0 ADGLY 0.749 TNKNO¥X
INSECTA DIPTERA PSYCHODIDAE 2 1 D.8 § 1 4] [ 0 ADULT Q.30 GHKNCKY
INSHUCTA DIPTERS PSTCHODIDAE 2 i 1.2 i 0 0 2 0 apuLy 0.760 UYKNOWY
IS BCTA OXPTERS PSYCHODID AL 2 3 1.2 2 1 [¢] 0 0 apyi? 0. 140  JHKNORYN
THMSECTA DIPTERA PSYCHODIDAE 2 i 1.6 2 4] 0 i 0 ADULT 0.360  YxgECHY
INSECTA LYPTERA PSYCHODIDAE 2 1 27.0 1 0 9 3 ¢ AdULT C.140 UHKNOWN
THS ECTA DIPTERA PSYCHODIDAE 2 1210 2 Q 0 3 0  ADULT G.18C UNKHCRH
IHSBCTA DIPTERA PSICHODIDAE 2 2 0.4 3 0 0 3 0 ACOLT Q.40 UNRHCHE
I¥SECTA GIPTERA PSYCHEODIDAE 2 2 0.8 2 0 0 i 0  ADULT 0.3140 ONKNOWN
I¥SECTA DIPTERA PSICHODIDAE 2 2 2.5 i 0 3 G 0 ADULT 0,140  GHKNCHN
INSECTA DIPT®RA PSYCHODIDAZ 2 “ 0.4 1 0 0 J 2 ADyULT 0.380 USKHOWH
INSECTA DIPTERA PSYCHODIDAE 2 4 0.8 i 1 Q 3 1 ADULT 3.140  UxX¥Owy
IMSECTA DIPTERA PSYCHODIDAE 2 & 1.2 3 9 4 9 I ADULT J.140 UNKHOWY
IMS ECTA DIPTERA PSYCHODIDAE 2 4 1.2 Z 2 ¥ Q 0  ADULT 0.940 UMXYOxY
TS5 ECTA DXPTERA PSYCHODIDAE N 3 g.4 3 5 0 [ 0 ALULT 0,140 UNKXCYY
THSECTA DIPTERS PSYCHODIDAER 3 3 t.6 2 0 3 9 0 ADULT 0.%80  ORKNCWY
TIMSECTA DIPTERM PSTCHODIDAE 3 21,90 2 i 0 9 0 aDuLy 0.140 UHEKNOWY
T8SECTA OIPTERA PSYCHODIDRE 3 2 .2 H 0 ! 0 9 abuLlT 0,380 USKNCWY
INSECTA DIPTERA PSYCHODIDAE K| 4 0.6 1 9 4] Q i ADOLT 0.1650 UNKNOHY
INSECTA DIPTERA PSYCHODIDAE 3 & 0.8 2 1 0 0 9 ApuLT 0. 140 UNKHWCORY
INSECTE DIPTERA PSTCHODIDAE 4 1 0.4 ¢ 3 1 ¢ 0 ADULY J.369  UNKHCHH
INSECTA DIPTERA PSYICHODIDAL 4 i 1.6 2 0 3 ¢ 1 ADULT 0.3140 UUKHOWH
INSECTH DIPTERY PSYITHODIDAS : 4 fa2 2 0 i G 0 abuL? 0.340  UEKACHY
LHS ECTH DIPTERA RHAGIOMNIDAZ 1 2 0.4 3 0 0 i 9 LAaR¥a 0.070 PREDATOR
IHSECTH DIPTERA BHAGIO®IDAE 2 2 a2 3 0 1 0 9  LAaRYA 9.010 P&IDATOR
I¥S BCTA DIPTERA SCATOPSIDAE 1 2 2.0 i 1 Q 0 {0 LARVA D.422 FUNGIVOR
INSECTA DIPTERA SCATOPSIDAZ U 1 1.2 2 0 0 0 t6  LARVA V.422 FUNGIVOR
INSECTA DYPTZERA CECIDOMYIDAE 3 4 0.8 1 0 3 0 0 apuyrrt 0.9102 QHKNCHY

7Ol



08S  CLASS OROER FARILY SS®  DIR  DIST BOH  RONE RTWO  RTHEEE BRPOUR  LIFESTGE HOGHT THOFLEYL
166 INSECTA TIPTERR CECIDOHYIDAR 3 1 0.8 i G H 1 0 LARYR 311 LITTGRAZ
167 INSECTA DIPTERA CECIDOMYIDAE t t 0.8 2 1 i 3 1 ALULY 2102 UHRNCWN
Y68 IHSECTA GIPTERA CECIDOMYIDAE i 1 0.8 2 ¢ ¢l 3 O LARVA -111 LITTGRAZ
169 IRSECTA DIPTERA CECIDOMYIDRE 1 i 1.2 1 [ ] ¢ 1 ADULT 102 UHEHCOWR
178 THSECT A DIPTERA CECIDOMYIDAE 1 H 1.2 1 3] ¢ H 0 LAR¥A -1t} LITTGRAZ
1714 INSECTA DIPTERA CECIDOMYIDRAE 1 1 1.2 2 2 ¥ L 11 ADULT LIDZ ONENOWR
172 INSECTRA DIBTERA CECIDOMYIDRE 1 i 1.2 2 2 8 6 0 LARVA 111 LITTGRAZ
173 INSECTA DIPTERA CECIDOMYIDRE 1 1 1.6 2 1 1 3 4 ARULT . 102 UNKROWN
174 INSECTA DIPTERA CECIDOMYIDME ' 1 1.6 2 B 40 15 5 LARV:A +111  LITTGRAZ
175 INSECTR DIPTERA CECIDOMYIDAE 1 1 21.0 1 0 0 1 0 ADULT L 102 UNKNOWN
i76 INSECTA DIPTERA CECIDCMYTDAE 1 1 21.0 2 8 2 3 4  ADULT .02 ONEKNOWY
177 INSECTR DIPTERA CECIDOMYIDAE 1 i 2.0 2 8 1 0 1 LARVA 131 LITTGRAZ
178 INSECTR DIPTERA CECIDOMYIDRAE 1 2 Q.4 1 2 G 0 T RDULY <302 GERHOWH
178 INSECTA DIPTERR CECIDOMYIDAE 1 2 0.8 1 3 1 8 &  ADULT 102 UNKRHOWS
180 INSECTA DIPTERA CECIDONYIDAE 1 2 5.8 1 G Q 2 4  LARVR 411 LITTGBAL
181 INSECTA DIPTERA CECIDOMYIDAE 1 2 ¢.8 2 4 3 i3 ¢ ABCLT . 302 URKNOWRY
182 INSECTA DIPTERA CECIDOMYIDRE ¥ 2 0.8 2 0 5 € G LARVR »11Y  LITPGRAZ
183 INSECTA DIPTERA CECIDOMYIDRE 1 2 1.2 i 0 0 0 1 ADULT . 102 URENOWN
184 INSECTA DIFTERA CECIDOMYIDAE 1 2z 1.2 1 0 4 3 17 LARVR 111 LITTGRAZ
185 THSECTR DIPTERS CECIDOMIIDAE 1 2 1.2 2 G 1 g 0 apuLtT . 102  UNKNORN
186 INSECTA DIPTERA CECIDOBYIDAE 1 2 1.2 2 1 23 10 1 LARVA « 111 LITTGRAZ
187 INSECTA DIPTERA CECIDOMIIDAE 1 2 2.0 i ¢ 1 1 t  ADULT . 102 UNKNO®N
188 INSECTR DIPTERA CECIDOMYIDAE 1 2 2.0 i g 0 L} $ LARVE .HiY LITTGRAZ
189 INSECTA DIPTERA CECTIDONYIDAE 1 2 2.0 2 3 1 3 2 apUL? . 132 URKNOWH
§30 INSECTR DIPTERA CECIDOBYIDAE 1 2 2.0 2 iR 7 ki 20 LARVA »11Y  LITTGRAZ
191 IHSECTA DIPTEFA CECIDOMYIDAE 1 4 0.4 2 0 1 0 0 ApuLe L 102 UNKNORN
182 INSECTA -DIPTERA CECIDOMYIDAE 1 4 0.8 2 ¢ 1 0 T LARV) «1tt LITTGEAZ
193 IKSECTR DPIPTERZ CECIDOMYIDAE 1 4 1.2 1 1 0 G 2 LARVA .31t LITTGBAZ
194 INSECTA DIPTERA CECIDOMYIDAE 1 4 1.2 2 2 1 i 9 ADULT L 102 UNKNOWN
195 INSECTRA DIPTERA CECIDORYIDAE ¥ 4 1.2 2 6 g g 5 LARVEA . 111 LITTGERRZ
196 INSECTR DIPTERR CECIDOMYIDAE 2 1 0.4 i 0 ¢ Q i abuLtT . 102 UNKHRCWN
197 INSECTR OIPTERA CECIDOMYIDAE 2 1 0.8 1 2 0 3 3 ADULT 102 UNKNOWH
138 INSECTA DIPTERA CECIDONMYIDAE 2 % 0.8 2 0 4] 3 0 ADYLT « 102 UNKNOWN
193 INSECTA DIPTERR CECIDOMYIDAE 2 i 0.8 2 0 & i 0  LARVA <111 LITTGRRZ
200 INSBECTA DIPTERA CECIDONYIDAE 2 1 1.2 1 ] 4 4 3  ADULT . 102 URKHGuN
201 INSECTA DIPTERA CECIDOMYIDAE 2 1 1.2 2 2z b 4 Y ADULT . 132 URENOWN
202 INSECTR DIPTERA CECIDOMYIDAE 2 1 1.2 2 0 o ¢ 1 LBRVA LYY LITTGRAZ
203 INSRCTA DIPTERA CECIDOMYIDAE 2 H 1.6 2 2 ¢ 2 5 ADULT . 102 UNKNCUR
204 INSECTA DIPTERR CECIDOMYIDAE 2 1 .6 2 u 0 o3 2 LARV: L4111 LITTGRAEZ
205 INSECTA DIPTERA CECIDCHYIDAE 2 1 21.¢ 1 2 2 4] 0 ApHULT . 102 UNKNOWN
206 INSECTA DIPTERA CECIDOMYIDAE 2z t 2.0 Z 1 Q 0 3 ADULI . 302 UNKRQUHN
207 INSPECTA DIPTERA CECIDOMYIDAE 2 2 0.4 1 0 0 H t  ADULT - 102 URKECHY
208 IN¥SECTA DIPTERRA CECIDCHMYIDAE 2 2 8.4 2 Q 4 2 0 LARVA « 11y LITYGRAZ
209 INSECTA CIPTERA CECIDOMYIDAE 2 2 0.5 1 Y 0 ¥ ¢ ADULT . 102 URKNOWN
219 INSECTA DIPTERR CECIDOMYIDAE 2 2 0.8 1 0 Q 1 3 LAEVE 111 LITTGRAL
P IR SECTR DIPTEFA CECIDOMYIDAE z 2 0.8 2 0 Q G T ADULT L 132 UNKHOWE
212 INSECT: DIPTERR CECIDOKYIDAE 2 2 1.2 1 o 4] H 0 sbuL? L 102 UBKNOEN
213 IN SECTA DIPTERA CECIDOMYIDAR 2 2 t.2 2 4 3 0 2 LARYA » 11t LITTGRRZ
214 IRSECTA DIPTERA CECIDO®YIDAE 2 2 2.0 1 f 2 & } aDULY . 102  URKNOWN
21% INSECTA BIPTERRA CECIDOSYIDAR 2 2 2.0 H 1 9 0 0  LARVA «¥1Y LITTGRAZ
216 INSECTR DIPTERA CECIDOMYIDRE 2 2 2.0 2 i 5 g 2 ADULE - 102 UHENCUN
217 INSECTS DIETRRA CECIDOMYIDAE 2 ] 2.0 2 3 4] 5 3 LARVZ LYY LITTGERE
218 INSECTA DIPTERR CECIDOXYIDAE 2 4 0.4 1 0 1 0 0 ADULY 302 URKNOHEN
219 INSECTA DYP TERA CECIDOSYIDAS 2 4 4.4 2 ] [\ ¢ 31 LREVR .§1Y LITTGRAZ
220 INSECTA DIPTERS CECIDCHYIDAE 2 4 0.8 1 0 2 0 T ADULTY « 102 UNEROEN



CLASS ORDER PAMILY SS¥ DIR DLIST HOR RONE RTHO RTHREE RPOUR LIVESYGE MGHT TROFLEYL
I¥SECTA DIPTERA CECIDOMYIDAE 2 4 0.8 } 0 0 5 U  LABRYa <187 LITTGRAZ
INSECTA DIPTERA CECIDOMYIIDAE 2 4 0.8 2 2 ¢l 0 0 AD3LT JI02  UARHOWY
INSECTA DIPTERA CECIDOXYIDAR 2 4 1.2 1 2 0 2 i ADULT 102 URK¥OHN
IMSECTA DIPTERA CECYDONYIDAE 2 4 1.2 1 0 0 2 0 LARVA 3111 LITTGERZ
INSECTA DIPTERA CECIDOMYIDAE 2 8 .2 2 3 0 0 0 ADULT . 102 UHAROWE
INSECTA DIPTERSA CECIDOMYIDAE 2 4 1.2 2 Q 13 2 tOLARYA <111 LITTGRAZ
INSECTA DIPTERA CECIDOMYIDAE 3 3 0.0 3 0 1 0 Y OADULT <102 URKHOWH
INSECTA DIPTERA CECIDOMYYDAE 3 1 0.4 2 ] 0 0 ¢ ADULT <302 UNRHOWN
INSBCTA DIPTERA CECIDOMYLDAE 3 1 0.8 3 1 3 % ¢ ADULY <102 URK¥OWH
INSECTA DIPTERA CECIDOMYIDAE 3 1 0.8 2 1 1 0 0 aDULT L 102 UYKBROWE
INSECTA DIPTERA CECIDOMYIDAE 3 } 0.8 2 0 0 ] 3 LARYA »311 LITTG2R4AZ
INSECTA DIPTERA CECIDOKYIDAE 3 1 .2 i 9 0 k) ¢ ARdULT 102 UNEHOAY
INSECTA DIPTERA CECIDONYYDAE 3 1 1.2 2 1 0 2 6 ADULT «i0¢ UNKNOEH
INSECTA DIPTERA CECIDO®YIDAE 3 1 1.6 1 0 0 2 1 ADULY 102 UNLKHO¥W
INSECTA SIPTEERA CECIDOMYIDAE 3 ! 1.6 } 0 0 2 0 LRRYA L1117 LITTGRAD
INSECTA DIPTERA CECIDOMYIDAE 3 § 1.6 2 2 Q 0 Q4 ADULT 302 UNKHOWN
IR SECTA DIPTERA CECIDORTIIDAE 3 §21.0 i 0 G ] 1 3DULT 02 UNKHORWM
INSECTA DIPTERA CECIDONYIDAE 3 1 21.90 2 i 0 i i ADULLI . 102 UY¥XHORH
INSECTA OIPTERA CECIDORYIDAE 3 1 21.0 2 3 Q 1 1 LARVA . 191 LITTGRAZ
INSECTA DIPTERA CECIDOHYIDAE 3 2 0.4 2 1 0 Y] 2 LARVA . 131 LITTGRAZ
INSECTa DIPTERA CECIDONMIIDAE 3 2 1.2 3 ¢ 1 0 0 1amn¥a 111 LITTGRAZ
INSECTA DIPTERA CECIDOMYIDAE 3 2 .2 2 i G 0 0 LARYA 131 LITCGRAZ
INSECTA DIPTERA CECIDONYIDAE 3 2 2.0 ¥ Q 3 0 0 ADULT L 302 UVUENORY
INSECTA DIPTERA CECIDOMYIDAE 3 2 2.0 2 0 14 Q 1 ADULT .402 UNXHOWY
IN SECTA DIPTERA CBCYIDOMTIDAE 3 2 2.0 2 [¥] 0 3 1 LARYA <111 LITUGRAZ
INSECTA DIPTERA CECIDOMYIDAE 3 8 0.4 1 4 a 3 ! ADULT . 902 UNKHOWXN
INSECTA DIPTERA CECIDOMYIDAE 3 L 0.8 3 2 4 3 6 adULY . 902 UBKHOWN
INSECTA DIPTERA CECIDOHYIDAE 3 4 G.8 2 2 Q 1 0 &boULT <302 UBREBOWN
ITNSECTA DIPTERA CECIDOMYIDAE 3 4 1.2 1 0 3 { 2 ADYULT <102 UMKHOWN
IHSECTA DIPTERA CECIDONYIDAE 3 4 1.2 2 0 0 2 T ADULT . 102 UNKEOWXR
I SECTA DIPTERA CECIDOHYIDAE 3 i 1.2 2 5 0 0 O  LARVA «11Y LITTGRAZ
INSECTA IPTERA CECIDONYIDAE b 5 0.4 K 3 3 3 O LARYa . 111 LITTGRAZ
INSECTA DIPTZRA CECIDORYIDAE 4 3 O.4 2 3 0 0 0 Lagva L3111 LITTGAAZ
TNSECTA DIPTERA CECIDOMYIDIE 4 1 0.8 1 3 0 i 2 TLARVA .19 LITTGERAZ
INSECTA DIPTERA CECIDOMYIDAE 4 1 0.8 2 2 0 0 1 L&RYA <111 LITTGRAZ
INSECTR DIPTEKA CECIDONYIDAE 4 i t.2 B G 0 4 1 LaRYA L1310 LITIGRAZ
INSECTA DIPTERA CECIDOMYIDAE & 1 3.2 2 3 § 37 0 LiRVa «111  LITTGRAZ
TN SECTR DIPTERA CECIDORYIDAE 4 3 1.6 3 0 0 1 1 LaBYa 3P LXTTGRAZ
INSECTA DIPTERA CECIDOMYIDAE L 1 1.6 2 3 31 5 0 LaRv¥a L1183 LITTGRAZ
INsECcTA DIPTERA CECIDOMYIODAE 4 1 2y.0 1 1 Q 2 2 LAaRVA 311 LITTGRAZ
INSBCTA DIPTERA CECIDOMTIDAE 4 21,0 2 1 0 0 0 4JULT .02 UNKHOUN
ZNSECTA DIPYERA CECIDOMIIDAE 4 § 21.0 2 8 5 21 S LARVA <131 LITTGREAZ
INSECTA 0DIPTERA CECIDOMYIDAE b 2 0.8 3 9 0 1 i LARVA <311 LITLGRAZ
IH SECTA DXP?T2RA CECIDOMYIOAE 4 2 0.8 2 2 o) 4 4 LARYA L33 LITYPERADZ
I¥SECTA DIPTERA CECIDOAYIDA Y &4 2 1.2 1 3 4 2 4 LARVA .411 LITTGRAZ
INSECTA DIPTERA CECIDOMYIDAY 4 2 1.2 2 30 0 6 29 LARYaA 1%l LITTGRAZ
INSECTA DIPTERA CECIDOMYIDAE % 2 2.9 i 0 0 4 3  LARVA <811 LITTGRAZ
INSECTA DYIPTERA CECIDOHMYIDAE 4 2 2.0 2 1 0 H 0 apgre . 302 UNKNO®Y
IHSECTA DIPTERA CECIDOHYIDAE 4 2 2.0 2 \L) 11 4e€ 24 LARYA <111 LITTGRAL
IHSECTA DIPTERA CECIDONYIDAE i “@ 8.4 1 1 0 0 0  ADULY . 102 GHERHOHY
IHSBECTA DIPTERA CECIDONMYIDAE 4 4 0.4 2 0 0 0 4 ADULY . 102 UHKHOYYM
INSECTA DIPTERA CECIDOMYIDAE 4 L 0.4 2 7 Q 0 0 LARVA PRRR| ITTGHAZ
IMSECTA DIPTERA CECIDCHTIDAE 4 4 0.8 3 3 bl 9 0 LARVA «131 LITTGRAZ
INSECTA DIPTERA CECIDOBYIDAE & L) 0.8 2 1 0 9 G LARYA 731 LITO?GRAZ
I9SECTA DIPTRRA CECYIDOMYIDAE U 4 1.2 ¥ 0 1 g 0 LAaRvYA .11Y LITTGRAL

901



CLASS

INSECTA
IRSECTR
INSECTR
INSECTR
INS BOTA
INSBCTR2
INSECTA
INSECTR
IBSECTR
INSECTR
INSECT2
INSECTR
INSECTR
INSECTA
IRSRCTA
INSRCTR
IRS BCTR
THSECTR
THS ECTA
IS ECTR
THSECTR
IRSECTR
INSBCTA
NS ECTA
INSECTA
IASECTA
INSECTA
I¥S ECTR
THSBCTA
I8S BCTA
IKS ECTA
LS ECTE
£ESBCTA
INSECTY
{HS BCTA
IHS FCTR
INS BCTR
IWSBCTE
INSBCT2
INSECT2
IKS ECTA
IRSECTR
INSECTR
THS BCT R
LHSECTE
THS BCTA
IHS BCTA
INSECTA
TRS BCTA
INS ECTR
INS PCTR
THS ECTH
INSECTA
THS BCT

INSECTA

ORDER

DIPTER 3
DIPTERR
DIPTERA
DIPTERA
DIPTERS
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTEKA
DIPTERA
DIPTEHA
DIPTERE
DIPTERE
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERR
DIPTERA
DIPTERK
DIPTERE
DIPTERA
DIPTERA
DIPTERR
DIPTERA
DIPTERR
DIPTERZ
DIPTERA
DIPYERR
BIPTERR
DIPTERR
DIPTERA
DIPTERR
PIPT SRR
DIPTERR
DIPTERR
DIPYERR
DIPYERR
DIPTERA
DIPTERR
DIPTERA
DIPTERR
DIPTERA
DIPTERR
BIPTERR
GIPTERR
DIPTERA
DIPTERA
DIPTRHA
DIPTERA
DIPTERA
RIPTERR
DIPTERA

FRrILY

CECIDOMYIDAE
CHRIRORONIDAR
CHIROHCNIDAE
CRIRONOKIDAE
CHIBOBONIDAE
CHIRONOMIDAE
CHIRONORIDAE
CHIRORCHIDAE
CHIRONOMIDRE
CHIRONCHMIDAE
CHIRONOMIDAE
CHIRONORIDAE
CHIRONOHIDAE
CHIKONGHIDAR
CHIROROMIDAR
CHIROBCNIDAE
CHIRCNOMIDAZ
CHIRONOMIDAE
CHIRONOBIDAE
CHIROBQEIDAE
CHIRONCHIDAE
CHIRONOMIDAE
CBIRONOHIDAE
CHIRONOMIDRE
CHIRONOHIDAE
CHIRONONIDAE
DROSOPRILIDAE
SARCOPRAGIDAE
SARCOPHRGIDRE
STRATICHYIDAE
STRATIOMYIDAE
STRATIORBYIDAE
STRATIOKYIDAL
STRATIOMYIDAE
STRATICHYIDAL
STRATIONYIDAL
STRATIORYIDAE
STRATICMYIDAE
STRATIONYIDAE
STRATIGRYIDAE
STRATION¥IDAE
STRATIOHYIDAR
STRATIORYIDAE
STRATIOHYIDAE
STHATIOBYIDAE
STRATIOKYIDAL
STRATIORYIDAS
STRATIORYIDAE
STRATIONYIDEE
STRATIONYIDAR
STRATIGHYIDAE
STRATIOMYIDAE
STRRATIONIIDAR
STRRTIOBYIDAR
STRATICNTIIDAE
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LIFES

LaRvA
&DULT
ADULYT
ALULT
ADULT
RDULT
ADULT
ADULT
ADULT
ADULT
ADULT
ADGLY
&00LYE
ADULET
ADULT
ADULY
ARULT
ADULT
ADULT
ADULY
ADULT
ADULT
ADULT
ADULT
RDULT
A00LY
LBRVA
ADDLY
ADOLT
LARVA
LARYA
LARVE
LABYSE
LARYR
Lagrva
LARYR
LARVA
LARYR
LARVE
LARVA
LARYA
LA&RVA
LARY2
LARYR
LaBRY¥2
LARVR
LARVYA
LARYR
LARV:
LARYR
LARYR
LARYS
LaRva
LARYR
LARVA

TGE

HGW T

0.11%
8.635
0.035
¢.035
¢.035
6.035
0.G35
0.033
2.035
$.03%
G.03%
0. 035
0.03%
0.035
0.C035
. 033
¢.035
0. 035
0.403%
Q.483%
0.03%
G. 035
G.03¢8
0.C35
6.035
0.035
G.020
6,475
6.475
0.02¢
0.8z¢
G.02¢6
§.08
G026
G.02¢8
G6.026
4,026
€.026
0,026
.06
¢.028
0.02¢6
¢.026
G.085
0.026
G.02¢6
9,826
0,0z6
G.026
0.026
G.02¢
G.02%
4.02¢
3,026
6,026

TROFLEYL

LITTGRAL
UNEBO S
UNKFCHY
GHENORE
GRKNO RN
URKNOEN
UNEKCHE
UNKHCHE
UNKNCUN
GHKNOWN
UNKHOHN
UNKNOKN
BHKNOUE
GHENCHN
UNKNOWY
GRKROUR
URKHOKN
UNKNO ¥
GRKNCHE
UHRNO U
URRHORN
UHKRORE
GRKNOWY
URKNOSH
URENON K
TREROEN
FUSGIVOR
DETRITIV
CETRITIY
DETRITLIV
DETRITIY
DETRITIV
BETRITIV
DETRITIV
DETRITIY
GETRITIY
DETRITIY
SETRITIY
DETRITIV
DETRITIY
BETRITIY
DETRITIV
DETRITIY
DETRITIY
DETRITIV
BETRITIY
GETRICIY
DETRITIV
DETRITIV
DETRITIY
BETRITIV
CRTRITIV
DETRITIY
DETEITIY
DETRITIV

L0}



0 as
331
332
333

CLASS

IRSECTA
THS BCTA
TYS ECTA
IHSBCTA
LHSECTA
I¥S ECTA
INS BCTA
TS BCTA
THS ECTA
IHS ECTA
TRSECTA
INSECTA
INSECTA
INSECTA
ITHS BCTA
INSECT2
I¥SBCTR
IHSBCTA
Tus8CTA
IASECTA
THUSECTA
I#S ECTA
INSECTA
TIHSECTA
INSECTA
T¥S ECTA
INSECY

INSECTA
TMSECTA
INSECTA
INSECTA
IHSECTA
I9S ECTA
TUSECTA
IdS3CTA
LHS ECTA
ITHSECTA
INSECTA
INSECTA
INSECTA
TIHSECTA
IHS ECTA
I#SECTA
I¥SECTA
IXSECTA
I¥SECTA
IHSECTA
IHSECTY
THSECTA
INSBCTA
IBS BCTA
INSECTA
THSECTA
IUSECTA

I4EECY

ORDER

DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DYPTERA
DIPTERA
DIPTERA
DIPTERA
CIPTERA
DIPTERA
DIPTERA
DIPTEZRA
DIPTERA
SIPTERA
DIPTERA
DIPTERA
DYPTERA
DIPTERA
DIPTER A
DIPTERA
DIPTERA
DIPTERA
OIDTERA
DIPTERA
DIPTZERA
DIPTERA
DYIPTERA
DIPTER A
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTER A
DIPTERA
DIPTERA
DIPTERA
UIPTERA
DIPTER A
DIPTER A
DIPTER A
DIPT ERA
DIPTERA
DIPTERA
DIPTERA
DYPTEEA
DIPTERA
DYPTERA
DIPTERA
DIPTERA
DIPTERA
DIPTERA
DIPLERA
DIPTERA
DIPT ERA

PAMILY

STRATTOMYIIDAE
STRATIOMYIDAE
STRATICHYIDAE
STEATICEYIDAE
STRATICKYIDAE
STRATIONMYIDAE
STRATIOMYIDAE
STRATIONYTDAE
STRATIOHYIDAE
STRATIOMYIDAE
STRATIOMYIDAR
STRATIOHYIDAE
STRATICHYIDAS
STRATICHYIDAE
STRATIONYIDAE
STRATIOEYIDRAE
STRATIOKYIDAR
TRICHOCERIDAE
TRICHOCERIDAE
TRICHOCERIDAE
DOLICHOPODIDAE
DOLICHOPODIDAE
BOLICHOPODIDAE
DOLICHOPODIDAE
DCLICHOPODIDAE
DCLICHOPGDIDAE
DOLICHOPODIDAE
DOLICHOPODIDAE
DO LICHOPODIDAE
DOLICHOPODIDAER
DOLICHOPODIDAE
DOLICHOPODIDAE
DOLICHOPODIDAS
DOLICHOPODIDAE
DOLICHOPODIDAR
DOLICHOPODIDAE
DOLICHOPODIDAE
DOLICHOPODIDAE
DOLICHOPODIDAS
DOLICHOPODIDAZ
DOLICHOPODIDAE
R{CETOPRILIDAE
YYCETOPHILIDAE
HYCETOPHILIDAE
EICETOPHILID AR
K{CETOPHILIDARE
K{CETOPEILIDAE
HYCHETOPHILIDAE
HYCETOPHILIDAE
HY{CETOPHILIDAE
¥YCETOPHILIDAZ
MYCETOPHILIDAE
NI CETOPHILIDAE
RYCETOPHILID AR
BYCETOPHILIDAE

ssH

Lo~ <= SRRV N VS A VY VR

KR A NI N PRI N e e v 2 e ST OB L

=E e S e

R Y

LS T O N S I R i

o
=4
x

o B wer BT R AD B RO B s e w5 s oA i TR R s

T - B~ T N . T I T R

LR

5

[

21.0

1.

.
C’G\NOOcCDO"NCDU)NOOC‘\MI\)OO?\JOOM(D@OO‘NGD51‘3’-‘[\)0&)

[~
P N
N DEENNOTEOINDEND DR

IR

- DO R DO C -l i O T e D

HOR

B v PO B m B0 @ D O NI @ ONNN N ~NRN ol s RRNRORNORD NN =R«

— s N

KONE

OO wNONWONNTONOOON

£t

et DO OO e O =2 C wOOOL OB

F 2D OO 0O .

£

-

o
*3
x
(=]

ws

-o-néOidd-C-u'OOC)t:JOOGOOOOC\--*COOOOCOOOOOO@»C)OONCOOOGMNU\ONOOO!\)N

RTHRZE

0
i

e

G
0

~¢oG‘o—-ODQO..uOQO—oOOQQusococ—-Ow".oo.ardooooooow.—nm@omwOOt*

RFQUR

D C O 200N OO BLOO

5 s D DO OO OOCDT O DO

O T s o ON

LYIFESTGE

LARVA
LARVA
LaRVa
LaavA
LARYA
LARYA
LAiRVA
LARVA
LARVA
LARYA
LARYA
LARVA
LARYA
LARV]A
LARVA
LARYR
LARVS
LARYA
LARVA
LARYA
LARVA
LARYA
LARVA
LaRYA
LARYA
£DULT
LARYA
LaRYS
LaRvay
apuLY
LARVA
ADOLT
ADULY
LARVA
L3RVa
LigvYs
LaBRYa
LARYA
LARYA
LARYA
Lanva
ADULT
ADULT
ADULT
4DCLT
ADULT
ADULY
ADULT
ADULT
ADULT
ADULY
ADLLT
ADULY
ADULT
ADULY

HGHT

0.026
0.026
0.026
0.026
0.025
0.025
0.026
Q.0286
0.026
0.0286
0.026
0.026
9.026
0.029
0.026
0.9025
0.026
3.650
3.659
3.859
0.120
0,120
0.320
0.129
0,129
0,330
So 120
G120
0.120
0.330
0.9249
G. 330
0,330
0.920
0. 120
0.3290
5. 320
Ge 120
0.1320
0.120
0.1290
0.049
0.049
0.0u9
0.069
0.0L9
9.069
.09
0.049
C.Cs9
C.0u9
0. 049
0,049
0,049
0.069

TROFLEVL

DETRITIV
DETRITIV
DETRITIY
DETRLTIY
DETRITIY
DETRITEV
DETRITLIY
DETRITIV
DETRITIY
DECRITIY
DETRITIV
DETRITIY
DEYRITIV
DEYAITIY
DETEITIY
DETRITIY
DETRIVIY
DETRITIY
DETRITXY
DETRITIY
PREDATOR
PREDATOR
PREDATOR
PREDATOR
PREDATOE
PREDATOR
PHREDATOR
PREDATOR
PREDATOR
PREDATOR
PREDATOR
PREDATOR
PHREDATOR
2REDATOR
PREDATOR
PREDATOR
PHXEDATOR
PEEDATOR
PREDATOR
P2REDATOR
PREDATOR
UNKHYORH

UHKHORY

UNRHOWH

YHKHOBY

YRLHORA

UNNHO KM

UNEROER

GHER¥OWY

ggdous

YHKHONH

UNEROWY

GREWOWN

VHRIOHN

UNKHO¥H

801



GBF  CLASE QRDER FRAILY BS¥  BIR BIST? HOUR  RONE RTWO STHREE AFOUR LIPESTSHS BGHT TROFLEVR
3856 INSECTA DIPTERA MYCETOPHYILIDAR 2 t 1.6 2 1 2 1 0 ADULY C.0hY UBKEOHE
387 INSECTA DIPTERA HYCETOPHILIDAR 2 & C.d i ¥ 3 1 0 ADOLT 0. 043 UREKHORE
388 IHSBCTA DIPTERA BYUETOPHILIDAR 2 4 ¢, 4 2 9 L] 9 ¢ apuLT Q.0u8  UNEKNORN
345 IBSBCTR DIPTERA KYCETOPHILIDAR 2 4 G, 8 1 0 G G 0 aboLT G.043 URKHORK
39¢ THSECTR DIPTERA SYCETOPHILID AR 2 4 1.2 1 9 g k] 2 &DULY G.029 GNKNORYN
391 TRSRCTR DIPTERY HYCETOPHILIDAR 2 & 1.2 2 2 0 H 0 sDULT G.08%  UBKHONM
392 INS ECT DIPTERA HYCETOPHILIDAR 3 1 1.6 2 ¢ Q i 8 ADULT 0,043 UNEKKOHR
393 INSECTN DIPTERR CERATOPOGONIDAE 2 2 $.2 2 0 ¢ H 0 BRDULYT 0,058 FREDATOR
394 IHSECTR DYPTER A CERATUPOGONIDAE 3 2 2.¢ ¥ i < o 1 apgLy 0.058 PREDATOR
395 INSECTR DIPTERR CERATOPOGONIDAE g LA PR § 1 1 4 ¢  apunt ¢,058 PREDATOR
396 IRSECTA DIPTERA CERATGPOGONIDAE 4 to21.0 é 4 g f 0 ADULY G.058 PEBEDATOR
397 INSECTRA PROTUR R UNRNOWN ] o21.¢ 2 0 ¢ % 2 ADBULT 0.008 DETRITIY
398 INSECTA PROTURA UBKHOWN i 2 t.2 2 4] Y 3 9  ADULT 4,008 DETRITIV
299 INSECTA PROTURA GHEROWH 1 2 2.0 1 1 9 o i RDOLY 0.008 DETRITIV
4030 INSECTR FROTUKRA G NKNCOHN 2 1 C.4 2 H ] G ¢ RDULT G,008 DETRITIV
4013 INSBCTR PROTIRR GHRKBOWR 2 o210 Z 1 [4 ¢ 4  ADULT G,008 DETBRITIV
§02 INSECTR PROTURA UHKROWE 2 2 1.2 2 ¢ [¢] 4] ¢ ADULT ¢.008 DETRITLYV
403 IRSECTA PROTURY GREROWY 2 & 0.8 2 1 ¢ ra G ARULTY 0,008 PQRETRITIV
404 INSECTA PROTUR S UHRNOWH 2 4 0.8 2 Q Y 4] ¥ AbULT 0.008 DRIRITIV
405 INSECT2 PROTUORA UNEKNOUWN 3 1 21,0 2 3 G 2 0 BDULY 0.006 OETRITIV
806 IS ECTR PROTORA UNKNOWR Y 2 a.8 2 0 0 4 $  ADULT 0.008 DETRITIV
407 INSECTA ISOPTERRA URKNOWN 1 1 1.6 2 ] 6 0 O ARULT ¢.302 OEBETRITIV
808 IBSECTA ISOPTERA URKNOHR 3 8 1.2 2 0 u G 5 ADUBLY G.302 DEIRITIY
409 IRSECTR HEMIPTERE ARADIDAR 3 L3 £, 2 2 G [¢] g t  RDULY §.88G FUNGIVOR
%30 IWSETTR HEXIPTERA KEDUVIDAE ¥ 1 1.6 2 ¢ 0 0 ¥ ABULY 1.73¢ - PREBDRTICE
41 INS ECTA HESIPTERA REDUYIDAE i 2 t.2 Z ¢ Q i 1 RDBLYT 1.73¢ PREDRTOH
b1z INSECTR HEMIPTERS REDUVIDAR 2 4 0.4 2 ¥ 0 G § RDOLT 1.730 FEREDRTIOR
413 IRSECTA HESIPTERA REDUYIDAE 2 4 1.2 2 G G 3 ©  RDOLY 1. 730 PHEDRTOK
4ty IRSECTA HEMIPTERE REDUVIDAE L 1 8.8 2 ¢ % 9 ¢ ABULT 1,730 PREDATOE
15 INSECTA HAEBIPTERR REDYVIDAE & % 0.8 z Y 2 < O ADULT 1.73¢ PREDATOR
§1g THSECTS COLEOPTERA THENO¥N 1 i G.u 2 0 g S 2 LAR¥3 0.035 UUKEO®N
417 IRSECTH COLEQPTERA THKNOWH ¥ ¥ 1.6 2 5 Q a 9 LABWA 4,035 URAKOWSR
418 INSECTR COLEOPTERS UHERORH 1 2 6.8 i ¢ G i G LA&BRVa 0,035 ONKBO®N
413 INSECTA COLEQPTERA UNENCHE % 2 0.8 2 ¢ 9 ¥ G LABRYR G.03% UVHENOBN
420 IRSECTA COLEOPTERR UHEROWN % 2 1.2 2 ] G ¥ ¢ LARVR 0.03% UHKNORN
2t IRSECTA COLEOPTERA DWENOWH H 2 2.0 1 0 9 ¢ T OLABYR 6,035 UHKRORR
422 INSECTA COLROPTERE TREROWY | 2 2.0 2 4 0 0 i LABRYA §.035% UHARORR
423 I¥SECTA COLEOPTERA UMENCHH 2 § 1.5 2 ¢ G 3 § L&RVY §.83% UHEBOER
428 IRSETTA COLEQETERY VURBOUN 2 [ 2 2 4 2 ¢ LARVR 2,035 UNFRO®R
428 I¥SECTR COLEOPTERR URKRO WK 2 Z 2.4 1 g [ 4 G LABV: G,035 UBEEHORN
426 IRSECTA COLEQPTERE UNKNORY 2 F4 0.8 ] ] 4] 0 T LARYR 0. 035 UNEROHN
4§27 INSECTH COLEQPTERA UNKROHY 2 2 t.2 i 0 0 ] T LARV2 0.035 URKHGRS
428 INSECTR COLEQOPTERA UNKNC®Y 2 2 1.2 2 2 & & 0 L&R¥a 0,035 OJNENOAR
%29 INSECTA COLEOPTERA ONKNOWN 2 2 2.0 2 Q Q 3 3 LARYa U.03% QHENOSH
43¢ INSECTR COLEOPTERA CHENQHY 3 % .8 i O Y o T LARV¥R 0,035 DHRHORH
431 INSECTR CGLECPTERE BHEROKY 3 ¥ .8 2 1 o o 6 LaRVA G,035 UBKHORR
432 IRSECTR COLEOPTERA BEEROUN 3 i 1.6 1 2 ¢ O 0  LABY2 0.033 UBRKRGHER
%33 IRSBCT COLRUPTERE UHENOWX 3 1 2%.¢ 1 ¢ 0 ¥ 4 LARYR 3,035 UHRMCHER
3k INSECTR COLEOPTERA UNKNO WH 3 t 20.6 2 8 2 2 Z  LaRV: 0. 035  UNNNOBY
$3% IRSECTR COLEOPTERA UNKENOWH 3 2 3.2 i Q 2 ¥ ¢ LARV: C.035 GNRBOHN
436 INSECTR COLECPTERR UNKROWN 3 2 1.2 2 G Z 4 2 LaB¥a $.03S UHEKROWN
437 INSECTR COLEOPTERR URRROWN 3 2 2.0 1 Y 1 ¢ 0 LBRV2 G.C35 UHENORNW
438 INSECTR COLEOPT ERR UHKHOWY 3 2 2.0 z 4] 4] k] 0 LEBYA 9.035 UNKNOYS
439 IN¥S BCTR COLECPTERY DHENOWYE 3 % 0.8 2 1 0 4] 0 LARYA J.035 UNEHOWN
540 INSECTA COLEQPTERA THENOHN 3 4 1.2 i 4] 1 1 2 LARYY 3,035 UNRNORY
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0BS
44y

463
Lol
445
546
tu7
448
449
450
651
452
453
458
455
45%
4s?
458
459
460
461
552
63
B6h
H6S
466
467
463
869
479
473
572
673
)
475
478
477
478
479
480
483
582
683
L84
4ss
456
un
Hes
[(R3%]
490
%91
892
493
491

k95

CLASS

INSECTA
THSECTA
INSECTA
IWSECTA
IHS BCTA
THSECTA
TUSECTR
IHSECTA
INSECTA
INSECTA
TINSECTA
IXSECTS
INSBCTA
IBSECTA
IHSECTA
INSECTA
ITHSECTA
IHSECTA
I¥SECTA
IHSECTA
IMSECTA
T¥SECTA
IRSECTA
INSECTA
INSECTA
INSECTA
INSECTA
THSECTA
TXSECTA
THSECTA
THS ECTA
INSECTA
TASECTA
I¥SECTA
INSECTA
INSECTA
INSECTA
THSECTA
I¥SECTA
LNSECTA
INS BCTA
INSECTA
YTHSECTA
I3gECTA

CrA
TR G RCTA
IN3BITA
INSECTA
LHSEC™A
I¥SECTA
I¥SECTA
INSECTA
INSECTR

ORDER

COLEOPTERA
COLBOPTERA
COLEOPTERA
COLEQPTERA
COLEOPT ERA
COLEJPTERA
COLEQPTERS
COLEOPTERA
COLEOPTERA
COLZOPT BRA
COLZOPTZRA
COLEQPTERA
COLECGPTERA
COLECPTERA
COLEOPTERA
COLEOPTERA
COLEOPTERA
COLEOPTERA
COLECPYTERA
COLEUPTERA
COLEOQOPTERA
COLFOPTERA
COLEOPTERA
COLECPTERA
COLFOPTERA
COLEQPTERA
COLEOPTERA
COLEQPTERA
COLEOPTERA
COLEOPTERA
COLEQPTERA
COLEQPTERS
COLEQOPTERA
COLEQPTZERA
COLEQPTERR
COLEQPTERA
COLEOPTERA
COLEQPTERA
COLEGPTERA
COLEOPTERA
COLEOPTERA
COLEOPTHERA
COLEOPTERA
COLE0PTERA
COLBOPTERA
COLEOPT BRY
COLEQPTEZ A
COLEOPTERA
LOLEOPTERS
COLEQOPTERA
COLEOPTERA
COLBCPTERA
COLEZOPTERA
COLEOPTERA
COLEOPTERA

FAMILY

UXKEOWH
UNKNOHN
UNEMOBN
UNENO®YN
UHKNO WY
ONLNOHH
URKNOHY
URKNCES
UNRNOEM
UNKBOEY
CRRABIDAE
CRRABIDAE
CARABIDAE
CARABIDAE
CARABIDAE
CABRABIDAE
CARABIDAE
CARABIDAE
LAGRIIDAE
PUTILIIDAE
PTYLILIDAE
PTILIIDAE
TILIIOHKE
PTILIIDAE
PTILIYDAE
PTILIIDAZE
PTILIIDAE
PTILITDARE
PTILIIDAR
PTILIIDAS
2TILIIDAS
PTILIIDAE
PTILIIDAE
PTILITDAE
PTILITIDAE
PTILIIDAE
TILIIDAE
PYILIIDAE
PTILIIDAE
PTILIIDAS
PTILIIDAE
PTILILIDAE
PTILITIDAE
PTILIELDAE
PTILIXIDAE
PYILILDAE
PTILIIDAE
PTILIIDAE
PTILILDAE
PTL{LIIDAE
PTILIIDAE
PTILIIDAE
PIXLIIDAZ
PTILYIDAE
TILIIDAE
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LIFESTGE

LARVA
LARVA
LARVA
LARYA
LARYA
LARYA
LARYA
LARYA
LaRVA
LARYVA
LaRvVa
ADULY
apyiy
ADULT
LARVA
A0ULT
LARYA
A400LT
LARVA
ApuLy
ADULY
ADULT
ADULT
ADULT
ADULT
ADULY
ADULT
ADULT
ADULT
4DJLT
ADGLY
ADOLT
AQULT
ADULT
ADOLT
ADULY
ADULY
ADULT
aDlLY
ADDLT
ALULT
ADULT
ADOLY
ADULY
aDULT
ADULT
ADULT
apuLe
ADILY
ADULT
ADULT
ADULTY
ADULY
ATULT
ADYLT

HGHE

0.035
0.035
3.035
0.035
0.038
0.035
0.03%
0.035
0.035
0.035
0.350
5.033
6.033
6.033
0.3%0
6.033
0.350
§.033
17.180
2.127
8,127
$.927
0.127
0.127
G.127
0.127
0.127
0.327
0.127
0.527
0.127
0.127
0.127
0.327
0.527
0.327
0.127
o.127
.127
0.i27
0.127
0.127
D.127
0.127%
0.127
0.127
0.327
0.127
0.%27
0.127
0.127
0.127
¢.127
0.127
0.127

TROFLEVL

UNKNCWY

U¥KYQHY

UEENORHE

UGHKNCHN

UHKHOE Y

UNKNCHR

GHKHCHN

GHXHOdH

PELS IR

UNK¥QOHN

PREDATOR
PREDATCR
PREIDATOR
EBEDATOR
PREDATCR
PEEIDATOR
FHEDATOR
PREDATOR
DETRITYVY
PUNGLYOR
FUNGIYOR
PUNGIVTE
FUHGIVOR
FUNGIV¥OR
FURGIYCR
FU¥GIYOR
FUNGIVOR
FOUGIVOR
FUBGIVOR
FUNGIYOR
FU4GIYOR
FPUOAGZIYOR
FUXSIVOR
FURGIVOR
FOHGIVCE
PUAGIVOER
2UNGIVOR
FUNGIYCH
Fu¥GIvOR
PUNGIVCEH
2yBGIvoR
FONGIYOR
FUNGIVOSR
FUNGIVOR
PUHGIVCE
PUXGIVOR
FUNGIVOR
PUNGIYCE
PUHGIVOR
PUNSIVOR
FUNGIYCR
FUNGIYOR
FUNGIYOER
FURGIVCR
FURGIVYOR

oLt



CBE  CL&SS QRDER PRALL 558 OYE  LIST HOR  RONE  RTWO BYHREE REGUR  LIFESTGE GNT TROPLEVL
496 IHSECT CCLEOPTERR PTYILIIBAE § 4 0.8 2 1 G ' 0  ADULT G. 127 FBHGIVOR
537 INSECTR CULEQPTERR PTILIIDAE 4 4 1.2 2 Z ¢ g §  ADULT G. 127 FBEGIVOSR
4985 INSECTA TGLEQGPTERR SILPHIDAE 4 4 G.8 2 G 4] 1 ¢ ADULY C.u60 DETRIYIY
499 IRSECTR COLEGPTERR ELATERIDAR 1 1 G. 4 2 3 G ¢] O LARV:A 0.253 DETRITIV
500 IHSECTR COLEOPTER R ELATERIDAR i % 0.8 2 o G % U LARVA 0.253 DETRITIY
501 IRSECT: COLECPTERA ELATERIDRE 1 1 1.2 2 0 0 1 3 LARV: 0.253 DETRITIV
5G2 IKS ECTR COLEOPTERA ELATERIDAY 1 H 1.8 2 3 2 1 O  LARVA ¢.253 DETRITIV
503 INSECTR COLECPTERA ELATERIDAE 1 T21.0 1 0 o 1 G LRRVE 0.253 DETRITIV
504 INSECTA COLEGFTERR ELATERIDAF 1 vo21.¢ 2 i 0 1 ¢ LARVA 0.253 DETRITIV
565 INSECTR COLEQPTERR ELATERIDAE i 2 0.8 i g g G ¥ LARVA 0.253 DETRITIV
506 INSECT2 COLECPTERA ELATERIDAR 1 2 G. 8 2 i 2 ] 0  LARVA $.253 DETRITIV
5¢7 INSECTR COLEOPTERR ELATERIDAR % 2 1.2 1 [ G G 3 LARVA $.253 DETRITIV
5G8 INSEBCTA COLEQOPT ERR PLATERIDAE 1 Z 1.2 2 i g % 3 LARVA 6,353 DETBITIV
50% IBSECTR COLEOPTERR ELRTERIDAE 1 Z 2.0 2 2 ¢ i 0 LAHVA 0,53 DETRITIV
510 IHSECTA COLECPTZRS BLATFRIDAE 1 L} 0.4 2 Y 8 H 8 LARVA 0,253 DETRITIV
S TBSECTS COLEOFT Eft 3 ELATERIDAR 1 4 0.8 2 4 b ¢ Y LARVSE ¢.253 DETRITIV
512 TRSBCTR CQLEOPTERR ELATERIDAE t & t.2 Z 0 o 1 G LARVA 0,253 DETRITIV
513 INSECTR COLEOFTER & ELATERIDAE 2 i (U 2 0 ¢ H 0  LARV: 0.253 DETRITIV
514 INSECTA COLEGPTERA ELRTERLIDAE 2 i 2.8 2 2 § @ 1 LRRYR 0.253 ODEIRITIV
5145 INS ECTER COLEOPTERE ELATERIDAE 2 1 t.2 2 5 2 2 t  LAEV2 0.253 DEPRITIV
516 INS ECTK COLECPT ERA ELATERIDAE 2 1 1.6 2 0 1 [t} ¢ LaRva 0.253 DBIRITIY
547 INGECTA COLEDPTERE ELRTERIDAE 2 21,0 2 4 0 3 0 LARV2 0.253 DEFRITIV
518 THSECTE COLEOPTERA ELATERIDAE 2 2 G.8 2 2 4 ¢ 1 LARYA 0.253 DETHITIV
519 INSECTA COLEOPTERR LATERIDAE 2 2 2.8 Z ¢ S 2 7 LARVA $.253 ODETRITIY
520 IRSECTE COLEOPTERA ELATERIDAE 2 4 .8 2 1 Y 3 G LAaBVA ©.25%3 DETRITIV
52 IRSECTA COGLEODPTERA ELATERIDAE Z & 1.2 2 ¥ o I 0 LABRVRA ©0.253  DETRITIV
522 INSECTA COLEQOPTERA ELRTEERYDRE 3 3 Q.4 2 2 & 1 % LARVA 0,253 DETRITIV
523 IHSECTR COLEGPTERA ELATERIDAE 3 1 0.8 2 2 2 2 ?  LARV2 0.253 DETRITIY
524 INSECTR CGLEOPTERR ELRTERIDRE 3 ¥ 1.2 2 i o3 4 2 LARVR 0.253 DETRITIV
5235 INSECTR CCLEOPTERA ELRTERIDRE 3 1 1.6 2 7 i G 0 LaBva 0.253 DETRITI¥
526 INSECTR COLEGPT ERA ELATERIDARE 3 2.0 2 3 6 i 11 LARVA 0.253 DETRITIY
527 INSECTA COLEOPTERA ELATERIDRE 3 2 4.8 Z 1 g 0 ¢ LaRVa 0.253 DETRITYY
528 THSECTR COLEGPTERR ELATERIDAR 3 K i, 2 § 9 i [ §  LARVA 0.253 DETRITIY
SEG INSECTA COLEOPT ERR ELATERIDAFE 3 2 1.2 i 4 g i G  LARVA 0.253 DETRITIV
33¢ INSECTA COLEORTERA ELATERIDAR 3 2 1.2 2 2 1 2 2 LARV: C.253 DETRITIV
534 INSECTA COLEOPTERR ELATERIDAR 3 2 2.0 2z g 0 2 2 LARVA $.253 OETRITIV
53Z. INSECTR COLEQPT ERA ELATERIDRE 3 2 .0 2 G 3 ¢ 0 LBEVE C.253 DETRIYIV
533 INSECTR COLEGPTERR ELBRTERIDAE 3 4 0.8 2 2 2 o3 0  LARVA 2.253 PDEPRITIV
334 INSECTR COLECPT ERR ELBTERIDAR 3 L) §.2 2 ¢ 2 2 O LARVA $.2532 DETRITIV
535 INSECTR COLECPYER2 ELATERIDAE 4 3 0.4 2 ¢ 1 3 2  LAR¥A 8.253 DETRIYIYV
236 IKSECTR COLEOPT ERA ELBATERIDAR 4 1 5.2 2 C 2 i 3 LRRVE 0,253 DETRITIY
537 IHSECTR COLEOPT ERA ELATFRIDAE 4 1 1.6 2 0 1 0 G LARVS 0.253 DETRITIV
538 IRSECTR COLECPTERR ELATERIDAE 4 LR P ¢ 2 ¥ Q H 1 LARVa 0. 253 DETRITIV
539 IRSECTR COLECPTERR ELATERIDAE 4 2 G, 8 2 2 0 G 3 LAHVA 0.253 DETRITIV
580 INSECTR COQLEOPTERE ELATERIDAE ® 2 3.2 2 3 < 3 $ LARv: $.253 DETBITIV
54 INSBITA COLEOPTERR ELATERIDAR 8 2 Z.0 2 0 Y 2 3 LARYA ©,253 DETRITIY
LY TH3 gCY COLEOFTEHA ELATEBRIDAR L3 ] Cott 2 2 0 ¢ G LARVR 0,293 DETRITIY
543 INSECT2 COLEDPTRRA ELATERIDAE L % 1.2 2 2 0 b 0 LARVA 3,253 DETRITIY
544 IHSECTA COLEOPTRH LAMPYRIDAE 2 to2ng 1 4] 1 0 ¢ ADULY 5,360 PREDATOR
545 THSECTR CCLECPTERE LANPYRIDAE 3 o290 2 Y 4] g 1 apgLry 5,30 PREDERTOR
546 IHSECTA COLEOPEERS LAMPYRIDAE 3 2 3.8 1 H 0 g 9 abuLT 5,360 EREDRICE
Se7 TNSECTR COGLECPTERE CANTHARIDAE 1 § .8 1 G 0 1 0 LARYR 0,045 EREDBTOR
548 INIECTA COLEOGPTERA CARTHRAKIDAE 1 1 0.8 2 1 9 4 O LaRYa 0.C45 PREDATOR
5495 IXSECTA COLEGPTERA CANTBARIDRE H L T2 2 G 0 0 i  LARVA 8.045 PREDATOE
55¢ INSECTA COLECPTERA CANTHAKIDAE t i 1.6 2 g 1 2 @ LARVA 0.045 PREDATOR

LLL



03S <{1lASS ORDER PAMILY SSM DIR DIST HOR RONE RTWO RTRREE RPOUR LIFESYGE RGWT  TROFL
55% INSECTH COLEDPTERA CANTHARIDAS 1 1T 21.0 i 0 1] ! ¢ LAaRYaA 2.C43  PREDATOR
552 IMSECTHR COLEOPTERA CANTHARIDAS 1 i 2%.0 2 [¢] Y] I 10 LARVA G.C45 PEEDATOH
553 IHSECTA COLEOPT R4 CANTHARIDAR 3 2 0.8 3 0 0 @ P Lan¥a T.045 PEHDATOR
554 I¥SECTH COLEOQPTHRA CANTHAPRYDAE | 2 0.8 2 [¢] l 2 3 LARVA 0.945 PREDATOR
555 INSECTH COLEGPTERS CANTHARIDAE i 2 1.2 2 2 9 0 2 LARYa 0.045 PREDATON
5556 IHSECTA COLEUPTZRA CHNTHRARLDAE i 2 2.0 il v 4] 2 0 LARVA 0.045 PEEDATOR
557 IES ECTA COLEOPTERA CAdTHARIDAE i 2 2.0 2 3 T 2 0 LARVA 0.045 PAEDATOR
558 TNSBCTA COLECOPTERA CAATHARTDRE 2 1 0.8 2 0 0 2 0 LARVYA 0.065 PREDATOR
559 IMSECT TOLEDPTERA CANTHARIDAE 2 i 1.6 1 Q 0 0 2 LARVA 3,045 PLEDATOR
5690 INSECYA TOLEOPTERA CAUTHARIDAS 2 i .6 2 0 0 0 2 LARYA 9.0u45 PREDATOR
Sa3 INSECTA COLEOPTERA CANTHARIDAYS 2 12149 2 7 0 1 2 LaRYA 9.045 PREDATON
562 IMSECTA COLEOPTERA CANTHAREDAE 2 2 0.4 2 C 0 b ¢ LaRv¥a 0.045 PREDATIOR
553 I8SECTA COLEOPTERS CRHTHARIDAE 2 2 0.8 1 C 0 0 P LARVA 0.045 DPREDATOR
564 INSECTA COLEOPTZRA CANTHARIDAR 2 2 G.5 2 ¢ i 0 U LARVA 0.045 PREDARTOR
565 INSECTA COLEOPTEKA 2 2 1.2 i 2 ] 3 0 LARVY:A 0.045 PREDATOR
566 ITYSECTA COLBOPTERA 2 P .2 2 H 9 2 TOLAaE¥aA 0.045 PREDATOR
557 INSECTA COLEOPTERA 2 2 2.0 2 8 Q 0 0 LaRYA 0.045 PREDATOR
558 THSECTA COLEOPTERA CANTHARIDAE 2 2 2.0 2 0 1 4 2 LaRva 0.045 PREDATOR
569 INSECTA COLEOPTERA CANTHARIDAE 2 4 1.2 2 i 2 0 1 LARYA V.045 PEEDATOR
570 INSBCTX COLEDPTERA CANTHARIDAS 3 1 0.8 2 0 ] 2 3 LARYX 3.045 PREDATOR
57% TASECTA COLEOPT 204 CANTHARYIDAS 3 1 3.2 2 1 Q 7 0 LagRv¥a 4.045 PREDATOR
572 INSECTA COLEQPTERRA CANTHARIDAE | 1 1.6 3 1 0 3 D  LARVA 0.0% PREDATCE
573 INSECTA COLEOPTERA CANTHARIDAE 3 i .6 2 3 1 0 0  LARVA 0.045 PEZEDATOR
574 INSECTA COLEOPTERA CARTBARIDAE 3 1 2%.9 2 = 0 5 9 LARVA 0.045 PREDATOR
575 INSECTA COLEOPTERA CANTHARIDAE 3 2 c.8 2 €] 3 0 1 LARVE 0.045 PREDATOR
576 TNUSECTA COLZOPTERA CAMTHARIDAE 3 2 1.2 2 3 4 3 1 Lagvh C.065 PREDATOR
577 INSECTA COLEOPTERS CANTHARIDAE 3 2 2.0 2 i 3 2 4 LaRvVa 0.045 PREDATOR
574 INMSECTA COLEDOPTERX CAUTHARIDAE 3 b 0.4 2 0 0 1 9 LARVA 3.045 PREDATOR
579 INSECTA COLEOPTERZ CANTHARIDAE 3 L 0.8 2 i 0 0 4 LARVA 0.045 PREDATOR
580 INSECTA COLEOPTERA CANTHARIDAS 3 & 1.2 2 0 0 2 g  LaRva 0.045 PREDATOR
5819 INSECTS COLEDOPTERS CANTHARIDAE L 4 J. 4 2 1 H 0 i LAl¥a 0.0%5 PREDATOR
562 INSECTA COLEOPT 384 CANTHARIDAE & i 0.8 2 2 ¢ 3 O LAR¥a 0.0%5 PRZDATCR
583% IRSECTA COLEOPTERA CANTHARIDAE 4 ¥ 21,90 2 2 1 2 T LARVA 0.045 PREDATOR
584 IRSECTA COLEOPTERA CANTRARIDAE 4 2 0.8 2 9 0 0 2  LARYA 0.045 PREDATOR
585 INSECTA COLEOPTHERA CANTHARIDAE 4 2 1.2 2 P 1 0 0 LAEVA G.Ch5 PREDATOR
586 TINS5 BCTA COLECOPTERA CAUTHARIDAE t 2 2.0 § 0 3 | 0 Lxgva ¢.C85 PREDATOR
587 INSECTA COLEOPTERA CANTHARIDAE 4 2 2.0 2 0 3 1 1 LABRYA G.0845 PREDATOR
588 IMS ECTR COLEOPTERE CAHTHARIDAY 4 4 0.8 2 H 3 0 0 LARYA 0.C45 PREDATOR
589 THS ECTA COLEOPTERR CA¥THARIDAE 4 4 3.2 2 2 J i Q0 LaRva 0.945 PREDATOR
5%0 I¥SECTR COLEQPTERA NITIDULIDAE 1 i .2 2 0 i G 3 ADULY 1.060 DETRITIV
591 IS ECTA COLEOPYERA NITIDULIDAE i 1 1.6 2 9 H 0 1 apuyL?® 1.660 DETRILS
592 IBSECTA COLEOPTERA HITIDULIDAE B 1 2%.90 2 4 3 3 TADULT 1.060 DETR?
593 I¥SECTA COLEOPTERA ¥ITIDULIDAE % 2 3.8 1 9 0 3 2 ADULY 1.060 DETRINIV
596 INSECTA COLEOPTERA HITYIDULIDAE 1 2 0.8 2 0 Q 3 9  ADULT 1.060 DETRITIV
59% IKSECTA COLEOPT ERA HITIDULIDAE 1 2 1.2 1 0 0 G 2 ADUL® 1.060 DETRITIY
596 TNSECTA COLEOPTERA NITIDULIDAE 1 2 1.2 2 0 0 G 1 ADULT 1.060 DETRITIY
597 IMS ECTA COLE0PTERA NITLDULIDAY 1 2 2.0 4 (] 0 0 1 ApuLT 1.060 DETEITIV
598 INS ECTA COLEGPTERA NITIDULIDAE 1 L 0.8 2 0 0 3 0 adULT ¥Y.060  DET Iy
5%9 IHSECTA COLEOPTERRA HITIDULIDAE 2 5 0.8 | : 0 1 0 ApuLTy 1.060 OEPRITIY
600 INSECTA COLECPTERA AITIDULIDAE 2 1 0.8 2 : ¢l 0 0 4pyLY Y.050 DETRITLY
601 IHSECTaA COLZ0PTERA MI'PIDULISAE 2 | 1.2 2 1 M 0 0 apuyre 1.060 ]

602 IBGECTaA CULEOPTERA SITIDULIDAE 2 | 1.6 3 0 0 J i ADULT 1.060 Iv]
603 IWSECTA COLEOPTEKA “ITIDULIDAE 2 1 1.6 2 3 0 ) 0  42uLT 1.060 DEYRIVIV
504 INSECTR COLEDPTERA MITIDULIDAE 2 Po21.0 2 3 0 ¥ 1 AadouLY 1.060 DETRITIY
605 IMSECTA COLEOPTERA ¥ITIDULIDAE 2 3 0.8 3 0 i} t 1 ADULY b.060 DETBITLIV
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ITNSECTR
INSECTA
INSECTR
INRSECT A
IHNSECTA
IHRSECTRA
INSECTA
INSECTH
IRSECTR
INSECT

INSECTRA
INSECTA
IRSECTA
INSECTA
INSECTA
INSECTA
INSECTA
INSECTA
INSECTRA
INS ECTA
INSECTS
IRSECTR
INSECTH
IKSECTA
INSECTA
INSECTH
IHSECTR
INSECTA
INSECTA
INSECTA
INSECTR
INSECTA
INSECTR
IHSECTS
IHSECTA
IWSECTA
THSECTA
INSBECTA
INSECTS
IXSECTA
IHSECTA
INS ECTA
INSECTA
IHSECTR
ITHSECTR
INSECTR
IHSBCTA
THSECT A
IHSECTA
THS ECT
INBECTA
IS ECTA
ITHSECTA
IRSECTR
IRSECTR

COLEQFT ER A
COLROPTERA
COLEOFTERA
COLEOPT ERA
COLEOPTERR
CCLEOPTERA
COLEOPTERRA
COLEOPTERA
COLEOPYERA
COLEOBTERA
COLEOPTER2
COLEOPTERR
COLEQPTER2
COLEQPTERA
COLEQOPTRRA
COLEQPTERA
COLEOQOPTERA
COLEOPTERR
COLEOPTER:
COLEOPTER R
COLECPTERA
COLEQPT ERA
COLEOPTERR
CCLEOPTERR
COLEOPTERR
COLEOPTERR
COLEGPTERR
COLECPTERY
COLEQPTFRA
COLROPT ERA
COLEOFTERR
COLEOPTERR
COLEQPTER 2
COLEOPTERR
COLEQPTERA
COLEOPTERR
COLEOPTERR
COLEOPTERR
COLEOPTER2
COLEQPTERA
COLEOPTERA
COLEOPTERA
COLFOPTERA
COLEOPTERA
COLBCPTERA
COLEQPTERS
COLEOPTERA
COLEOPTHRS
COLEOPT ERA
COLEOPTERR
COLEGPTERA
CCLECPTERZ
COLROPTERA
COLEGPTERA
COLEOPTERA

PARILY

RITIDULIDAE
BITIDULIDAE
BITIDULIDAE
BITIDULIDAE
BITIDULIDAE
HITIDULIDAE
RITIDULIDAR
BITIDULIDAE
RITIDULIDAE
RITIDULIBAR
RITIDULIDAE
NITIDULIDRE
FITIDULIDAR
RITIDULIDAE
PSELAPHIDAE
PSELADPHIDAR
PSELAPHIDAE
PSELAPHIDAE
PSELAPHIDAR
PSELAPHIDAE
PSELAPHIDAE
PSELAPRIDAER
PSELAPHIDAE
PSELAPRIDARE
PSELAPRIDAR
PSELAPHIDER
PSELAPRIDAE
PSELAPHIDAR
PSELAPHIDAE
PSELAPHIDAR
PSELAPRIDAZ
PSELAPHIDAE
PSELAFHIDAR
PSELAPHIDAE
PSRELAPRIDAE
PSELAPHIDAE
PSELAPRIDAT
PSELAFRIDAE
PSELAPHIDRAE
PSELAFHIDAE
PSELAPHIDAE
PSELAFHIDAE
PSELAPHIDAE
PSELRPHIDAE
PEELAPRIDAE
PSELAPRIDEE
PSELAFHIDAR
PIELAFPRIDAE
PSELRPRIDAR
PSELRPRIDAE
PSELAPRIDASR
PIELAPHIDAE
PSELAPHIDAE
PSELAPHIDAE
PSELAPHIDAR
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LIYESTRE

ABULT
ADULT
ADULT
ADULT
KDULT
ADULT
BDULT
ADULT
ADULT
ADULT
ADULT
ADULYT
apuLT
ADULT
ADULT
ADYLT
ALULE
ADULY
ADULT
ADULT
ADULT
RDULT
BOGLT
ADOLY
ADULYT
ADELY
ADULT
ADULT
ADULY
ADULT
ADULY
ADULT
ADULT
ADULE
ADULT
ADULT
ADULT
apuLy
SDULT
2DELT
RDULT
RDYLY
ADULT
ADULT
ADULT
ADULT
ADULY
ADULYT
ACULT
ADULT
RDULT
ADULT
ADULT
ADULT
ADULT

AGHT

FLO0EQ
1.060
1.080
1.060
1.06¢
1.060
1.860
1.08¢
1.060
1.060
1.060
1.060
1,060
1,060
0.034
0.634
G, 034
G.0348
¢.034
6. 034
0. 834
0.03%
0.03g
G.034
¢, 034
0,034
0,034
0.034
0.03¢
0.034
G.034
0.03¢
0.63¢
0.034
0.034
G.034
¢.038
0. 038
0. 034
0,033
0. 0348
G.03x
C.0%u
.34
G.434
0,038
0.03n
0.03¢
¢.034
C.034
$.038
0.03%
4. 034
0.034
¢.03%

BETRITIY
DETRITIV
DETRITI¥
DETRITIV
DRTRITIY
DETRITIV
BETRITIY
DETRITIV
DEPRLTIV
BETRITIY
DETRITIV
DETRITIY
DRTRITIY
DETRITIV
FUNGIVOR
FUNGIVOR
PUNGIVOR
FUKGIVOR
FUNGIVOE
FUHGIVOR
FUNGIVOR
PURGIVOR
PUNGIVOR
FONGIVGOR
FUNGIVOR
FUNGIVOR
FUNGIYGER
FUNGIVOR
FUNGIVOR
PUNGIVOR
FUNGIVOR
FUNGIVOR
PUNGIVOR
FUNGIVOR
PUNGIVOR
FUNGIVCR
FUNGIYUR
FUNGIVOR
FPURGIVOR
FUNGIVOR
FUNGIYOR
PUNGIVOR
FUMGIVOR
FUNGIVOR
PUNGIVOR
PUNGIYOR
PUNGIYOE
FUNGIVOS
FUNGLIVOB
FURGIVOE
PUNGIVOR
PUNGIVOR
FUNGIVGR
PUNGIVOR
FUNGIYOR



0ps  CLASS ORDER PANILY s&% DIR  DIST HOR RO¥E RT®0 RTYRSE RFOUR LIFE5STGE aGHT  TROPLEYL
561 T¥secTy COLEOPTERA PSRZLAPHRIDAE 4 4 1.2 2 § 0 0 0 AQULT G.034  FURSIYOR
662 THSBECTA COLEOPTERA DERODO HVTD A 3 i 0.8 § Q 0 0 1 ADULY 0.275 PUHNGIVOE
663 THSBCTA COLROPTEBR & DEKODORTIDEA L] H .2 H Q 0 i 0 adurr 0.275 FCEYGLYOR
654 I¥SECTA COLEQPTERA V#THOPERIDAE 1 72149 K 0 Y] a t LARVA 0.096 DERRITIV
655 INSBOTH COLEOPTERR ORTHOPEZRIDAR 2 H 1.§ 2 0 0 0 i LaRVA 9.096 DETRITIV
566 INSECTA COLEOPTERR ORTHOPERIDAE 2 io2v.0 3 7 i 3 3 LARVA 0,095 DETRITIV
667 INSETTS TOLEQOPTERA ORTHOPERIDAE 2 1 21.0 2 5 9 4] 0 LAaRva 9.096 DETRIVIV
663 INSECTA COLEGPTER] ORTEOP ERIDAE 3 2 2.0 2 0 Y (] v LARYA 0.096 DaTRITIV
669 IS BCTA COLEOPTERA ORTHOPERIDAE 4 i 21.0 2 o § 0 0 LARVA 0.096 LETRITIY
6790 THSECTA COLEOPTERA STYDMAENIDAE 9 i 3.6 2 3 Q Q 0 apuLlT 0.537 OHKHCHH

671 IHS ECTA COLBOPTERA SCYDMAEMIDAE 1 & 0.4 2 0 ki G O ADULT 0.537 URKHOHH

672 IHSECTA COLEOPTERA SCYDMAENIDAE 3 2 0.4 2 0 0 0 $  ADULT 0.537 UNKHCYE

673 INSECTA COLFOPTERA COCCINBLLIDAR 4 2 2.0 2 0 a 3 0 AC £.360 PREDAYOR
674 IHSECTY COLEOPTERA STRPHYLINIDAE 1 h] 0.4 2 1 J 4 0 AD 0.643 DETRITIV
675 Te33CTA COLEZOPTERA STAPHY {IDAS i 1 0.4 2 K 0 Q 0  LARYA 0.025 DETRITIVY
675 IHSECTA COLEOPTERA STAPH IDAE H 3 0.3 2 Q 3 ¢ 0 aduLT 0.643 DISTRITIV
577 TH¥SECTA COLEOPTERA STAPHILINIDAE 1 1 G.38 2 0 2 G 0 LA&RVA 0.025 DETEITIY
578 IHSECTA COLEOQPT ERA STAPHYLINIDAE 1 3 1.2 2 0 i 0 2 ADULT 0.643 DEYRITIYV
879 TINSECTA COLEOPTERA STAPHYLIKIDAR 1 ¢ 1.6 2 0 0 § 3 ADULT 0.643 DETRITIV
680 IMNSBECTA COLEOPTERA STAPHYLIRIDAE § 1 21.0 2 3 1 2 0  ADELY 0.643 DEYRITIV
68t IHSECTA COLEOPTER4 STAPHYLIWIDAE § 2 T.2 1 Q G 0 1 ADULET 0.643 DETRITIV
682 INSECTA COLEOPTERA STAPHYLINIDAE i 2 1.2 2 @ 5 1 0 apuLw 0.643 DETRITIV
683 INSECTA COLZEOPTERA STAPHYLIBIDAE 9 2 2.9 H 0 0 i ¢ ADCLT 0.643 DETRITIV
584 INSEBCTA COLEOPTERA TAPRYLINIDAE 1 2 2.0 2 2 0 3 2 ADULY 0.643 DETRITILY
655 IMSECTA COLEOPTERA STAPHILIAIDAE 1 4 0.8 2 Q 1 Y] 0  ADULY 0.643 DETRITIV
586 IHS ECTA COLEOPTERA STAPHAILIAIDAR 1 & 0.4 2 0 i 4] 0 Lar9da 0.02% DETRITIY
687 INSECTA COLEQPTERA STAPHYILINIDAE 2 3 .8 1 0 H 0 0  ADLLY 0.643 DETRITIY
688 IRSECTA COLEOPTZRA STAPHYLI HZDAE 2 k| 0.4 2 0 H ¢] 9 ADULT Q0,643 DETRITIV
689 INSECTA COLEOPT ERA STEPHILIRIDAE 2 1 0.8 2 Q 0 i ¢ ADULT 2.643 DETRITIV
590 IHSECTA COLEQPTERA STAPHYLINIDAE 2 % 3.2 2 0 3 G ¢ ADULT J.543 DETRITIY
591 IHYSECTA COLEOPT BRA STAPHYLINIDAE 2 3 1.2 2 0 9 (] t LARVA 0.025 DETHITIV
692 THSECTA COLEQPTERA STAPHYLINIDAE 2 § 1.6 8 ] ™ Q § aDULY 0.6463 DETEITIV
693 INSECTA COLEOQPTERR STAPHILIHIDAE 2 1 1.6 2 i 2 V] 0  aADULT 0.643 DETRITIV
694 THSECTA COLEOPTERA STAPHYLINIDAE 2 1 1.6 2 0 0 0 T LARVA 0.025 PDETRITIV
595 IXSECTA COLECPTERA STAPSYLINIDAE 2 1 21.0 1 H Q G ¢ ADULT 0.543 UDETRITIV
5935 IN¥SECTA COLROPTERA STAPEILINIDAE 2 £ 21.9 3 il 0 0 0 LARYA DETRIVIV
597 INSECTH TOLEQOPTERA STAPHYLINIDAE 2 2 .2 3 3 0 ¢l 0 ADULT DETAETIY
698 INSECTA COLEOPTERA STAPHYLIHIDAE 2 2 j.2 2 V] i ¢ i ADULT JETRITIY
£99 INSECTA COLEDPTERA STAPRYLINIDAS 2 2 2.0 2 4 1 2 2 ADOULT D.6L3 DBTRITIV
760 INSECTA COLEOPTERA STAPRYLIHIDAE 2 2 2.0 2 Q 1 0 0 LARYA 0.025 DETRITIV
701 IHSECTA COLEOPTERA STAPRYLINIDAE 2 4 O, 4 2 2 0 0 I ADULT C.643 DETRITIY
702 INSECTA COLBOPTERA STAPHYLINIDAE 2 4 0.8 2 1 0 0 0 ADULT 0.843 DETRITIV
703 IKSECTA COLEOPTERA STAPHYLINIDAE 2 o 1.2 i 0 1 0 O  ADULT 0.643 DETRITIY
704 INSBCTA COLEOPTERA STAPHYLINIDAS 2 G 1.2 2 0 2 0 0 ADOLY 0.663 ODETRITIV
705 INSECTA COLEOPTERA STAPHYLINIDAE 3 3 0.8 2 0 1 9 0 LA&RVA 0.025 DETRITIY
706 IHSECTA COLEOPTERA STAPEYLIHIDAE 3 1 1.2 2 Q J 0 2 ADULY 0.543 DETRITIV
707 I8SECY4 COLECPTERA STAPHYLINIDAE 3 i 3.6 2 0 1 9 0 apuLT 0.543  DET Y
708 I¥SECTA COLEOPTERA STAPHYLIHIDAE 3 2 0.8 2 5 0 0 O ADULT J.663 DETR

709 T¥SECTA COLEQOPTERA STAPHYLINIDAE 3 2 i.2 2 | 1 1 0 ADOLTY 0.643 DETRITIV
190 INSECTA COLEQOPTERA STAPHYLINIDAE 3 2 2.0 2 0 2 0 0 ADULY 0.643 DITRITIV
T3 INS ECTA COLEOPTERA STAPHYLIWIDAE 3 2 2.0 2 0 2 i i ADULT 0.643 DETRITIV
712 THSECTA COLZEDPTERA STAPHYLIHIDAZ 3 4 G.8 2 kK Q i Q0  ADDLT 0.643 DETRITIV
713 IHSECTA COLZOPT ERA STAPHYLINIDAE 4 3 2.8 2 9 i ¢ 4 ADULT 0.643 DETRITIY
AL THSECTA COLEOPTERA STAPHYLINIDAE 4 i 1.2 2 0 0 0 1 LARVaA 0.025 DETRITLY
735 THS BCTA COLEOPT gRA STAPHILINIDAE 4 § 1.6 2 0 0 L 9 ADULTY 0.643 DETRITIY
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0BS CLASS ORDER FANILY SSN DIRE DIST HOR RONE RTHO RTHEEZE &FOUR LIFESTGE BGH¥T  TROPLEYL
716 IRSRECTA COLEOPYTERA STAPHYLINIDAE 4 1 1.6 2 0 2 ] 0 LARVA 0,025 DETRITIV
717 TNSECTA COLEOPTERA STAPHYLINIDAS [ 1 21,0 2 2 1 § 2 ADULY 0,643 DETRITIV
718 IKSECTA COLEOPTERA STAPHILINIDAE 4 2 2.0 2 0 2 ] §  BDULT 0.643 DETRITIV
713 INSBECTA COLEOPTERR STAPHYLINIDAE 4 4 1.2 2 2 g ¢ 0 ADULT 0.643 DETRITIY
720 IXSECTA COLEOPTERR TENEBRIONIDAR 1 1 1.2 2 ¢ 9 3 Y LABVYRX 37.03C DETRITIV
k] IRSBCTA COLEOPTER A TERNEBRIONIDAE 1 1 1.6 2 H ¢ 0 O LARVA 23.370 DETRITIV
722 INSECTA COLEOPTERA TENEBRIONIDAR 1 2 0.8 1 Q @ ¢ t  ADULT 22.73% OHNIVORE
723 IRS BCTA COLEOPTERR TENEBRIONIDAE 2 3 1.6 l 0 o 0 1 RDBLY 22.737 OBRIVORE
724 INSECTA COLEOPTERA TENEBRICNIDAE 2 1 2t.¢ 2 2 0 9 0 LBRVA 37.030¢ DETRITIV
725 INSECTA COLEQPTERA TEXEBRIOKIDAE 3 1 V.2 2 4] 0 1 0 LARVA 37.630 DETRITIY
726 INS BCTA COLEOPTERA TENEBRIOKIDAR 3 t 1.6 2 [ § 0 9 ADULT 22.737 CHMBIVORE
727 INSECTA COLEGPT ERA TENEBRIONIDAE 3 2 0.8 2 1 ] 0 ¢  ADULT 22,737 OHBIVORE
728 IS ECTA COLEGPTERA TEMEBRIONIDAE 3 8 0,8 2 i i 0 1 LARYRA 2%.3706 DETRITIV
729 IHSECTA COLEGPTERE  ACANTHOCERINAE i 1 1.6 2 b 0 0 i apuLT 8,700 DETRITLV
730 INSECTA COLLEMBOLA PODURIDAE 1 3 0.4 2 9 2 0 0 ADULT 0,008 DETRITIV
731 INSECT COLLEMBOLA PODURIDAE ¥ 1t g.8 i G [ 4 ¢ ADULT 0.008 DRTRITIYV
732 INSBCTA COLLEMBOLA PODURIDAE 1 3 ¢.8 2 40 20 20 22 ADYLT 0,008 DETRITIV
733 INSECTRA COLLERBOLA PODUBLDAE % 1 1.2 % 20 0 G 0 ADULT 0.008 DETRITIV
734 THSBCTRA COLLEMBOLA PODURIDAR t 1 1.2 2 16 20 3 44 ADULT 0.008 DETRITIV
735 INSBCTA COLLENMEOLR PODURIDAE } 1 1.6 2 4900 70 Y] 35  ADULT 0.006 DETRITIV
Y36 INSECTA COLLRENSOLA PCDURIDAE 1 1 2490 H 0 1 1 g ADBLY 0,008 DETRITIV
737 IKSECTA COLLEKBOLA PODURIDAE 1 t 21,0 2 16 50 T4 25 ADULT 0.008 DETRITIV
738 INSECTA COLLENBOLA PODURIDAE 1 2 0.8 i 0 0 3 ¢ ADULT 0.008 DETRITIV
739 IVSECTA COLLENEOLA PODURIDAE 1 2 1.2 1 0 ] 2 6 ADULY Q.008 DETRITIV
T4 ITRSBCTR COLLEXBOLR PODURIDAE 1 2 $.2 2 8 4 9 € ADULT ¢.008 DETRITIV
Ty INSECTR COLLEAHBOLA PODURIDAR ] 2 2.9 1 2 0 96 45 ADULT 0.008 DETRITIV
T42 TRSECTA COLLENBOLA PODURIDAE 3 2 2.0 2 208 4 300 40 . ADBLT 0.408 DETRITIYV
743 IRSECTR COLLEMBOLA PODURIDAE 1 y 0.8 3 0 O 2 ¢ ADULT 6,008 DETRITIV
Tyy INSECT2 COLLEMBOLA PODURLDAE ! 4 Q.8 2 5 ) 0 2 ADULT $.008 DETRITIV
T45 INSECTA COLIEBBOLA PCDURIDAE t 4 1.2 t 0 2 0 ¢ ABULYT 0.008 DETRITIV
746 INSECTA TOLLEMBOLA PODURIDAR 1 4 1.2 2 3 3 [ t  ADULT 0.008 DETRITLV
757 INSECTA COLLEMBOLR PODURIDAE 2 1 0.4 2 0 0 2 ¢ ADULT 0.008 DETRITIV
748 INSECTA COLL¥%BOLY PODURIDAE 3 1 0.8 2 17 90 60 20  ADBLYT 0.008 DETRITIV
749 INS BCTA COLLENBOLY PODURIDAR 2 1 1.2 1 0 o 12 O ADGLY 0.008 DETRITIYV
350 INSECT & COLLEMBOLR PODURIDAE 2 1 1.2 2 2 7 12 0 ADULT 0.008 DETRITIV
753 IRSECTA COLLEMBOLE PODUEIDAE 2 3 1.6 H ¢ 9 ¢ 10 ADULY 0.008 DETRITIV
752 INSECTA COLLERBOLA PODUEIBAE 2z } 1.6 2 36 i 36 f  ADULT ¢.008 ODETRITIV
753 IRSECT A COLLERBOLA PODURIDAE Z v 21,90 2 24 3 5 g ApHLT 0.G08 QBTRITIYV
35L INSECTR COLLEAROLA PODUBIDRAE 2 I $ 0 0 2 ¢ abyLT 6.008 BDETRITIY
135 THSECTA COLLEBBOLA FODURIDAR 2 2 0.8 1 ¢ ] 9 t ADULY §.008 DETRITEY
756 IS ECTR CGLLESBOLA PODURIDRE 2 2 0.8 2 2 2 i ¢ apuLr 8,068 DETRITLY
157 IKSECTA COLLEBBOLR BPODURIDEE 2 2z 1.2 1 0 85 9 2 BBULT $.008 DETRITIV
758 THSECTR COLLR#BOLA PODURIDRE 2 pd 3.2 2 15 32 24 64 aDULT 9.008 DETRITIV
75% INSECTR COLLEABOLR PODURIDAE 2 z 2.0 2 140 260 350 30 &TULT §.008 DRTRITIV
760 IRSECTR COLLEHBOLA PODURIDAE 2 4 0,4 2 & ] 0 ¢ ADULT 0.008 DETRITIV
761 INSBCTA COLLEHBOLA PODURIDAS 2 i 0. 8 2 7 ] 3 0 ADULT ¢.068 DETRITIV
162 INSECTR COLLEHBOLA PODURIDAE 2 4 i.2 2 sz 15 12 ¢ aDULT 0.008 DETRITIV
763 INSECTR COLLEMBOLA PODURIDAE k! i 6.4 2 $5 o ¢ S ADBLY 0.008 -OETRITLY
764 INSECTA COLLEMBOLR PQDURIDAE 3 1 0.8 2 1 3 3 o ADHLY 0,008 DETRITIY
765 INSECTA COLLEMBOLA PODURIDAR 2 i 1.2 $ 2 H 3 2 ADELT 0.608 DETRITIV
166 INSECTA COLLEEBOLA PODURIDAE 3 3 1.2 2 e s ] 2 abuLT 0.008 CETRITIY
767 IRSECTE COLLEKROLY POBURLDAR 3 1 1.6 1 7 1z 3 & ADULY ¢.008 BETRITIV
784 TRSECTA COLLE¥EOLSE POBYRIDAE 3 g 1.6 Z 3G 8 30 §%  ADULY G.008 DERERITIV
769 IHS ECTA COLLERBOLA PODURIDRE 3 1 2%.0 2 15 2 EYe] 4 RBULT ¢.508 DETRITIY
170 INSECTR COLLENBOLA PODUHID AR 3 2 0.8 2 o 3 2 0 ADOLT 9.UC8  DEPRITLIY
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771 INSECTA COLLEMBOLA PODURIDAE 3 2 1.2 2 o 2 0 ¢ ADULT .008 DETRITIY
72 INSECTA COLLENBOLA PODUYRIDAE 3 2 2.0 1 2 2 0 G ADULT .008 DETRITIY
773 INSECTA COLLEMBOLA PODURIDAE E) 2 2.0 2 0 0 12 49 ADULT .008 DETRITIV
774 I¥SECTA COLLEMBOLA PODURYDAE 3 4 0.4 2 (4] 0 6 6 ADYLT .008 DETRITIV
775 I¥SECTA COLLEMBOLA PODURIDAE 3 4 0.8 2 0 9 8 10 ADULT .008 DETRITIY
75 TN SECTA COLLE#30LA PODURIDAE 3 4 f.2 2 0 G ) 4 ADULY .008 DETRETIV
777 IHSECTA COLLEKBOLA PODURIDAE b i 0.4 1 20 0 9 0  ADULT .$08  DETRITIY
773 THSECTA COLLEXBOLA PODURIDAE 4 i 0.3 2 35 50 Q 10 aADGLY L0008 DETRIYLIY
779 INSECT: COLLERBOLA PODURIDAE b 3 .2 $ 9 0 4 & ADULT .008 DETRITIV
7890 INSECTA COLLE®EBOLA PODGRIDAE 4 1 1.2 2 5 2 39 5G  ADULT .008 DETRITIY
783 INSECTA COLLEXBOLA PODURIDKE L i 1.6 2 25 60 100 4G ADULT 008 DETPRITIV
782 INSECTH COLLESBOLA PODURIDAE 0 1 2%1.0 2 30 0 60 20 ApuLy .008 DETRITIV
783 INSECTA COLLEMBOLA PODURIDAE 4 2 0.8 2 0 j | 2 ADULT .008 DETRLTIY
784 INSECTA COLLEMBOLA 20DURIDAE L] 2 1.2 2 4 Q i 0 ADIULYT .008 DETBRITIVY
785 I¥SECTA COLLENBOLA PODURIDAE 4 2 2.0 3 0 ¢l 2 0 ADULT .008 DETRITIY
786 IN SECTA COLLEMBOLSA PODUKIDAE 4 2 2.0 2 2 34 80 7 AdyLy 008 DETRIYLIY
737 I#S38CTA COLLEMBOLA PODURIDAE 4 4 [OR] 2 155 0 2 0 AaDuL? .008 DETRIYTIV
7as INSECTA COLLENBOLA PODURIDAE 4 4 0.3 2 25 i2 2¢ 0 ADuLY .008 OETRITIV
789 14 SECTA COLLERBOLA PODURIDAE & 4 .2 2 32 [¥] "] 0 ADULT .008 DEIRITIIV
7%0 I¥SECTA COLLERBOLA EHTONCGBRYIDAE i § D. 2 5 3 9 0 AaDuLT L0kS5 PUNGIVYOR
751 Y% SECTA COLLERBOLA ENTOMOBRYIDAE i i 0.8 1 0 0 3 0 ADULT L0455  FURGIVOR
792 INSECTA COLLERBOLA ENTOMOBRYIDAE Y L} 0.8 2 2 } 2 2 ADJLYT .04S FUNGIVOR
793 INSECTA COLLEMBOLA ENTOMOBRYIDAE 1 1 1.2 1 2 ¢ ¢ 0 ADULT .045 FUAGIVYOR
754 INSECTA COLLEMBOLA ENTOMOBRYIDAE i 1 1.2 2 64 20 50 120 ADULT .045 PUNGIVCR
795 INSECTA COLLEMBOLA ENTOMOBRYIDKE 1 1 1.6 2 100 39 12 12 ADULTE LOu5 FUNGIVOR
796 INSECTA COLLEMBOLA ENTOROBRYIDAE 1 1 21.0 g 0 3 Q 3 ADULY 045 FUXGIYOR
797 I4SECTA COLLEMBOLA ENTOHOBZRIIDAE i i21.0 2 50 890 200 110 aDYLe Q45 FPUNGIVOE
798 T%SECTA COLLENBOLA EHTOHOBRYIDA S 3 2 9.4 2 1 0 1 0  aDyLT .045 FUNGIYOR
799 1§ SECTA COLLENBOLA EHTOHNCBRILDAZ 1 2 0.8 1 0 Z i6 0 ADELT +0u5 PUNGIYOR
800 THSECTA COLLENBOLR SUTOMOLRYIDAE 1 2 Fa2 3 2 3 4 40 ADULT L0US  PUNGIYOR
&0t I¥SECTA COLLEX B80LA ENTOHCERYIDAT 1 2 1.2 Z 52 b 4g 4 ADULT LJb5  FUNGYIYOR
802 IR SECTA COLLENBOLA ERTOMGBRYIDAE i 2 2.0 i 3 2 ElY] 20 ADULT .045 FUXGIVOR
BO3 INSECTA COLLENBOLA ZHTOMOBRYIDAE i 2 2.0 2 26 4 6 2 ADULT 045 FUNGIVOR
g94 INSECTA COLLENBOLSA ZMTOHMOBRYINAE ? % 0.4 2 G 2 Q 0 ADULT L0065 FUYGIVOR
805 INSECTA COLLEMBOLA ENTUROBRYIDAE 3 4 0.8 2 6 0 0 5 ADULY .045 FUHGIVOR
836 INSECTA COLLEMBOLA EXTOHOBRYIDAE 1 4 1.2 2 2 2 2 2 ADULY L0045  FPUAGIVOR
887 INSECTA COLLEKBOLA ENTONOBRYIDAE 2 1 0.%& 2 0 ] 3 0 apuLT 045 FUHGIYOR
83038 TIWSECTA COLLEMBOLA ENTOMOBRTIIDAE 2 1 0.8 1 35 4 4 2 ADULY .05 PUNGIYOR
309 INSECTA COLLEMBOLA S¥TONMOBRYIDAE 2 1 0.8 2 3 ] 0 2 aduLY .45 FUESIYOS
340 INSECTA COLLENBOLA EHYOHOBRYIDAE 2 1 1.2 k] 0 & 2 3 ADpuULT .0u5  FPUNGIYOR
g1 IHNSECTA COLLE¥BOLA E4TCMCBRYIDAE 2 § 1.2 2 0 5 15 0 4DULT . 045 FUHGIYOR
A I¥NSECTA COLLEMBOLA SHTOMCBRYIDAE 2 1 1.6 1 3 2 0 4 ADGLT <085  FPUNGIYOR
§13 IHSECTA COLLEMBOLA ENTOBOBRYIDAE 2 ¥ 1.6 2 19 2 6 1 ADULT . 045  FUHGIVOR
SR INSECTA COLLENBOLA EXTOMOBRYIDAE 2 1o21.0 i 25 0 10 50 ADULT L085 FPUUGIVOR
8§15 I# SECTA COLLENBOLA ENTONOBRYIDAE 2 b 21.0 2 BO & 1Y & ADULT 045 PUHGIVOR
816 INSECTA COLLENBOLA ENTONOBERYIDAE 2 2 D.b 1 Q 3 3 0 apuLz .C4S FUNGIYOR
817 INSECTA COLLEN POLA EXTOHMOBRYIDAE 2 2 0.4 2 ¢ 1 0 & oapuLt .085 FUHGIYCS
818 INSECTA COLLE¥BOLA ENTONOBRYIDAZ 2 2 0.8 1 0 1 9 8 abDULT 045 FUHGIVYOR
819 I¥SECY COLLEX80LA EXTOMOBRYIDAE 2 2 0.8 2 2 2 0 3 xbOL? . 045  PUAGIYOR
820 INSECTA COLLE®SOLA SYTOXOBRYYDA S 2 2 1.2 1 2y 1 2 i ADULT . 045  FPUNGIYOR
821 I8 SECTA COLLE¥BOLA EMTOMOBRYIDAZ 2 2 1.2 2 30 0 ] 8 ADULT .385  FURGIYOR
822 INSECTA COLLEXBOLA JYTOMOBRYIDAE 2 2 2.0 2 67 100 180 110 ADULY .65  FUNGIYOR
B23 INSECTA COLLENBOLA ENTONOBRYIDAE 2 4 0.4 1 3 o i 2 ADGLT . 045 FUNGIVOR
B24% IHSECTA COLLEMBOLA EYTONOBRYIDALE 2 4 0.4 2 12 0 2 O ADULT .05 FUNGIVCRE
823 INSECTA COLLENBOLA EYTONCEBRYIDAE 2 4 0.8 1 3 5 0 ¢ ADYLT .05 FUNGIVOR

91t



CL&SE ORDER PARTLY 53% DIR DIST HOK EKONE RTW0O RTHREE RFOUR LIPESTGE BG¥T  TROFLEYL
IHS BCTA COLLENROLA ENTORGBRYYDAE Z 4 @,8 2 3 & 1 0 ADULY G. 045 FONGIVOR
INSECTA COLLENBOLA ERTONOBRYIDAE 2 4 1.2 § 3 3 1 0 ADULT B.045 FBNGIVOR
THSECTA COLLEMBOLA ENTONOBRYIDAE 2 4 .2 2 g 0 j 2 RDULT 0.045 FUNGIYOR
I#SECTR COLLEKBOLR ENTOMUBRYIDAE 3 1 0.4 1 ¢ 4 4 3 apULT 0.045 FONGIVOR
THSECTA COLLEMBOLA E¥TOMOBRYIDAE 3 i C. 4 2 g & i ¥ BDULT U.045 FUNGIVCR
INSECTA COLLENBOLER ENTOROBRYIDAE 3 1 G.8 1 % Y ) 7 BRDULT C.045 FUNGIVOR
IHS BECTA COLLEMBOLA ENTUNMOBRYIDAE 3 k] G.8 2 6 3 0 7 &RULY 0.04% FUMGIVOR
INSECT A COLLE¥BOLA EHTOROBRYIDRE 3 1 1.2 ¥ 8 7 8 t  ApULY G.045 FUNGIVOR
INSECTA COLLEMBOLA ENTQH#OBRYIDAE 3 1 1.2 2 9 G 3 2  ADULT 0.045 TFUNGLVGR
INSECTA COLLEMBOLA ENTGMCBRYIDAE 3 i .5 1 26 28 2 2  ADULT 0.045 FURGIVOR
INSECTR COLLEMBOLA ENTOMOBRYIDAE 3 1 1.€ 2 100 28 5¢ 4%  ALULT G.045 FONGIVOBR
INSECTA COLLERMBOLA ENTUHOBRYIDAE 3 1 21,0 1 0 0 4] ¢ ADULT G.04S PUNMGIVOR
INS ECTR COLLBMBOLA ENTOHOBRYIDAE 3 t 21,0 2 20 0 160 ¢ ADHLY .085 FUNRGIVOE
INSECTA COLLEMBOL A ENTCMOBRYIDAE 3 2 0.4 1 0 3 ¢ 1 ADULT 0.C485 FUNGIVOR
INSECTR COLLEMBOLA EXTCGMOBRYIDAE 3 2 0.8 1 0 2 4] 5  ADULY 0.C45 TFUNGLIVCE
INSECTR COLLEMBOLA ENTOUOBEYIDAE 3 2 0.8 2 ¢} 5 3 9 RDULY 0.045 FPUNGIVOR
INSECTA COLLENBOLA ENTOMOBRYIDAE 3 2 1.2 1 s 4} G 1¢ BQULY 3,045 FUNGIVOR
INSECTA COLLENBOLA ERTONMOBRYIDAE 3 2 2.0 1 0 5 4] 0 apuLy 0.045 FUNGIYOR
INSECTR COLLEMBOLR ENTOMOBRYIDAE 3 2 2.0 2 0 Y 0 20 ADULY 0,045 FUNGIYGR
INSECTA CGLLEMBOLA ENTCHOBRYIDAE 3 ] G.4 L i2 1 4] 0 ADULT 0.045 PUNGIVYOR
IKRSECTA COLLENBALA ENTCEOBRYIDAR 3 4 0.8 1 7 ¢ o} 2  ADULT 0.045 FURGIVOR
INSECTA COLLENBOLA SNTOMOBRYIDAR 3 4 0.8 P3 4] Q 8 Q9 ADULT 0.645 FUNGIVOR
INSECTA COLLEKBOLR ENTONCBRYIDAE 3 4 1.2 1 0 3 3 ¢ RDULT 0,045 PUNGIVOR
THS BCTA COLLENBOLR ENTONOBRYIDRE 3 4 1.2 2 ¢ @ 0 2 ADULY ¢.045 PUNGIVOR
INSECTA COLLERBOLA ENTOSOBRYIDRE i % C. & 1 1 2 2 ¢ aP8LYT $.045 FUNGIVOR
IHS BCT COLLERBOLA ERTCNOBHYIDRE 4 % 0.8 H 1 [ 4 ¢ ADOLTY ¢.045 TFUNGIVOE
INSECTA COLLEMBOLA ENTOMOBRYIDAE 4 1 0.8 2 3 o] g ¢ ADOLT .085  FONGIVOR
IS ECTR COLLEMBOLA ENTOMOBRYIDAE 4 t 1.2 2 20 [ 0 15 ADULY 0,045 FUNGIVOR
INSECTA COLLEMBOLA ENTOMCBRYIDAR 4 1 .6 1 } 0 3 0 ADULT 0,045 FUNGYIVCE
INSECTR COLLENBOLZ ENTONOBRYIDAE i 1 1.6 2 8 [+] 4 2 ADULT G. 045 FUSGIVOR
IXSECTA COLLENBOLA BENTOMOBREYIDAR 4 1 21.90 1 3 ] 4] g  ADULT G.065 PUNGIVOR
I HS ECT COLLEABOLA ERTOMQOBRYIDAE 4 1 2unQ 2 0 0 it 6 ADULYT $.045 FUNGIVOE
THSEBCTA COLLEABOLA ENTOMOBRYIDAE 4 2 0.4 1 3 [t} 3 0  ADULT 0.045 PUBGIVOR
INSBCTR COLLEABOLA ENTOMOBRYIDAE 5 2 0.8 2 2 ¢ 2 5 RDULT J.085 FUKRGIVOR
INBPCTR COLLEMBOL A EHTOMOBRYIDAE 4 2 0.8 1 ¢ 0 1 ¢ ADOLY 0,045 FURGIYOR
LHSECT COLLENBOLR ENTOSMUBRYIDAE 4 2 0.8 2 0 1 G 2 ADULT 0,045 FURGIIOR
kS Ta COLLERBOLA ENTONOBHYIDRE 4 2 1.2 1 G 1 H t  ADULT G.085 PURGIVOR
INSBCTA COLLEBBOLA EHTUROBRYIDAE ) 2 1.2 2 i 0 9 0 ADBLY G, 043  PURGIVON
IHSECTA COLLEABOLA ENTCHOBRYIDARE i 2 2.0 i 3 ¢ ] O ADULT 0,045 FURGIYOR
TNSECT COLLEMBOLA ENTOSOBRYIDAE 4 2 2.0 2 % & 12 3 ADGLT $.085 FURGIYCE
IHSECTR COLLEMBOLR ERTOMOBRYIDAE 4 i 0.4 1 G 3 4] t RDOLY U.045 FURGIVOR
INSECTA COLLERMBOLA EHTCHOBRYIDAE & 3 C. 4 2 15 Q 2 t  ADOLT G.085 FURGIVOR
INSECTA COLLEMBOLA EYTUNOBRYIDAE & 4 2.8 2 1 i ¢} ¢ ADULT 0,085 FONGIYOR
INSECTR TOLLERBOLA ENTCHOBRYIDRE 4 4 1.2 1 3 i F3 O ADGLY 0.045 FUNGIYOR
INSECTA COLLZMBOLA ENTOMOBRYIDAE E} 4 1.2 2 < 4] v 0 RDULY 0.085% FURGIYCHE
THS BCTR HEUROPTEZRA CHRYSCPIDAE 4 2 0.4 i ¢ 0 & ¥ ADULT . 100 PEEDRIOE
INSECTA VEUROPTERA CHUYSCPIDAY 4 g C. 4 2 ¥ Q ¥ ¢ ADBULT 2. 300 PREDRTOR
INSECTR FEBROPT ER A ASCALAPHIDRE i 2 1.2 1 Y G i G LARV2 $.360 . PREDRTOE
INSBCTR SECROPTER R RSCRLATBIDAE 2 1 Z. 4 2 1 3] 2 ¢ LARV: $.360 PREDATOR
INSRCTS REURCPTERA ASCALATPHIDAE 8 % 4.8 2 i 3 ) $  LARVA i.360 PREDATCE
IRIRCTR REORCPTERA HEMERQBIIDAE 4 2 0.4 H 1 9 G 9 ARULRY 1. 796G PREBRIQR
INSGECTR Ok THOPTER & BLRTTIDAE § ¥ [ 1 G 3 4 ¥ ADULT 2. TZ0 CGARIVORE
THSECTA ORTHOPT ER A BLATTIDAE 1 i 2.8 t i} % G 9 ADOLT 2,729 ORRIVCRE
IRSECTA ORTHDPTERA BLATTIDAR 3 1 1.6 1 i 1 G G ABELT 2,728 ORNIYORE
INSECTR OHTHOPTERRA BLATTIDAE 1 1 1.6 2 \ 2 4] §  ADYLT 2,720 ORHI¥OEE
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THS ECTA ORTHOPTERA BLATTIDAE 1 2 2.0 1 o] 1 0 2 ADULT 2.720 OMNIYCERE
IHS ECTA ORTHOPTERA BLATTIDAE 1 2 2.0 2 i i G 0 apuiT 2.720 CHEIYORE
TS ECTA ORTHOPTERA SLATTIDAE 1 b 0.8 ¥ Y 0 3 0  ADULT 2,720 OBHWIVCRE
IN¥S ECTA QRTHOPTERS BLATTIDAE 2 1 1.8 i 0 Q Q 1 ADULY 2.720 OHNMIVCRE
INSECTA ORTHOPTERA BLATTIDAZ p) 1 1.5 2 0 0 0 2 ADULT 2.720 ORZIYORE
INSECTA ORTHOPTERA BLATTIDAE 2 2 2.0 2 2 9 0 0 ADLLY 2.720 CHHIVCEE
INS ECTA ORTHOPT ER & SLATTIDAE 3 3 1.2 1 3 Q 0 0 ADULT 2.720 ONMNIJOBE
IH#S ECTA ORTHOPTERZ BLATTIDAE 3 i 1.6 2 0 2 4 0 apuL® 2,720 OHNIVORE
THSECTA 0RTHOPTERA BLATTIDAR 3 L 1.2 2 9 0 o] 1 ADULTY 2.720 OKNIYORE
IHS ECTA ORTHOPTERA SLATTIDRE 4 4 1.2 2 2 ] 0 0 SULT 2.720 OBNIYORE
IHS ECTA PSOCOPTERA UNKNO®Y § H 1.2 1 1 J ¢] 0 ADULT 0.038 DETRITIV
TUSECTA PSOCOPTERA UNKNOWN 1 i 1.2 2 k] 0 8] 3 ADULT 0.038 DEIRITIV
INS BECTA PSOCOPTERA UHKHOWN i 121,90 4 6 & 0 3 ADULT 0.038 DE¥RITIY
TNSECTA PSCCOPTERA UNKNOHRN 3 2 0.8 i 9 1 0 0 ADULY 0.038 DETRITIVY
I¥SECTA PSOCOPTERA YEENOHN 1 2 1.2 1 ] 1 el 0 ADUALT 9.038 DETRITIY
IMS ECTA PSOCOPTERA JHKNOHYE 1 2 1.2 2 O 0 0 T ADULT 0.038 OETHITLY
INS ECTA PSOCOPT ERA UNKNOWH 1 ] 0.4 H 0 Q i 9 ADULT $.038 DETRIZIV
I¥SECTA PSQCOPTERA PNENOHE 2 1 0.8 i B a [¢] £ ADULT 0.038B DETRITIV
INS ECTA PSOCOPTERA UNKNO®EN 2 3 1.2 1 0 3 i 9 ADULY 0.038 DEIRIIIY
IN¥SECTA PSOCOPTERR UURKNO®EN 2 1 .6 3 9 0 1 P ADULT 0.038 DEYRIYIY
INSECTA PSOCOPTERA UNKYOWN 2 219 3 2 0 0 3 ADULT 0.G38 DETRITIIY
I¥S 2CTA PSOCOPTERA ONKNOHY 2 2 0.8 2 Q 0 3 0 ADULT 9.038 DETRITIV
TIMSECTA OSCCOPTERA YRKHOWY 2 2 1.2 1 i O 0 0 ADULT 0.038 DETRITIV
INS ECTA PSOCOPTERA [UEE $: 10k 2 2 2.0C 1 i i 0 i  ADULT ¢.038 DETRITIV
INSECTA PSOCOPTERA UHKHO¥YH 2 2 2.0 2 5 0 0 {0  ADULT 0.038 DETRITIV
INSECTA PSOCOPTERA GYRNO¥A 2 4 0.4 i 9 Q 4 i ADULT 0.038 DETRITIV
INSECTA PSCCOPTERA U KHO¥Y 2 3 0.8 3 0 1 3 ¢ ADULTY 0.038 DETRITIV
THS ECTA PSCCOPTERA UHENOWN 2 4 1.2 1 0 H € 0 ADELYT 0.03% ODETRITIY
INSECTA PSCGCOPTERA GHERONN 3 H 0.8 1 2 0 Q 3 ADULY 9.038 DETRITIV
IHS ECTA PSOCOPT IR A CHKYHOWN 3 1 1.2 1 9 3 3 1 ADDLT 4.038 DETRXITIY
T4S ECTA PSOCOPTERA UBKHO NN 3 9 1.6 1 Z G 0 0 ADULT 0.038 DETRITIIV
INS ECTR PSOCOPTERA UHKNOAY 3 i 2%.0 i [¢] l 4] U ADULT 0.038 DETRIIIV
THS ECTR PSOCOPTERA UdKNOHH 3 2 0.8 Al 0 ¥ 9 0  4DYLT 0.038 DETRITIV
INSECTR PEOCOPTERA UXNOuY 3 2 1.2 ¥ 0 3 3 d  ADULY 0.038 DETRITIY
INSECTA PSOCOPTERA GNKROWN 3 2 2.0 1 ] 9 1 0 &DULT 0.038 DETRITIV
THS ECTA PSOCOPT ER A GHKs0¥Y 4 1 0.8 1 2 3 0 1 ADULT 0.038 DETRITIV
INS ECTA 2SOTOPTRRA UHKHOWY 4 i 1.2 i 0 [ i 0 ADULT 0.038 DETRITIIY
INSECTA 250COPT ERA UAHEHCHR kS 3 1.6 § 1 0 0 0 ADULT 0.038 DETRITIV
IHS ECTA PIOCOPTERA UBK¥OYY 4 i 21,0 § 0 3 i 9 ADULT 0.038 DETRLTIY
INSELTA PSOCOPTERA UNKNORYN 4 1 2.0 2 0 0 ¢ i ADULY 0.038 DETRITIV
INSECTA PSOCOPY SR A UHKEO 9N 4 2 0.8 i 3 H S ¥ ADULT 0.038 DETRITIV
INSECTA PSOCOPTEKA UNKNO#N B 2 2.9 1 i Q 0 2 apgrw 0.938 DIETRITIY
I¥SECTA HY{SEHOPTERA DHKNOWN 2 3 1.6 i 0 0 0 ¥ LARYA 0,030 UNKNOHH
IWSECTA RY 4EHOPTERA DORYLINAE 1 il 0.8 1 G 0 3 0 ADULY 0. 455 PRIDATOR
INSECTA HYMEKOPTERA DORYLINAE 1 1 1.2 2 0 H 0 0 ADULT 0.455 PREDATOR
INSECTA HYYEHOPTERA DORYLINARE 1 1 1.6 2 0 0 0 1 afoLY 0.455 PREDATOR
INSECTA SYMEHOPTERA DORYLINAE 1 4 9.8 2 0 H 2 0 ADBLY 0.455 PREDATOR
IHS BCY3 HYBENOPTERA DORYLINAE 2 1 0.% 2 2 0 9 0 ADULT 0.455 PREDATOR
TESECTA HYRENOPTER A DORYLINAE 2 H .2 2 0 (4] 3 $  4DULT 0.455 PREDATOR
IXSBECTA HIMENOPTERA DORYLINAE 2 4 2.8 2 0 1 0 0 aDULT 0.4555 PREDATCE
I¥SECTA BYMENOPYERA DORYLINAE 2 L 1.2 2 9 4 P 15 A4DULT J.455 PREDATOR
IWS ECTA BY¥EHOPTERA DORYLINAE 3 2 2.0 2 g [ 0 0  ADULT J.455 PREDATOR
IMSECT RYMEHOPTERA DORYLIRAE 3 4 1.2 2 i Y 2 2  ADULT 0.455 PREDATOR
IHSECTA HYRENOPTERA DORYLINAE & 2 Q.4 2 Q 0 1 0 aDULT 0.455 PREDATOE
INSECTA HYEEHOPTERA POWERINAE 3 Al 0.8 2 ] 4 J 0 ADULT 0.2 DPREDATOR
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385 CLHSS ORDER FRRILY $SH DIR DIST ROR RUNE RT¥O RTHREE EFOUR LIPESTG: WGWT TROGFLEVL
936 INSECTA HYBENOPTERA PONERINAE 1 1 1.2 2 G Q 5 0 ADULT 102 PREDATOR
9137 INSECTR HY MENCRPTERR PORERINRE i 1 1.6 2 ¢ v ¢ ¢ ADULY L, 102 FREDRTOR
338 INSECTA HYMENOPTERA PONERINAE i 2 t.2 2 Q o 2 0 ApULT . 102 PREDATOX
%39 INSECTR RYMEWNOPTERA PONERINRE 1 b G.8 2 2 o ¢ 0 ADULT . 102 PHREDATOR
949 INSECTA HYBEHOPTE RA PONERINAE i 4 1.2 2 0 ¢ 0 1 ADULT 102 PEREDATQR
ELR] INSECTA HYMENOPTERA " PONERINRE 2 1 0.4 2 1 9 5 O apBLY - 102 PREDATOR
9z IN SECTA HYMENOPTE RA PONERINAE 2 i 5.8 2 0 1 ¢] 9 ADOLY . 102 PREDATOR
i3 IHSECTA HYHEROPTERA PONERINAE 2 ] 1.2 2 0 5 3 1 ADULT . 102 FPREDATOR
L INSECTR HYMENCPTERA PONERINAE 2 1 1.6 1 0 G 0 2 ADULT . 102 PREDATOR
945 IRSECTA HYMENOPTERA PONERINAE 2 1 1.6 2 It i 2 3 ApULT . 1302 PREDATOR
846 INSECTA HYMENOPTERA PORERINAE 2 t 21.0 2 0 G ¢ 7 ADULT . 102 PREDATIOR
347 INSECTA HYMENSQPTERA PONERINAE 2 2 0.8 2 i Q 0 Q  ApHLY . W2 PKREDATOR
348 INSECTA RYMEROGPTERA PORERINAE 2 2 1.2 2 Q 19 0 9 BDULT . 132 PREDATOR
949 IN SECTA HYBENOPTERA PORERINAE 2 2 2.9 2 0 1 0 ¢ apuLt . 102 PRED&TOR
950 INSECTR HYRENOPTERA PONERINAE 2 ] 0.4 2 2 0 1 0 ADULY .102 FPBEDATOR
351 INSECTA HIMENOPTERA PONEHINAE 2 4 0.8 3 i 3 i} 0 ADLLT + 102 -PREDATOR
952 IRSECTA RYRENGETERY PORERINAE 2 4 ¢.8 2 1 1 i $ RDULT » 302 PHREDRIOR
953 INSECTA HYBENOPTERR PONERINAE 2 4 1.2 2 Y 0 i 1 ADULT + 102 PREDATOR
954 INSECTA BRYNENOPTERA PONERINAE 3 1 1.2 2 24 0 G 1 ADULT . 102 PREBATOR
985 INSECTA RYMENOPTERA PONERINAE 3 1 1.6 2 1 0 ¢ 26 ADULT . 102 PREDATICR
956 INSECTA HY #RENOPTERR2 PONERINAE 3 1 2t.0 2 0 0 2 0 apuLT .102 PREDATOR
957 INSECTR HYMENOPTERR PONERINAE 3 2 ¢.8 2 1 0 [\ ¢ BDULT » 102 FREDATOR
958 INSECTA HY MENOPTERA PONERIMAE 3 2 1.2 1 G ¢ 1 Q  apuLT . 102 PREDATGR
359 INSECTA HY MENOPTERA PONERINAE 3 2 1.2 2 2 1 1 6 ADULT . 102 PBEDATOR
$60 INSECTA HYMENCPTERRA PONERINAE 3 2 2.9 2 G 3 0 ¢ ADULT . 102 PREDATIOR
g6 1 INSECTA HYMENOPTERA PONERINAE 3 g .8 2 1 Y Z ¢  ADBULT 102 PREDATOR
562 INSECTR HYMEROPTE R& PONERINAE L] 4 0.8 2 0 g ] 3 ADULT . 102 PREDATOR
983 IRSBECTA HYMENOPTERA BRACGNIDAE 3 2 Q.4 i 0 1 G ¢  ADULT .070 PREDATOE
g6u INSECTA HYMENCFTERA EULOPHIDAE 1 % 0.8 2 0 [ 0 1 ADULT . 140  PREDATOR
963 INSECTA HYMENQPTERA EULOPHIDAE 2 4 1.2 2 0 0 i G ADULT « WG PREDATOR
368 INSECTA RYMENOPTERA EULOPHIDAE g 4 0.4 2 0 1 G 0  BADULT . 140 FPREDATOR
967 INSECTA HY MENGPTERR EUPELMIDAE 2 1 t.2 2 2 4] & ¢ ADULT .047 PREDATOR
968 IN SECTA AYMENOPTE RA EUPELMIDAE 2 1 1.6 L [\ Q 0 t ADULT »047 FPREDATOR
369 INSECTA HY HENOPTERRA EUPELMIDAE ] 1 1.8 2 0 1 Y] ¢ ADULY .047 FREDAIOR
370 INSECTA RYBENGPTERRA FORBICINAE 3 T 21.0 2 3 0 *] G apuLy . 110 OBNIVORE
971 INSECTA HYMENOPTERA POBRMICINAE 1 2 0.8 1 0 Q 0 3 RDULT 110 OBMHIVCEE
972 INSECTA HYBENOPTERA FORMICINRE i 2 2.0 1 0 4 0 o RDULT > 110  ORRIVORE
973 INSECTA HYBENGPTERA FORBMICINAE 1 2 2.0 2 Q 6 0 0 ADULT . 110 OMNIVOHE
374 INSECTA HYMENOPTERR FORMICINRE 2 1 0.4 i 54 G Q 0 apoULYT 110 OBNIVGEE
975 IHSECTA HY®EROPTERA FORMICINRE 2 1 0.4 2 42 0 ¥ ¢ ApuLT - 110 CGUNIVOKE
376 INSECTA HYMENOPTERA PORMICINAE 2 i 0.8 2 0 22 0 @ apuLT . 110 OMNIVCEE
377 INSECTA HYMERQPTERA FORBICINAE 2 1 1.2 Z 1] G 1 0 ADULT 110  OMNIVGRE
978 INSECTRA HYXEROPTE RA PORBICINAE 2 2 2.0 2 1 G ¢ 1 ADULT » 110 OMNIVORE
979 INSECTA HYXEROPTE R4 FORBICIMNRE 2 4 .2 } H 4] ] G ADULY . 110 OMNIWCRE
980 INSECTA HY BENOPTERA FORMICINAE 2 4 1.2 2 G Q G 8 RDULT <110 ONRIVORE
381 INSECTA HYMENOPTERA FORMICINRE 3 H 1.2 2 0 It} 4 0 ADULT » 110 OHKIVORE
982 INSECTA HY RENOPTERA FORSICINRE 3 2 0.8 2 [¢] 0 5 U ADULY 110 OBBIVCEE
383 INSECTR HYHENOPTERA POPKICINAE & 1 1.6 2 Q 4 G 0 ADULT . 311G CMRIVOKE
I8 i I8 SECTA HIMEHOPTE RR REYHICINAE § 1 9.8 1 < O 3 0 ADULY 2270 OMRI¥CRE
948 IMSECTRA HYMEHOPTERA BEYMICINAE 1 1 i.2 2 1 i ¢ G ADULT 270 OCMHEIYCRE
385 INSECTA HYMENOPTERR MRYMICIMNAE t 1 1.8 2 2 3 3 0 ABULY . 270 OBHIVORE
997 INSECTR HYMENOPTERA AEYMICINAE 1 t Zt.o H 0 i ¢ ¢ ADULY 270 OWHIVCRE
9E8 INSECTA HYMENOPTERS RRYMICINAE 1 T 21,0 2 3 3 6 2 ADULY .270 OMHIYORE
389 INSECTR HYMENOPTE RA PBYNICINAE i 2 0.4 2 0 9 1 9 ADULT . 270 OBKIVORE
90 INSECTR HY SENOPTERA MRYMICINAE i 2 0.8 2 0 i 0 3 ADULT 270 OBNIVCRE
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993
992
993
994
995
998
997
G498
9%
1300
100§
1602
1003
1004
3005
1006
1007
108
1049
1030
$031
1032
139133
1018
1015
1016
1017
3098
1049
1020
1021%
1022
1023
1024
1025
1026
1027
3028
1029
1030
31931
1232
$933
31034
§035
1036
1037
1038
103¢
1046
10% 3
1062
043
{0%6
1045

CLASS

INSECTA
INSECTA
INSECTH
IRSECTA
INSECTA
INSECTA
I¥EECTA
I¥NSECTA
I¥EECTA
INSECTA
IRSECTR
I&SECTA
INSECTA
I¥ SECTA
INSBECTA
IN SECT
IMNSECTA
INSECTA
INSECTA
INSBCTA
INSECTA
INSBCTA
INSECTA
IHSECTA
IHSECTA
INSECTA
INSECTA
INSECTA
I¥SECTA
INSECTA
INSECTA
INSECTE
INSECTA
INSECTA
INSECTA
IASECTA
I SECTA
IAEECTA
I¥SECTA
i SECTA
I¥SECTA
TN SECT
IR SECYS
INSECTR
INSECTR
INSECTA
INSECTA
INSECTA
INSECTA
INSECTA
IMSECTA
INSECTA
INSECTA
INSECTA
INSECTA

HY¥ENOPTERA
HY MENOPTERA
HYNENQPTERA
HYMENOPTERA
ETMENOPTERA
RYHENOPTERA
HYKEROPTERA
HYEKENOPTERA
HY HEROPTERA
HY XEXQPTERA
HYHERQOPTERS
dAYBEHOPTERA
BYBEYOPTE RA
HYNEHROPTERA
HYBENOPTERA
HYHENOPTERA
HYNEHOPPERA
HYNEVNOPYTERA
HYNEROPTEHA
RYMEWNGPTERA
HYINENOPTERA
HYHENOPTE RA
HYBEHOPTERA
RYREWOPTERA
RYREHOPTERA
HYBEWOPTE RA
HIMENOPTERA
HYNEXOPTERR
HYHINOPTE RA
HYMENOPTERA
HYHENOPTERA
HYHENOPTERS
HY¥ENGPTERA
HYMEWOPTERA
HYMEHCPTERA
HYHENOPTERA
AYREYOPTE RA
HY RENOPTERA
HTISEXOPTERA
SYXEROPTERS
HY HENOPTERA
SYXENOPTERA
HYXENOPTERA
HY HE¥OPTERA
AYMZHOPTE RA
HY #ENOPTERA
HYMEZNGPTERA
HYHENOPTERA
HYHERORTERA
HIKEROPTERA
#YBEROPTERA
HYRENOPTERA
ZTHRENOPTERA
HYHENOPTERA
HYKENQOPTERA

FAHILY

BRAYHICINAE
MRYMICIWAE
MEYMICIMAE
MRYMICIHAE
MRYMICINAE
HRYBMICINAE
HRYMICINAE
ERYMICINAE
ERYHICINAE
MRYMICINAE
MRYHMICINAE
HRYBICINAE
BRYNICINAE
YRYHICINAE
BRAYHMICIHAE
HRYNICINAE
HUBYMICTIHAE
HRTHICTIHAE
HRTHICIIAZ
HRYYICINAE
BRYXICINAE
BRYMICTIHAE
HRYBRICINAE
BRIAICIHAE
ERYAICINAE
MRYMICIHAL
HRYNICIHAE
XRYMICINAZ
HAYHICTINAE
HRYHICIHAZ
XRINICINA 2
¥RYHICINAZ
MRYHNICIRAE
HRYMICIMAE
MRYHICIHRE
ARYBICIVAE
HAYHICLNAY
BRYHICINAE
BRYZICIMAE
HAYYICIHAE
BERIHICINAE
XRINICIRAE
HRYMICIAAE
BRYINICIWAE
HREYMICIMAE
BETHICIMAE
MRYMICTINA 2
HRYBICINLZ
HRYXICINAE
AXPULICIDAE
CHALCIDOIOEA
CHALCIDOIDEA
CHALCIDOIDE R
CHALCIDOIDEA
CHALCIDOIDES
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LIFESIGE

ADULT
ADULT
ADULT
ApyLY
ADULY
ADULT
ADULT
ADELT
ADULT
ADELTY
ADULT
aDULT
ADULT
ADULT
ADULT
ADULT
ADOLY
4DULY
ATULT
ADUGLT
ADULY
ADOLT
ADULY
ADULT
ADULT
ADULT
ADULT
4D3L7T
ADGLY
ADULT
ADOLY
ADULY
ADULT
4DELTY
ADULT
ADULYT
ADULY
ADULY
ADULT
ADULT
AD0LY
ADULY
ADHLY
abULY
ADULT
ADOLT
ADULY
ADULT
ADULT
ADULT
ADULZ
ADULT
ADULT
ADULT
ADULY

BGHT

0.270
¢.270
£.270
0.270
0.27¢
g.27¢
€¢.2790
0.27¢
0.27¢8
2.270
0.270
0.270
£.270
{.270
0.270
0.29¢
0.273
0.279
0.27¢0
0.279
0.270
9.270
2.270
$.270
4.270
£.27¢
¢.278
0.27%
0.27¢
0.27%
0.279
€.279
0.270
9.270
9.2740
0.270
$.270
0.270
0.27¢
0.27%
0.27¢
0.279
0.270
0.270
2.270
g.2790
0.270
0.270
0.27¢
2.99¢
J.0%7
0.01%7
0.017
0.017
0.01%7

TAOFLEVL

OMHYVORE
OBHIVORE
V4RIVORE
CHRIVORE
OMYIYORE
OMNIYORE
ONHIYORE
ONYIYOEE
OBY¥IYORE
ONMIVYORE
OBHIYORE
QHNIVORE
QMNIVYORE
QHUNIYORE
OMEIVORE
OBNIYORE
CHHIYORE
OMHIYORE
OEHIVYORE
OMNIVORE
QMMIVORE
OMNIVORE
OHMNIVORE
OMEIVORE
OMBIYORE
ONYIYORE
ONHIYORE
CEHIYORE
OBYIVORE
OBHTYORE
OHMIVORE
OMMIYOKE
QHNIYORE
QMNIVORE
QMUIVORE
QONNIVORE
OHHIVORE
038IVORE
ONHIVORE
CHEIVORE
OENIVORE
CHEIYORE
OBHIVORE
QUNIYORE
ORNIYORE
OHHIVYORE
OBNI¥ORE
QAxIvVORzI
OHNIYORE
2REDATOR
PEEDAYCE
PREDATOR
PHELATOR
PREDATCH
PREDATOR

0¢1



OBS CLASS ORDER PAMILY S8 OIR DIST HOE RONE RTH0 ATHREE BRFOUR LIFESEIGE ®3§T  TROGFLEYL
1046 INSECTA HYXERQPTERA CHALCIDOIDE 3 2 4 0.8 2 G i G ¢ ADULT 9.017 PREEDATOR
107 INSECTA HYMENOPTERA CHALCIDOIDESR 3 1 1.2 1 1 0 4] ¢ ADDLT G.017 FREDATCE
tous INSECTA HYMERGPTERA CHALCIDOIDER 3 1 1.6 2 4] 1 Q ¢ abDuLY §:.017 PREDATOR
G4 INSECTA RYRENOPTERA CHALCIDOIDE 3 3 2 0.8 2 g Q 9 1 ADULT 0.0%7 PREDATCR
1050 INSECTA HYBENOPTERA CHALCIDOIDER 3 2 G.8 2 0 4 4 1 ADULT 0.017 PREDATCH
1051 INSECTA RYMENOPTERA CHRLCIDOIDEA 4 1 0.4 2 0 43 & T ADBLY 0.017 PREDATGR
1052 INSECTA HYMENOPTERA CHRLCIDOIDEA ) 1 0.8 2 ] G ] 1 ABULT 0.017 CEREDATOR
1053 INSRECTR RYBEROPTERR CHRLCIDOIDER 4 i t.2 2 ¢ 0 1 0 apULY 0.017 PREDAICK
1054 INSECTA BYMENQPTERA CHALCIDOIDER 4 2 0.8 2 Q Q 9 1 ADOLY 0.0%7 PREUATOR
1355 INSECTR HY MERQPTERA ICHHEGUCNIDAE 1 b G.8 2 0 1 0 G ADULT 1.140 PREBATOR
$4568 INSECTA RYMENGPTERA ICHNEUMONIDAE 1 ¥ 1.2 ] ¢ 4] 1 ¢ ADULT 1.140 PREDATOR
1G57 INSECTA HYMENOPTERA JCHREUNONIDAE 1 2 0.8 ) 1 & 0 G ADULT t.140 PREDATCE
1958 INSECTA AYMENOPTERA ICHNEUMONIDAE 2 1 21,0 2 i} G 1 0  ADULT 1.140 FPREDATOR
1059 INSECTA HYMESNOPTERA ICHNBUMONIDAE 2 2 9.8 H ¢ ] 1] 1 ADULY 1. 140 PREDATGR
1060 IH SECTA HYMBEROPTERA ICHNEUMONIDAE 4 i 0.4 1 1 [t} 0 0 AapyL? 1.14C PREDATCR
1061 INSECTRA HYMEROPTERA DOLICHODERIRNAE 2 T 21.0 1 1 Q | $  RDULT 0.930 OANIVORE
1062 INSECTA HYBEHOPTERA DOLICHODERIBAE 2 2 2.9 2 3 [¢] 2 0 ADULT 0.930 ORKIVORE
1663 INSBECTA BYHENOPTERR DOLICHODERINAE 3 2 0.4 2 0 0 0 T ADULT $.930 O#NIVORE
1464 IN SECTR HYBENOPTERA DOLICHODERINAE 3 2 0.8 1 0 3 0 J ADULT €.930 OMNIYORE
1065 INSECTA HYMENOPTERA DOLICBODERINAE 3 2 2.0 1 1 D e} 3 ARDULT C.930 QNNIVORE
1068 INSECTA HYKENOPTERA PROCTOTRUPOIDER 1 4 G.8 1 3] i g 0 ADULY 0.125 PREDAIGR
1067 INSECT2 HYMEROPTERAR PROCTOTRUPOIDER 2 2 2.0 2 2 L] [} ¢ ADUL? 0.125 PREDATOR
1064 IRSECTA HY MEROPTERR PROCTOTRUPCGIDEA 4 2 2.0 2 0 0 ¢ 1 ADULT 0.12% PREDATCR
1068 INSECTR HY MENOPTERA UNKNOWNPARASITE 1 1 V.2 2 1 0 G ¢ ADULT €.023 PREDATOR
1070 INSECTA HYBEMOPTERA USKNORMPARASITE 1 4 0.8 1 Y 0 3 3 ADULT 0.023 PREDATCR
1071 INSECTA HYRENOPTERR UNKNOWNPARASITE H 4 0.8 2 \ i 2 ¢  ADOLT 3.023 PHREDATOER
1672 INSECTA HYMENOPTERE UNKNOWNPARASITE 1 4 1.2 2 0 ] 0 ¥ . ADULT 0.023 PREDATOR
1073 INSECT2 HYHMENOPTERA UNKHONRPARASITE 2 1 0.8 2 1 ¢ § O  BDULT 0.023 ©PREDATCE
1674 INSECTA HYKENOPTERA OUNKNOWNPARASITE 2 1 1.2 2 a9 3 G 1 ADULT ¢.023 PREDATOR
1675 INSECTA HYMENOPTERAE UNKNCWNPARASITE 2 2 0.8 2 0 2 G ¢ ADULT 0.023 PREDATOR
$076 INSECTR HYMENOPTERA OUNKNOWNPARASITE 2 4 0.8 2 t G Q 4 ADULY 0.923 PREDATCR
1017 INSECTRA HY#ENOPTERE UNKHNORHPARRSITE 2 iy 1.2 2 ¢ 9 4 2 ADULT 0.023 PREDATOR
1078 INSECTA HYMENOPTERA UNKNOWNPARASITE 3 L 0.8 2 0 ¢] ] 1 ADULT 3.0623 PBEDATOX
1079 INSECTA HYMEROPTERR UNKHOWHPARASITE 3 % 0.8 2 2 ¢ o 9 abyL? 0.023 PREDATCE
1086 INSECTR HYMZROPTERA UNRRCWNPARASITE 3 3 1.2 2 H ¢ Y ¢ BDULT ¢.023 PREDATGR
081 IRSECTA BYMERCPTERA DN ENOWRPARASITE 3 2 .8 2 g G 2 t  ADULT 0.023 ©TREDMCUE
1082 INSECTR HYBEROPTERA; UNENOHNPARASITE 3 2 1.2 H 4 o] ¢ t  ADULT 0.023 PREDATOR
1083 INSECTA HYMENOPTREA UNKNCWXPARASITE 3 2 2.0 2 1 0 ¢ 3 RDULT 0,023 PREDATOR
1084 INSECTA RYMENOPTERA URKNOWNPAKASITE 3 3 1.2 2 0 0 4 0 ADULT 0,023 PREDATOER
1085 INSECTR HYMENOPTERA UHEKMQUNPARASITE 4 1 1.2 t 0 3} o ¥ ADHLY 0.023 PREDATOK
1086 IRSECTA HYMENOPTERA UNKNOWNPARASITE i £ 21.0 2 2 o 9 0 ADULT 0.023 PHEDATCR
1087 INSECTA HYMENOPTERE UNKNOWNPARASITE 4 Z 1.2 2 9 1 0 0  appLy 0.023 PREDATCE
1088 INSECTA RYMENOETERA UNKNCWNPARASITE 4 i 0.8 2 J 4 1 0  ABULTY 0,023 PREDATOR
1089 THSECTA THRYSANOPTERA PHLOEOTHRIPIDRE 1 i G.8 1 a Q 7 0 ADULT 0.022 FUNGIVCE
19390 INSECTA TRYSANOPTERA PHLOECTHRIPIDAZ 1 3 G.8 2 2 4] 3 ¢  ADULT §.022 FUBGIVOR
1091 INSECTA THYSANCPTERA PHLOEOTHRIPIDAE i 1 1.2 1 g 1 3 I AboLY 0.022 FUBGIVOER
1092 INSECTA THYSANOPTERA PHLOECTHRIPIDAE 1 1 1.2 2 ¥ 3 4] 19 ADGLT 0.022 PURGIVOR
1093 INSECTH THYSANOPTERA PHLOQBOTHRIPIDAE % i 1.5 1 i} Q g 0 ABULY 0.022 FUNGIVOR
1094 TMSECTR THYSANOBTERA PRLOEOTHRIPIDAE 1 i i.6 2 4] 2 12 13 ADULT 0.022 FUNGIYOR
1095 INSECTA THRYSAWOPTERA PHRLOEOTHRIPIDAE 1 vo21.0 i 0 0 i 0 apuLY 0.022 FUBGIVOR
1096 INSECTR THYSANOPTERA PHLOEOTHRIPIDAE 1 21,0 2 [} 0 2 5  ADULT 9.022 FURGIVOH
1937 INSECTA TBYSANORTERA PHLOEOTHRIPIDAE i 2 1.2 1 4 Q o S ADULT 0.022 PUNGIVOE
1098 IRSECTR THYSANOPTERE PRLOEOTHRIPIDAE i 2 1.2 2 2 a 0 2 ADULT G.022 FUBEGIY¥OR
1093 INSECTR THYSANOPTERA PHLOEOTHRIPIDAER 1 2 2.0 1 0 Q G 1 ADULY 0.022 FONGIYOE
1100 INSECTRA THYSANOPTERAR PHLOEBCTHRIPIDAE i 2 2.¢ 2 4 G 5 G apiLy 5.022 FUNGIYOCR
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085 CLASS PARILY DIR LIFESIGE AGHYL TROFLEVL
1101 INSECTA PRYSAHOPTER4 PHLOEQTHRIPIDAE 1 4 0.8 ¥ ] 0 2 g apeL? 0.922 FUHGIYOR
1102 INSECTA THYSANOPTERA PHLOEOTHRIPIDAE 1 ] 0.8 2 0 0 Y 2  ADULYT $.022 FUNGIYOR
1303 INSECTA THYSANOPTERA PHLCEOTHRIPIDAE i 4 1.2 2 1 0 0 0 adbuULT 9.022 PLNGIYOER
110% THSECTA THYSAROPTERA PHLOBCYRRIPIDAE 2 3 9.4 k! 0 2 ¢ 0 ADULT 0.022 FUNGIYOR
1105 IK SECTA THYSAYOPTERA PHLOEOTHRIPIDAE 2 1 0.8 2 (] 0 [ 1 ADULT 0.022 FUHGIYOR
1306 INSECTA THYSANOPTERA PHLOBOTHRIPIOAE 2 4 1.2 1 Q Q 0 2 ADULT 0.022 PFURGIVOR
1107 TUSECTA THYSANOPTERA PHLOBOTHRIPIDAR 2 1 te2 2 i Q 0 O ADUAT 0.022 PUNGIVCE
1108 INSECTA THYSANOPTERA PHLOEOTHRIPIDAE 2 1 1.6 3 0 4] 4 1 ApULT 0.022 TFUHGIVOR
1109 ENSECTA THYSANOPTERA PHLOBOTHRIPIDAR 2 1 21.0 1 4 2 2 3 ADDLT 0.022 FPURGIVOR
Y110 THSECTA THYSABOPTERA PHYLOZOTHRIPIDAE 2 121.0 2 1 6 3 0 ADULT 0.022 FUNGIYOR
1194 INSECT2 THYSANOPTERA PYLOEZOTHRIPIDAE 2 2 0.4 1 1] 0 1 0 ADULT 0.022 FUNGIYUS
1312 THSECTA THYSSHOPTERA PHLOBOTHRIPIDAE 2 2 0.8 | jt 0 2 t &DULT 0.022 FUNGIYOR
i3 I¥GECTX THYS4¥OPTERA PHLOEOTHRIPIDAE 2 2 0.8 2 ¢ 9 0 0 ADULY 9.022 PU¥GZIVOR
1114 INSECTA TRYSANOPTERA PHLOEOTHRIPIDAE 2 2 1.2 1 L} 0 0 0  ADULT 0.022 PUNGIVCR
1135 THSECTA THYSANOPT2 RS PHLOEOTHRIPIDAE 2 2 1.2 2 i 9 1 0 ADULT 0.022 FUHAGIYOR
1116 JHSBECTA THYSANOPTERA PHLOEOTHRIPIDAE 2 2 2.0 1 0 4 ] 0 ADTLT 0.022 FUNGIVOR
1117 INSECTA THYSANOPTERA PHLORBQTRRIPIDAE 2 2 2.0 2 [¢] B 1 0 ADULYT 0.022 FPONGIYOR
418 ¥ SECTA THYSANOPTERA PHLOBOTHRIPIDAE 2 4 0.8 2 ¢ 1 O 0 4DULY 0.022 FUHGIYOR
11319 INSECTA TRYSANOPTERA PHLOTOTERIPIDAE 3 3 3.8 3 Q Q i 0 ADULY $.022 FUHGIVOXR
1120 IASECTA TRYSANOPTERA PHLOBOTHRIPIDAE 3 1 1.2 3 0 0 0 Y ADULT 0.622 FUNGIVOR
21 INSECTa TEYSANOPTERA PHLOZOTHRIPIDAE 3 1 1.6 1 0 0 9 2 ADULT 0.022 FUNGIVOR
$122 INSECTA THISANOPTRERA PHLOZOTHRIPIDAE 3 1 1.6 2 3 3 8 0 ADULT 0.022 PFUBGIYOER
1123 INSECTA TRYSAKO0PTERA PHLOZOTHRIPIDAS 3 1 21.0 1 ¢ 3 3 3 ADULT 7.022 PUNGIYOAE
1524 I% SECTA TYYSANOPTERA PHLOZOTHRIPIDAE 3 i 21.0 2 23 3 8 ¢ abULT 9,022 FUHGIVOR
1325 THSECTA THYSANOPTERA PHLOBOTHRIPIDAE 3 2 0.4 2 il ¢ 0 3 ADULY 0,022 FONGIYOR
1126 INSECTA THYSANOPTERA PHLOEOTHRIPIDAE 3 2 0.8 i g 5 1 0  ADULT 0.022 PLuUGIYOR
1127 IMSECTA TRYSANOPTERA PHLOBOTHRIPIDAE 3 2 0.8 2 ¢ 15 Q U ADULT 0.022 FUNGIVOR
1128 THSECTA THTSAHOPTERA PHLOEOTHRIPIDAZ 3 2 1.2 4 i 0 9 0 ADULT 0.022 FUNGIVOR
129 INSECTA THTSANOPTERA PHLOEOYHRIPIDAE 3 2 1.2 2 0 2 0 1 ADULT 0.022 FUNGIVOR
1130 INSECTA TYYSAWOPTERA PHLOBOTHRIPIDAE 3 2 2.0 2 i 5 0 0 ADULT 0.022 FUNGIYOR
1339 INSECTA PHYSANCGPTERA PHLOEOTHRIPIDAZ 3 ] 0.8 b < 9 0 1 ADUYLY 0.022 FUNGIYOR
1132 INSECTA TEYSANOPTERA PHLOECTHRIPIDAE 3 iy .2 2 ] 0 0 0 apuLT 0.022 FUUGIYIOR
1133 IHSECTA TRYSANOPTERA PHLOBOTHRIPIDAZ 4 1 0.4 1 0 0 9 1 ADULT 0.022 PUNGZEYOR
i34 INSECTY TEYSAHOPTIRA  PHLOBOTHRIPIDAZE 4 i 1.2 2 6 Q 2 0 AZULT 0.022 FU¥GIVOR
1135 I¥SECTA THYSANOPYERA PHLOZOTHRIPIDAE 4 4 1.6 2 3 Q i U ABULY 0.022 FUNGIVOX
1138 INSACTA THYSAWOPTREKA PHLOBOTHRIPIDAE % $2t.9 § ¢ It} 0 3 ADULT 0.022 FUNGIVOR
1137 I¥SBCTA THYSANOPTERA PHLOBOTHEIPIDAE 4 ¥ 2%.0 2 2 3 3 0 ADULT 0.022 FURGIYCR
1138 THSECTA mRYSANOPTERA PHLOBOTHRIPIDAR & 2 1.2 1 1 0 3 0 4DpULT 0.022 PUNGIVOER
1139 INSECT: TRYSANOPTER:E PHLOZOTHRIPIDAE 4 2 3.2 2 1 Q ¢ 0 ADULT 0.022 FUNGIVOR
1160 I3 SECTA THYSAHOPTERA PHLOEOTHRIPIDAE L] 2 2.0 1 G 0 i 0 ADULT 0.622 FUBGIVOR
IR THSECTA THYSAHOPTRRA PHLOBOTHRIPIDA £ 4 2 2.0 2 k! 2 9 & ADULT 0,022 FUYGIVOER
[RL Y] IHSECTA THYSANOPTERA PHLOEBOTHRIPIDAE 4 & 1.2 2 ¢l 2 0 {0  aduUL® 0.022 FUNSIVOR
1503 SINPRTLA USKuO 9N IRKNCOY 3 2 2 0.8 2 1 0 Q i ADULT ¢.063 DETRITIV
1944 SIHPHYLA JHKHAOYH UUXBO¥ S 2 2 1.2 2 3 9 2 0 ADULY 5.063 DEPRITIY
1145 SYNPHYLA OHKNOGH YVKHOE N 2 2 2.0 2 0 1 3 1 aDULY 4.063  DBTRITIY
f146 ARACENIDA ARAMERE ZORIDA R & 3 G.8 1 3 G 0 0  ADULT 2.277 PREDATCER
t187  ARACHMIDA ARAWIBAE ZORIDAE 4 i 0.3 2 1 G 0 0 ADULT 2.277 PREIDATOX
1148 ARACHNIDA ARAMEAE PAHHIIDAE } 1 O.b 2 1 0 Q 0 ADULT 0.125 DPREDATOR
1349 ARACHYWIDA ARANEAE EARNIIDAE 2 1 1.2 2 0 0 & 3 ADYLT 9.125 PREDATCOR
1450 AKACHNIDA ARANEZAE HARHIIDAR 2 2 0.8 2 0 t] O 1 ADULT 0.125 PEEDATOR
1359  ARABCANIDA ARANEAE HAHNIIDAE 2 2 1.2 2 Q i 0 0 ADULY 0.325 PREDATOR
1152  ARACHNIDA ARANERE HAHNITDAR 2 & 1.2 2 0 0 3 { AaDULT 0.125 PRED&ATOR
1153  ARACHNMIDA ARANEAZ HAENIIDAE L) 4 .2 2 0 O 1 0 ADULT 0.125 PREDATCR
1358 ARACHEIDA ARANERZ RABNIIDAE 4 1 1.6 2 0 0 i ¢ ADULT 3.125 PREDATOR
1165 ARATHNIDA ARANBAZE LYITUSIDAE 1 2 1.2 1 Q 9 3 ¢ ADULT 0.120 PREDATOR
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ARACHNID ARANEAE LYCOSIDRE 3 % 0.4 H 2 0 % O BDULT O.12% PREDATOR
ARACHEHIDA ARANERE LYCUSIDAE 3 2 i.2 i ¥ G 4] 9 ADULT $.%2C FBEDATOR
ARACHHMIDA ARANEARF LYCOSIDAE i 2 2.0 2 ¢} ¢ g t ADULT §.120 EREDATOR
ARRCHRIDA ARANEAR QOROFIDAE g ] .2 % H ¢} Y ¢  ADULT 0,160 FREDATCE
ARACHNIDA ARRNERB AGELENIODR E 2 2 2.4 2 ] ¢ 1 1 BADULT 1.785 EBREDRTOK
RRACHKIDA ARKARERE DYSDERIDAE 1 2 2.0 A g ¢ ] i ADULY 3,335 PREDATOR
ARACHNIDA ARANEAR DYSDERIDAE z 3 1.8 2 i Q g 0  ADOLY 3.335 PREDAYTCE
ARACHNY DA BRANEAR DYSDERIDAE 3 4 0.8 2 1 |4 [ ¢ ABULY 3.33% PREDATOR
ARACHNIDR ARANEAE DYSDERIDAE 3 } 1.2 i G i 1 ¢ ADULT 3.33% PREDATOR
ARACHEIDE ARAWERE DYSDERIDR B g4 & 1.2 1 i 8] g ¢  ADULT 3.335 PFREDATCE
BARACHNIDA RRANERE OECOBIIDRE i 4 ¢.8 i G { 9 ¢ abgrr 0,360 PHREDATOR
ARACHNIDA ARANERE OECOBIIDAE 2 H t.2 | 0 [ G LI $11(3 %4 (3,380 PREDATOER
ARACHNIDS ARANERE OECOBILDAE 2 2 0.8 i Q G 3 O  ADUBLT .38 FPESDATOR
ARRC HNIDA ARAWERE SALTICIDAE i 1 1.2 2 o < Y ¥ ADULT 0.188 PREDATOR
ARRCHNIDR ARANEAE SRLTICIDAE 1 vo2V.6 Z 0 i €] G ADULT 0,138 PREDATOR
RRRCHNIDA ARANERE SALTICIDAE H 2 Q.4 1 G G i g  BADULT ©.188 PREDATOR
ARACHNIDR ARANERE SRLTICIDAE i 8 C.4 i % I & ¢ ADULT C.188 ©PREDATCE
ARRCHNIDA ARANERE SALTICIDRE 1 g 1.2 2 53 o H ¢ aDULY ¢.188 FREDATCR
ARACHNIDA ARANEAE SALTICIDAE 3 3 0.8 i i Q ¢ 0 ADBLT @.188 PREDRTOR
ERACHNIDA ARANPRE SALTICIDAE 3 i 1.2 i 1 0 ¢ 0 RDULT 0.188 PEEDATGE
ARMRCHNIDA ARANEAE SALTICIDAE 3 2 0.4 2 Y ¢ ] ¢ ADULY 0.188 PREDATOR
ARRCHNIDR RRBNELE SALTICIDAR 3 4 [ i Q 4] 1 ¢ ADBLY {.188 PREDRATOR
ARRCHNIDA ARENERE SELTICIDAR 3 4 0.8 2 4 0 § ¢ ADULT G.188 FPREDATCH
ARACHNIDA ARANERE SALTICIDAER ] 2 G.4 2 ¢ [t} 1 1 ADULY €.Y88 PREDRTOK
ARACHNIDA LRAREAE SALTICIDAE 4 2 6.8 2 G [y i ¢ ARULT 0. 188 EREDATQE
ARACHNYDA ARANERE SALTICIDAE 4 LR -1 3 8] 2 1 ¢ ADULY ¢.188 PREDATCE
ARACHNIDA ARANERE SALTICIDAE & g 0.8 2 ¢ 4 0 1 abULT 0.188 PREDATOR
ARACHNI DR ARANEAR SRLTICIDAE ] 8 .2 2 0 i ] ¢ ADULT 4,188 PREDATCR
ARACHNIDA ARANEAE THOBISIDAE 1 1 Q.8 2 ¢ 9 0 i ADOLY ¢.¥20 DPREDRTOR
ARACHNIDA ARANERE THORISIDAE 1 to21.0 % 41 Iy 1 0 ADHLY 5.12¢ PREDRTOR
ARACHNIDA ARARERE THOMISIDAE 1 1 21.0 4 Y Iy Y Y ADULY 0.320 FEFEEDBYOE
ARBCHNIDA ARANEAE THORISIDAE 1 2 2.3 2 1 3 Q 3 ADULT $,120 PREDATOR
ARRCBHIDS ARANERE THOAISIDAE § g 0.8 < 2 i G G  ADyLY 0.12¢ PREDAYCR
ARACHNIDR AHANERE THOKISIDAE 1 E .2 1 3 ¢ O 0 ADULT 0.12¢ FREDATOR
ARRCHNIDR ARRNEAE THOXISIDRE 2 t 21.0 2 o G 5 1 RDULT 0.12C BREDATOE
ARBRTHNIDR ARANERE THOBISIDAE 2 ] ¢.8 i } G ¢} 4 AbgLyY 4.%120 PREDATCEH
ARRCHNIDA ARARERE THOMISIDAE 3 1 1.2 2 % 3 2 ¢  RDULT G.128 PREDRTOR
BRACHMIDR ARANERE THOMISIDAR 3 ¥ 21,0 H G ¢ ¢ P ARULT 0.120 PBEDATOR
ARACHNIDR ARANEAR THORISIDAR 3 2 1.2 1 G ¢ ¢ t  ADULT 0.12¢ FREDATOER
ARRCHNIDA ARLNEAE THORISIDAE 3 2 2.0 1 Y 2 Q ¢ ADULY $.12¢ PREDATOR
BRRCHNYDA ARRNERE THO®ISIDAE 3 I 21.0 ¥ Q ¢ 0 1 ADULT 3.120 PREDATCH
ARACHNIDA ARANERE THOMISIDAE 4 1 2%.0 2 G [y 1 ¢ BDBLY 6.120 PREZDATOR
BRACHNIDZ ARARERE THOMISIDAE 4 2 0.4 2 ¢ u Q { aDuLY G.120 PHEEDATOR
BRACHNIDA ARANELRE THOMISIDAE g 2 1.2 i ¢ i 4 ¢ aApuwLy 0.123 PREDATOR
ARACHNIDR ARANEAE THOBISIDRE 4 2 .2 < ¥ o o 9 ADULT 5,120 PREDRTOR
ARRCHNIDK ARRNERE THOXISIDRE & G 0.8 2 0 i ¢ 0 abpyLr 0.12¢ PREDATCE
ARACHNIDR REANERE THOKISIDAR 4 34 6.8 2 [ % 3 §  ADYLT §.12¢ FREDATCE
ARRCHNIDR ARARERE CLUBICKIDAE 1 1 0.8 1 ¢ 0 2 G aBYLY 0.99% FREDATOR
ARACHNIDA ARARERE CLUBICRIDAE H H 6.8 2 G g 2 ¢ ADOLT G.395 PREDBTCR
ARACHNIDA ARANERE CLUBIONIDAE )] 1 2%.8 2 A & 4 ¢ ADULT %.995 PREDRTOR
ARACHRIDR RRAKEAE CLUBIONIDAE i 2 2.0 1 a 1 g O  RDULT G.89S PREDATOR
ARRCHNIDR LRANEAE CLUSIONIDAE i 2 2.0 2 Q 1 0 i RDBULT 0,395 PREDATCR
RRBTHNIDRA ARRMEAE CLUBIONIDAE % 4 0.8 2 1 O ¢ ¥ ADULT 0.995 PREDAIOR
ARARCHNIDR ARRNEAE CLUBICNIDAE 1 L} 1.2 i [ i 2 0  ADULT 4,395 FEREDATOR
ARACHNIDA ARAHERE CLUBIONIDAR 2 2 0.8 1 0 o G 2 BDULT $.395 PREDRTCR
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121%  ARACHNIDA ARANEXE CLUBIONIDAE 2 2 2.0 2 0 1 ¢ 4 ADULT .995 PREDATOR
1212 ARACHNIDA ARAMEAZ CLUBYCHIDAE 3 i 9.8 H 1 0 0 0 ADULT .995 PREDATUR
1213 ARACHWIDA 4RAMEAE CLUBIOHIDAE 3 { §.6 3 1 0 9 0 AapuULT .995 PREDATOR
§2%4 ARACHNIDA ARANEARE CLUBIONIDAE 3 4 1.2 3 9 3 4] 0 ADULTY .995 PREDATIR
1215 ARACHRIDA ARANEAE CHEAPHOSIDAE 3 i 0.4 2 i 9 0 9 ApOLw .333 EREDATOR
1216 aRATHEIDA ARANEAE CHEPHOSIDAE i 1 0.8 i 0 G 3 9 aDULY L4433  PREDATOR
1247 ARACTHRIDA ARANEME GHAPHOSITAE § ] 0.8 2 0 0 3 0 ADOULT LU53 PREDATOR
1233  ARACUWIDA ARAMWEAS GHAPHOSIDAE s 3 1.2 1 1 0 i 0 ADULT ,433 PRZDATOR
1219 ARACHNIDA ARANEAR GNAPHOSIDAE % i 21.9 H 0 0 J 1 ADULT . 433 PREDATOR
$220 ARACH¥IDA ARAVEAR GHAPHOSIDAE 3 2 2.0 3 ] 0 V] t  ADULT .433 PREDATOE
§227  ARACHNIDA ARANEAR GHAPHOSIDAE 1 2 2.0 2 [¢] 0 1 & ADULT .%433  PREDATOR
1222 ARACHNIDA AHANEAE GHAPEOSIDAE 1 4 1.2 2 0 0 1 O  ADULT . 433 PREDATOR
1223 ARACHHIDA ARANEAE GNAPHOSIDAE 2 3 0.0 g 0 0 0 3 ADULT .433 PREDATCH
1224 ARACHNIDA ARANERE GNAPHOSIDAE 2 1 ) 2 2 0 O 0 ADULY .433 PREDATGE
1225 ARACHYIDA ARANEAE G¥APHOSIDAZ 2 2 1.2 1 Q €] 0 . ADULT . 433 PREDATOR
1226 ARACHNIDA ARAWEAE GRAPHOSIDAR 2 2 .2 2 0 3 0 i ADULT .433 PREDATOR
1227 ARACHWIDA ARANEAE GV¥APHOSIDAE 2 2 2.0 2 ] H 0 9 &DULT LH33  PREDATOR
1226 ARACHWIDA ARANEAE GHAPHCSIDAE 2 & 0.4 2 0 0 2 0 ADULT 433 PREDATOR
1229 ARACHNIDS ARARNEAY GNAPHOSIDAE 3 3 0.8 § i 0 Q 0 ADULT L4333 PEEDATOR
1230 ARACHNIDA ARAMEAE GHAPHOSIDRE 3 1 1.6 ] i 1 0 O ADUL?T .433 PREDATOR
1237 RRACHNIDA ARANEAE GURPHOSIDAZ 3 1 1.6 2 2 Q 0 % ADYLT .433 PREDATOER
1232 ARACHNIDA ARANERE GHAPHOSIDAZ 3 i 21.0 i 0 9 1 1 ADULT . 433 PREDATOR
1233 ARACHHIDA ARANZAKE GUAPHOSIDAE 3 1o21.9 2 9 0 [} i ADULY .433 PREDATOR
1234 ARACHWIDA ARAHEAE GHAPHOSIDAE 3 2 0.8 2 3 9 0 o ADYLT .433 PREDATOR
1235 ARACHNIDA ARANEAE GHAPHOSIDAS 3 2 1.2 3 [¢] Q 3 ¢ 4DULT .433 PREDATOR
1236 ARACHIINDA ARANEALS GHAPHOSIDAE 3 2 2.0 1 0 0 1 9 ADULT .533 PREDATOR
1237 ARACHYIDA ARANERZ GHADPHOSIDAZ 3 2 2.9 2 1 0 0 O ADULT .433 PXEDATOR
1236 ARACHHIDA ARANEAZ GUAPHOSIDAE 3 ] 0.8 1 i g 0 3 ADULT .433 PREDATOR
123%  ARACHNHIDA ARANEAE GHAPHOSIDAE L 3 0.t 1 1 2 0 0 AapyLy .433 PREDATOR
1260 ARACHNIDA ARAYEARE GHAPHOSX DA Y 4 1 0.4 2 t < 9 9 ADULY .433 PREDATON
J24%  RARACHNIDA ABAWERE SHAPROSIDAY 4 i i.6 2 0 1 Q Q0 ADULT .433 PREDATOR
1242  ARACHRIDA ARAVEBAE GHRADPHOSIDAE o T 21.0 2 1 0 % 0  ADULT .433 PREDATOR
§263 ARACENIDA ARANEAY® GHAPHOSIDAER 4 2 2.0 2 ] 0 1 1 ADULT 433 PREDATIOR
1246 ARACBEIDA ARANEAE GHNAPHOSIDAE ) & 0.8 2 0 Q 0 T ADULY .433 PREDATOR
265  ARACHHIDA ARANEAE GHAPHOSIDAE L 4 1.2 3 H g 0 0 aDTLY .33 PREDATCE
9246 ARNCHYIDA ARNMEAE GEAPHOSIDAE L 4 1.2 2 1 0 a O ADULT .4533 PREDATOH
1247 ARACHHIDA ARARHEAE AHYPHREIIDAE E Y2340 2 9 0 i 4 ADULT .200 PEEDATCR
§24%  ARACHAIDA ARAUZAE LINYPHYIIHAE 3 3 12 3 ] "] 0 i ADULT L 280 PREDATOR
124%  ARACHHIDA ARANEAE LINYPHYIIWAR 1 | 1.2 2 Q i 1 0 ADULT L2860 PREDATOR
1250 ARACHEIDA ARANEAE LINYPHYIINAE 1 1 1.6 2 0 i 0 0  ADULY 280 PRIDATOR
1259 ARACHMIDA ARANEAE LIBYPHYIINAE 1 12%.0 § 0 Q 1 0 ADULT .280 PREDATOR
1252 ARACHHIDA ARAVERE LINYPHYIIHASR H §21.90 2 o 1 4] 0 ADELY .280 PREDATOR
1253  ARACHEIDA ARLRHUBAE LINYPHYITINARE i 2 0.% t 4 Q 3 i ADOLY .280 PREDATOR
1256 ARACHEWIDA ARANEAE LINYPHYITHAE 4 2 [ ) 2 1 0 0 ¥ ADYLT .250 PEEDATOR
1255 ARACHNIDA ARAWEAZ LISYPRYTILALE 3 2 1.2 2 0 0 0 §  ADUBLT .280 PREDATOR
3256 ARACHNID:A ARAMEA L PEYILBAER N 2 2.9 1 9 3 1 2 ADULT .280 PHEDATOR
3257 ARACHHIDA ARANSAE PHYILNAE E 4 2.7 2 Q 2 2 J ADLLY .28C PREDATOR
1258  ARACHEIDA ARAREAE HYPHYTIBAE 4 b 0.4 2 It 1 0 ¢ ADBLY . z80 PREDATOR
1259 ARACHEIDA ARAMEAE LIHYPHIIXWAE 2 i 1.6 i 0 9 9 1 aDULT .280 PpREDATOR
1260 ARACHNID: ARANEAE LIAYPRIYINAE 2 2 .4 2 9 0 1 0 apuLT .280 PREDAYTOR
1261 ARACHMNIDA ARANERE LINYPRYITHAR 3 i 0.9 2 9 0 1 0 ADULT .280 PREDATOR
1262 ARACHMIDA ARAWEAR LIMYPHYII WA 3 1 0.8 3 0 G 0 o ADYLT .280 P288DATOR
1263 ARACHKIDA ARANWEAD LINYPHYII®AE 3 1 1.2 b 0 ¢ ¥ 9 ADULTY L2600 PREDATOR
264  ARACHNXDA ARANEAE LINTPEITINAE 3 H 1.2 2 2 G 0 J ADULT . 280 PREDATOR
1265  ARACHNIDA ARANELE LIRYPHYITINAE 3 i 1.6 i i 0 Q 4 ADULT .280 PREDATCR
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1266 ARACHHIDA ARAHERE LIKYPHYIIHAE 3 § 1.8 2 i Q 4] 0 RADULY 280 PREDATOR
1267 ARRCHRIDR ARBNEAE LIKYPHYITRAE 3 21,0 2 1 9 g 4 ADULY . 280 PHEDATOR
1258 ARRCHKIDA ARRNERE LIBYPHYIIRAE 3 2 .4 i 0 % g 0  ADULZ .280 PREDATOH
1269 ARRCHNIDA RARANERE LINEPHYIIRRE 3 2 Oub 2 § Q 2 0 ADULY L2860 SREDRTOR
127C RRACHNIDR AEANERE LIBYPHYIINAE 3 2 1.2 1 i 2 ¢ 1 &DULT » 248G PREDRTOR
1271 BRRACHNIDR RRANERE LINTPRYITHRE 3 é 2.0 i i } G 0  ADBULT . 280 FREDATOR
1272 RRACHKIDR ARANELE LIRYPRYIIRAE 3 4 .4 i i ] 0 G RDULT . 280 PREDATOR
1273 ERRACHNIDA ARANEAE LINYPHYIINAE 3 4 5.8 1 H 0 4] ¢ ADULT .+ 280 FREDATOR
1274 ARACHNWIDA ARAMEARE LIBYPHYIIRAE 3 4 1.2 ¥ 0 [ G t ADULT . 280 PREDATOR
1275 ARACHNIDA RRAREAE LIBYPHYIINAE 4 i 0.% 1 3 0 Q ¢ ADULT -280 PREIDAIOR
1276 ARACHNIDA ARRNERE LINYPRYITRAE 3 % 0.8 2 i G 0 ¢  ADULT .280 PREDAIOR
1277  ARBRUHRIDA LRANERE LIRYBHIIINAR & 1 1.2 1 1 G Q 1 ADULY .28C PREDATOR
12786 ARACHNIDA ARANERE LINYFRYIINAE ] i 2t1.¢ 2 % Q G ¢ ADULT . 2840 PREDARIOR
$279  AKACHNIDA ARRNERE LINYPHYIINAE & 2 1.2 i 2 4 Q 0 ADULT . 380 PREDRTOR
1280 ARACHNIDR “RARABERE LINYPHYIINARE g 2 1.2 2 2 0 G ¢ ABULT . 280 PREDATOR
$28%  ARACHWIDR ARANERE LIBYPHYIINAE & 2 2.0 1 0 G G Y ADULY . 280 PREDAICHR
1282 ARACHWIDA ARANEAE LIRYPHYIINAE 4 2 2.0 2 2 <] 2 1 BDULT .280 PHEDRIOR
1283 ARACHNIDR ARANELE LINYPHYIINAR 4 & ¢.8 2 ] ¢ ¥ O ADULT . 280 PREDATOR
{284  ARACHNIDR KBARERE BICRYPHANTIMNAE t 1 0.5 2 o 1 g 0 ADOLY . 137  PREDATCE
1285 ARACHNIDRZ ARAREAE MICRYPHANTINAE % H ¢.8 1 4 ¢ 1 ¢ aDULT . 137 PREDATOR
1286 AKRRACHNIDA ARERHERE BRICRYPHANTINAE t 1 $.8 2 ¢ ¢ 3 0 ABULT . 137 PREDAICR
1287 ARACHNIDA ARANERE MICRYPHANTIRAE 1 1 1.2 1 7 ¢ g 0 ADULT .37 PBREDRTGR
1288 ARRACHRIDR ARANRAE MICRYPHANTIHAE 1 H 1.2 2 Q g 1 1 ADGLY Y37 PREDAIOR
1283  RRACHNIDA ARANERE BICRYPHANTIHAE 1 i 1.8 2 G 2 1 $  ADOULT . 137 PREDATOR
$290 RRACHRIDA ARANEAE MICRYPHANTINAE H 1 21,0 2 3 0 G 0 RDOLY . 137 PREDATOR
1291 RRACHNION RARAREAR RICRYPHANTIRRE 1 2 ¢.8 1 4 @ 0 2 ADBLY 137 PREDAIOR —
1292 2RPACHNIDA BRAREAE RICEYPHANTIHAE % 2 0.8 2 1 Q Y ¢  ADYLY 337 PEEDATOR ~a
1293 ARACHWIDA ARANERE BICBYPHANTIHAR 1 2 t.2 1 ¢ G 4] 2  ADULT . 137 PREDRIOR (62
1294% ARACHWID:A ARRNERE BICRYPHANTINAE i 2 1.2 2 1 G Q 4 ADULY . 137 FPHEDRIOR
1295 ARACHNIDA ARANEAE BRICRYPHANTINRE % 2 2.0 2 2 H G LU V1311 & . 137 PHEDRICH
Y2956 ABRMACHRIDA ARRWERE MICRYPHANTIUAE 1 4 2.4 2 s ] ¢ ¢ ADELT - 137 PREDAIOK
t2%7 ARACHNID: ARANERE HMICRYPHANTIMAE % & 5.8 2 i 9 0 Z ADQLY . 137  PREDATLE
1298 ARACHMIDA ARAWERE HICRYPHANTIMRE T 4 1.2 2 2 1 1 ¢ ADBLT 137 PREDRATOR
1299 ARACHNIDR BRARERAE MICRYPHANTIMAE 2 1 0.8 f i Q ] 4 ADULY . 137 PHEDATOR
130G ARACHNIDSE ARABERE BICRYPHAWTINMAE 2 3 0.8 2 9 Q g 1 ADULT . 137 PEEDRTOXR
1301 ARACBNIDR ABRNNERAE RICRYPHANIIRAR 2 1 1.2 1 1 H [ ¢ ADULY . 137 PREDRICK
8302 ARACRRIDE ARRNERE AICRYPRANTINARE 2 t 1.2 2 g i % G RDULY . ¥37 TPERDAIOE
1363 RRBCRYIDR ABRHERE MICRYPRANTINRE 2 1 1.8 2 ¢ 4] 3 £ ROHLT 137  PEECATORZ
1306 BRACHNIDA AHRRNEAR HICRYPHANTINRE 2 to2%.0 3 3 & t @ ADULT . 137 PREDATOR
1305 AR MCHRIDR ARANERE RICRYPHANTINRE 2 Y 24 2 8 0 ¥ ¢ RDULT . 137 FPREDATCRE
13686 ARAUHRIDA ARANEAR BICRYPHANTINAE 2 2 G.e 2 0 ¢ 2 ¢ ADULY . 137 EREDRIOK
1307 ARRCHNIDA ARRAYWEAE RICRYPHANTINAER 2 Z G.8 t 3 G o 3 ADgLY .137 FPHEDRIOE
13068 ARMCHENIDR ARAKERE BICRYPHABTIRAE 2 2 0.8 2 i G ¢ 3 BDULT . 137  PREDATOS
13092 ARACHNIDY REANERE HICRYPHRNTIRAE 2 2 1.2 1 Q 0 ¥ g ADULT . 437 FREDATOR
1310 ARACHNIDX ARENERE HICRYPHARTINAY 2 2 t.2 2 i Iy 3 3 abgLt . 137 FRELLTCR
1313 ARBUHNIDR ARRRERE HICRYPHANTINAE 2 K 2.¢ { ¢ 0 1 9 apyLT . 137 EREDAYOR
£3¥2 ARBRCHNIDY ARANRRE KICRYPHRWTLIRAR 2 2 2.0 2 L) 5 H Z 8DULT - 137 PRED&TOR
1334 ARACHMNIDA RRANERE HICHYPHRRTINAR 2 4 0.4 2 i 0 2 ¢  ADULY . §37 PREDATCR
1314 ARACHNID: ARSMERE RICRYPHARTIRAE 2 % 0.8 3 o ¢ 4 ¢ RDULY . 137 PREDATOR
$315  ABACHBIDA ARAMERE RICHYPHANTYSAE 2 L) 3.8 2 El 7 3 G ADULT . 137 PREDAYOE
1316 BRACHNIDR ARAHERE $ICRYPHANTIRAE 2 4 1.2 i 0 1 4] ¢ ADTLT . 13?7 PREDRTOR
$3%7  ARACHRIDR RRANERE KICRYPHANTINAE 3 i G.4 1 9 G H 0 ADULY .$37 PREDAIOR
$318 ARAUHARID: ARANERE HICRYPHANTINAE 3 % G.o8 2 ¢ ] Q o ADULY . 137 PREDATGR
1319  LRRCHHIOK LRANERE HICBYPHANTINAE 2 L 0.4 2 0 0 { 0 abBLY 137 PREDRTIOCR
132¢  ARACHBIDA ARRANERE BICBYPHANTIRAE 3 t 0.8 1 3 o o t  RDOULT - 137 PREDATOR



985 CLASS CRDER FARILY Ssy¥ DIk DIST EKEOR EONE RTHO RTHREE RPOUR LIFESUSE HGHT TROPLEVL
$321 ARACRWIDA LSRANEZAE AICETPHANTIHAE 3 1 0.8 2 1 2 0 0  ADUGLT . 137 PREDATOR
$322  ARACHNIDA ARAWERE MICRYPHANTINAE 3 H 1.2 1 i 0 0 9 ADULT . 137 PREDATOR
1323 ARACHNIDA ARANERE MICRYPHANTINAE 3 1 te2 2 9 0 g 3 ADYLTY . 137 PREDATOR
1326  ARRCHNIDA ARANEAE BICRYPHAWTINAE 3 i .6 § 8 1 @ 0  ADULT . 137 PREDATOR
1325 ARACHNIDA ARANEAE KICRYPHANTINAZE 3 | §.6 2 0 3 0 0  ADULT . 137 PREDATOR
1326 ARACERIDA ARANEAE KICRYPHANTINAY 3 2 0.8 2 0 ¢ 0 1 ADULT .137 PREDATIOR
327 ARACTHRIDA ARANEAE RICRYPEANTINAZ 3 2 .2 1 0 Q 1 0 &DULT . 137 PREDATOR
1328 ARACRYIDA ARANEAE NICRYPHANTIHAE 3 2 2.0 2 0 0 0 7 ADULT .137 2REDAYOR
1329 ARACHNIDA ARANEAE MICRYPHAWTLUAE 3 3 0.4 2 0 3 0 0 ADULT . 137 PREDATOR
1330 ARACHNIDA ARRNERE MEICRYPHANYINAE 3 4 0.8 2 0 1 § P ADULT .137 PREDATOR
£331 ARACHNIDA ARANEAS MICRIDHAFTIBAE 3 4 1.2 1 Q 1 9 0  4DULT . 127 PREDAROR
1332 ARACHNIDA AXKANERE BICRYPHANTINAZ 3 4 1.2 2 1 O H 0 ADULT . 137 PREDAYOR
Y333 ARACHRIDA ARANEAE MICRYPHANTINAY b 1 0.4 i 0 0 0 4  ADULT .137 PREDATOR
1334 ARACHWIDA ARAHEAE MICEYPHANTINAE 4 i [V 2 1 0 0 0 ADULT . 137 PREDATOR
1335 ARACHNIDA ARANEAE ATCRYPHAUTIEAE 4 4 .2 2 Q 0 o] 1 ADELY .i37 PREDATOR
1335 ARACHNIDA ARANEAS 4TCRYPHANTIHAE 4 § 1.6 2 0 3 1 G ABULTY .137 PREDATOR
1337  ARKCHNIDA ARANEAS RICRYPHAHTINAE % i 2140 2 H 0 i 0 ADULY . 137 PREDATIOR
1338 ARACHNIDA ARANEAE K ICRIPHANTINAE ) 2 0.6 2 1 0 0 0 aDUL?T . 137 PREDATOR
1339 ARACHBIDA ARANZSAE KICRYPHANTINAE 4 2 2.0 2 0 3 3 0 aDiLT . 137 PRED2TOR
1360 ARRACHBIDA ARAWEAE MICRTPHANTINAL & 4 0.4 2 4 2 0 0 ADULY . 337 PREDATOR
13437 ARACRHIDA ARANERY MEICKYPHANTINAE 4 4 9.8 2 0 | i 4 RDULT .37 PREDATOR
1382  ARACHRIDS ARANERE NICRYDHANTINAE 4 5 f.2 1 i 0 ¢ 9 ADULY . 937 PREDATOR
$343 ARACHNIDA PHALANGIDA PHALANGIDIDAE i 2 2.9 2 1 0 0 0 HY®BPa L0468 DETRIZIV
1344  ARACHHEIDA PHALANGIDA PHALAWGIDIDAE 3 ) 0.4 2 ] ¢ 0 2 RYHPH .048 DETRITIV
1385 ARACHNIDA PHALANGIDA PHALANGIDIDAE 3 4 1.2 i 1 ] 0 0 RYMPH LOWE DETRITZY
13046  ARACHWIDA PHALANGIDA PRALANGIDIDAZ L 2 0.8 2 35 0 0 9 NYRKPd Q48 DETRITIV
1347 ARACHNIDA PSBUDOSCORPIONIDA JHKYHOY B 1 1 0.8 2 H i 3 2 ADULY .0u5 PREDATOR
1348 ARACHNIDA PSEUDOSCORPIONIDA UHKNOW W i { 1.2 2 9 4 2 3 RDULY L0885 PREDATOSR
1349 ARACHENITA PSTUDOSCORPIONIDA UNENOY N 3 3 1.6 2 3 5 & 5 aDyLT .045 PEEDATOR
4350 ARACHNTDA PSEUDOSCORPIONIDA UNENO# Y : s 2%.0 3 0 9 3 0 ADULT .05 PREDATOR
1351 ARACHNIDA PSEUDOSCORRIOHIDA UNKHO¥ ¥ 1 1 21.0 2 i 3 ¢ 8 aDULT .045 PREDATOR
$3%2  ARACH¥IDA PSEUDOSCORPIONIDA GHKHOWE 1 2 Ja3 ] 9 0 2 3 ADULY .065 PREDAIOR
1353 ARACHWIDA PSZUDOSCGRPIONIDA GHEHON B 1 2 Q.8 2 3 6 F ¢ apuLy <65 PREDATOR
356  ARACHWIDA PSEUDOSCORPIONTDA GEKROW ¥ 1 2 1.2 § 0 t 0 & ADULT 065 PREDATOR
1355 ARACKENIDA PSEUDCSCORPIONIDA JuKHOW Y i 2 T2 2 9 Z 2 4 ADYLT L045 PXEDATOR
1356 ARACHNMIDA PSEUDOSCORPIONIDA UNENOR Y i 2 2.0 1 0 0 2 2 ADULT .045 PREDATOH
1357 ARACHHIDA PSEUDOSCORPIONIDA UHKNO® i 2 2.0 2 5 2 8 6  ADULT .045 PREDATOR
1358 ARACHH¥IDA 2SEUDOSCORPIONIDA GHENOR Y 1 4 J.4 2 1 0 0 1 ADULT .{45 PREDATOR
$359 ARACHNI3A PSBUDOSCORPIONIDA UNKEOH N 1 4 0.8 2 9 0 ¢ 3 ADULY .05 PREDATOR
1360 ARACHHIDA PSEBUDOSCORPYONIDA TEKHOH ¥ | 4+ 1.2 2 0 1 3 i ADULY . 045 PREDAYTOR
1361 ARACHNIDA PSEUDCSCORPIONIDA UNKHCQW N 2 J 0.8 3 3 5 5 0 ADHULT . 045 PREDATOR
3 ARACHANIOA PSEUDOSCORPIONIDA U¥KEO% N 2 1 0.8 2 2 0 0 1 ADULT 545  PREDATOS
t3 Al PSEUDOSCORPIONIDA UHK¥O¥ B 2 1 1.2 3 4 0 0 O ADULT .545 PREDATCOR
B PSEYDOSCORPIONT DA UNKMO¥ ¥ 2 4 te2 2 4 5 [3 2 ADULIE . 045 PREDATOR
¥ 355 PSEUNOSCORPIORIDA GHRHOW 2 B ie9 1 0 0 G $ ADULY .05 PREDATOR
1366 ARACHWIDA PSEUDOSCORPICGKRIDA URKHOW & 2 i N 2 2 El 3 & ADULT .045 PREDATLOR
1357 ARACHNIOA PSEUDOSCORPIONIDA UHKHOd ¥ 2 i 21.0 1 2 Q 2 2 ADpoLY .0u5 PREDATOR
1354 wRACHNIDA PSEUDOSCORPIONIDA UHRHON M 2 121.0 2 9 H 2 1 ADULY .G45 PREDATCR
1369 AXACHNIDA PSEUDOSTORPIONIDA UNKAO¥ N 2 2 0.8 1 0 9 b 1 ADUOLY .0uS  PREDATOR
1379 ATACH®IDA PSEUDOSCORPIOXIDA HAKHON | 2 2 0.8 2 3 0 Q 0  ADULT L045  PREDATOR
137Y ARACHSIDA PSEUDOSCORPLONIDA GALIOHY 2 2 HW] 1 9 3 2 9 ADULT .05 PREDATOR
1372 ARACHE¥ID: PSEUDOSCORPIONIDA UNKNO4 B 2 2 1.2 2 3 } 7 6  ADULT .045 PREDATOR
3373 4RACHEMIDA PSEUDOSCORPIONILA UNK¥OA N 2 2 2.0 2 i i 5 Q9 ADULT .045 PREDATOR
13745 ARACHNIDAR PSEUDOSCORPIOWIDA UNENOS N 2 4 0.8 2 G 0 0 1 ADULT .C45 PREJATCR
375 ARACHRIDA PSRUDOSCORPIONIDA YEKNO¥ ¥ 2 4 0.8 2 } 0 0 t  ADULT .085 PREDAZOR
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APPENDIX C
Seasonal means of heavy metal content (Pb, Zn, Cu, Cd) ranked
according to results of Duncan's New Multiple Range Test. Means

folTowed by the same letter are not significantly different at the
5% level. '
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Seasonal means of heavy metal concentrations in 01 1itter collected March, 1974, and analyzed by
Duncan's New Multipie Range Test. Means followed by the same letter are not significantly different
at the 5% level {Duncan. 1957, Steel and Torrie, 1650,

by Concentration (ng/g) 7n Concentration {1g/g) cu Concentration (ug/g) ol Coﬁcentration (ng/g)
Site Maan Duncan Site Mean Duncan Site Mean Duncan Site  Mean Duncan
(k) {x 10%) (km)  (x 102%) (k) {x 10%) (km)

NW .4 83.3 A NE .4 21.3 A NE 7.2 31.% A .4 115.05 A

NE .4 487 AB NE 1.2 2% A NE .8 27.4 3 NE .4 88.5 A3

N .4 48.6 AB Nd .4 18.6 A3 NE L4 10.] C N .4 85.0 AB

W .4 39.8 BC N .4 18.5 AB N4 9.9 C ¥ .4 69.5 BC

NE 1.2 28.8 8] NE .8 1443 BC N4 9.1 C NE 1.2 45.3 C3

NE L8 251 CDE W4 1.5 o W4 4.6 D Nt .8 39.3  CDE

N .8 15.3 DEF N 8 7.1 DE N .8 2.5 DE N 3  31.3 BE

W o.6  11.9 DEF N 1.2 5.5 EF N 1.2 2.2 DE W .8 30.3 DE

N .8 10.9 £r W 8 4.4 EF W .8 1.7 E Mg .8 29.0 DE

Not.2 0 10.7 EF MW .8 5.3 EF Nk .8 1.6 £ N 1.2 27.3 CE

Nw 1.2 5.0 EF NW 1.2 4.3 EF M 1.2 1.2 E NW 1.2 20.8 DE

N 2.C 6.4 F N 2.0 3.0 EF N 2.0 1.2 E No2.0 16.7 OE

N 2.0 4.8 F Nw 2.0 2.3 EF NW 2.0 7.0 £ Wo1.2 3.3 DE

W 1.2 4.1 F Wot.2 2.2 EF W 1.2 9 E NW 2.0 2.5 DE
X 1.5 3.0 F W 1.6 1.9 £F W 1.6 .5 £ W 1.6 2.5 DE

.0 3.0 z
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Seasonal means of heavy metal concentrations in 02 Titter collected March, 1974, and analyzed by
Duncan’s New Multiple Range Test.

Pb Conceniration {.g/g) Zn Concentration {ug/g) Cu Concentration fug/q) Cd Concentration {ug/g)
Site Mean Duncan Site Mean Duncan Site Mean Duncan Stite  Mean Duncan
() {x 10%) (km}  (x 10%) (km)  (x 102) {km)
N .4 82.8 A NE 1.2 49.1 A NE 1.2 50.4 A N .4 125.8 A
N .4 68.3 AB NE .4 22.% B NE .8 31.5 B NE .4 115.8 AB
W .4 65.2 B NE .8 21.8 B NE .4 13.2 C N .8 111.7 AB
NE .4 64.9 B N 4 21.4 BC W .4 11.9 C NE 1.2 108.3 ABC
NE 1.2 4813 C N .4 18.2 BCO N .4 115 ¢d W .4 105.3 ABCD
N .8  36.5 Co W .4 156.8 D W .4 9.0 DE NW .4 104.3 ABCD -
N8 33.3 ch N .8 14.4 OE N .8 6.5 EF NE .8 77.5 BCDE -
NE .8 2B.6 Ot NW .8  10.5 EF NW .8 4.9 FG N .8 71.3 CDEF
NoOYT.2 R2.2 DEF N 1.2 5.8 EFG N 7.2 4.2 FGH N 1.2 869.0 DEF
Y 8 19.1 DEF W .8 7.4 FGH W .8 2.8 GHI W 8 48.3 EFG
MW 1.2 11,7 EFG NW 1.2 5.1 GHI NW 1.2 1.8 HI NW 1.2 35.8 FGH
W o1.2 8.7 FG N 2.0 3.9 HI N 2.0 1.5 HI ¥ 1.6 28.8 GH
N 2.0 8.6 FG W 1.8 3.8 HI W 1.2 1.4 HI Wo1.2 21.8 GH
W 1.5 7.1 FG W otl.2 3.7 R W 1.6 1.2 I N 2.0 20.7 GH
N 2.0 4.8 FG N 2.0 2.3 HI NW 2.0 .8 i N 2.0 14.3 3
W 21,1 3 G W20 1.2 I W 21.0 2 H W 21.0 2.7 H




Seasonal means of heavy metal concentrations in 01 Titter collected June, 1974, and analyzed by
Duncan's New Multiple Range Test. Means foliowed by the same letter are not statistically significant
at the 5% level {Duncan, 1951; Steel and Torrie, 19560).

Pt Concerntration {ug/g} In Concentration {ug/g) Cu Concentration {ug/g) Cd Concentration {ng/g)
Site Mean Duncan Site Mean Duncan Site Mean Dancan Site Mean Duncan
{km}  {x 10%) fkm)  {x 10%) L) {x 102} {km)

NW .4 73.3 A NE .4 23.8 A NE 1.2 29.0 A NE .4 115.9 A

NE .4 53.2 B N L4 20.9 AR NE .8 25.4 A N 4 100.6 AB

N4 51.4 ] N .4 186.8 BC N 4 327 3 Nd .4 89.3 A3

W .4 45.8 B8 NE 1.2 16.% BC NE .4 11.8 B W 4 75.7 B

ME 1.2 26.2 " NE .8 13.4 ¢ NW .4 8.9 C NE 1.2 39.6 C

NE .8 20.¢ CE w4 1.9 C W 4 5.3 D NW .8 32.8 g

N 8 19.3 {DE N .8 5.6 b W 8 3.4 DE No.8 32.8 i

Né .8 17.3 CDE N 1.2 5.6 D N 8 2.9 DEF NE .8 29.7 C

W 8 11.3 CDE N .8 5.5 D N 1.2 2.5 DEF W .8 27.0 C

N 1.¢ 1.3 COE W 8 4.6 3] Nk .8 2.5 £F N 1.2 22.7 g

MW 1.2 10.8 COE NK 1.2 4.0 g W 1.2 1.6 EF NW 1.2 21.8 C

Wo1.2 6.9 DE N 2.0 .3 D NW 1.2 1.6 EF W 1.2 15.7 C

N 2.0 5.8 DE W 1.2 3.3 D N 2.0 1.5 EF N 2.0 13.5 ¢

NW 2.9 3.2 oF MW 2.0 1.5 C W 1.6 7 EF Nk 2.0 7.9 c

W 1.5 2.9 DE W 1.6 1.4 o N¥ 2.C 5 EF W 1.8 7.7 ¢

W 21.0 1.0 E W 21.0 8 b W 21.0 3 F W 21.0 1.0 C
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Seasonal means of heavy metal concentrations in 01
Buncen's New Multiple Range Test.
at the 5% level {

Means followed by the same letter are not si
Duncan, 1951; Steel and Torrie, 1960)

Titter collected September, 197

4, and analyzed by
gnificantly different

Ph Concentration {ug/g)

Zn Concentration {ug/g)

Cu Concentration {ug/g)

Cd Concentration (ng/g)

Site Mean Duncan Site Mean Duncan Site Mean Duncan Site Mean Duncan
(em)  {x 10°%) (km)  (x 10%) {lm)  (x 10%) (km)
L S A NE 1.2 37.1 NE 1.2 42.7 A No.4 159.1 A
NE .4 740 A NE 30.3 B NE .8 39.3 B NE .4 150.1 A
N .4 69.0 A N .4 28.3 BC NE .4 9.6 c NE 1.2 79.1 B
W4 60.6 A NE .8 24.3 c N4 17.3 C NW .4 78.8 B
NE 1.2 234.3 B W .4 17.8 D N .4 8.8 D W4 72.2 B
NW .8 30.8 BC NW .4 15.5 D W4 8.7 D NE .8 71.3 B
NE .8 27.4 BCD NY .8 5.4 E N .8 4.8 E N .8 59.7 BC
N8 25.7 RCDE No.8 8.8 EF NW .8 4.5 E NW .8 59.4 BC
W o .8 18.6 BCDEF N 1 8.3 EFG Not.2 3.4 EF N 1.2 45.3  BCD
N ot.2 17.4 BCDEF N 2.0 7.2 EFG W 8 3.2 EF W 8 46.6  BCD
N 2.0 13.9 CDEF W .8 7.2 EFG N 2.0 2.6 EFG N 2.0 45.2  BLD
W 1.2 10.2 DEF W 1.2 4.0 FGH W1 1.8 EFG NW 2.0 25.9 LDE
NW 1.2 8.8 EF MW 1.2 4.0 FGH MW 1.2 1.3 FG NW 1.2 25.0 CDE
Nl 2.0 8.1 EF NW 2.0 3.6 FGH NW 2.0 1.3 FG W 1.2 22.1 COE
1.8 6.7 F oW 1.6 3.2 GH W 1.6 1.1 FG W 1.8 18.8 DE
W 21.4 .3 Foo®”21.0 .6 H W 21.0 .? G W 21.0 G. E

€€l



Seasonal means of heavy metal concentrations in 02 Titter ccllected dJure, 1974, and analyzed by
duncan's Mew Multiple Range Test.

ph Concentration (ug/9) Zn Concentration {ng/g) tu Concentration {ng/g} cd Concentration (pg/g)
Site Mean Suncan Site Mean Duncan Site Mean Juncan Site Mean CLuncan
tay  {x 106%) {km} {x 10%) (km) (% 10%) {m)

MW .4 B5.3 A NE .4 22.0 A NE 1.2 32.1 A NW L& 106.7 A
N4 59,2 B ME 3.2 19.7 AB NE .8 20.0 ) NE .4 99.7 A3

NE .4 409 3 AW L4 17.9 3C N LG 9.3 g N LG 75.8 ABC
W4 33.4 BC N4 12.56 co NE .4 9.0 C W .4 $3.6 BCD
NE 1.2 32.0 BC NE .8 11.9 OE Ny .4 8.9 " NE 1.2 46.5 CDE
ME .8 21.3 cDh W 4 9.2 DEF W 4 4.7 D ME .8 35.8 DEF
N .8 17.4 COE Nw o .8 7.2 EFG NW .8 5.9 D NW .8 35.8 DEF
N 1.2 14.6 DE N 1.2 7.2 £FG N 1.2 3.2 Dt N 1.2 35.% DEF
N .8 13.3 O NW 1.2 5.9 FGH NW 1.2 2.8 DEF NW 1.2 30.0 DEF
Md 1.2 13.0 Dt N .8 5.2 FGR N .8 2.3 DEF W .3 29.2 DEF
W 8 9.5 DE W 3 5.0 FGH W .8 1.5 DEF N 8 25.8 DEF
W 1.2 8.2 DE Wo1.2 3.9 GH Nw 2.0 V.G GEF Wol1.2 21.7 £F
MW 2.0 8.0 DE N 2.0 3.4 GH No2.0 1.4 DEF N 2.0 16.6 EF
& 2.0 5.3 Dt NW 2.0 3.3 GH W 1.2 1.2 DEF MW 2.0 15.4 EF
W1l.8 4.3 DE W 1.6 2.6 GH ¥ 1.6 8 EF W 1.5 4.5 EF
% 10.6 2 E W 21.3 .5 H W 0.4 F W 10,4 1.3 ¥
W 21.0 | £ W 16.3 5 o W 21.0 1 F W 16.3 6 F

<
.

W 16.3 D W 10.4 5 H W 16.3 . F W 21.0 0.4

vel




Seasonal means of heavy metal concentra

by Duncan's New Multipie Range Test.

tions in 02 Vitter collected Septamber,

1974, and anaiyzed

Pb Concentration {ug/q)

Zn Concentration (ug/g)

Cu Concentration {ug/g)

Cd Concentration (ug/q)

Site Mean Duncan Site Mean Duncan Site Mean Duncan Site Mean Buncan
{km) {x 10%) {km) {x 10%) {km)  {x 10%) (km)
NW .4 103.0 A NE 1.2 49,9 A NE 1.2  60.8 A NE .4 179.3 A
NE 4 91.5 AB NE .4 37.3 B NE .8 32.2 B NW .4 143.7 B
N4 76.2 BC N .4 26.7 c NE 4 21.0 C W4 1259 BC
W .4 70.5 C NE .8 21.2 D N .4 15,1 D K .4 117.6 BC
NE 1.2 54,2 ] N 4 205 D N L4 12,3 E NE 1.2 110.4 BC
N .8 39.0 DE W .4 19,6 D ¥ .4 10.2 E N .8 95.9 Co
NW .8 33.0 EF N .8 13.7 E N .8 7. F NE .8 73.8 DE =
NE .8 32.0 EFG N oT1.2 0 10.9 EF N .8 4.9 FG N 1.2 88,5 DEF 7
N 1.2 21.6 FGH  NW .8 9.4 EFG N 1.2 4.2 GH N .8 55,1 EFG
W8 17.7 FGHI W .8 7.0 FGH W .8 2.8 GHY W 1.2 44,7 EFS
NW 1.2 15.0 GHI NW 1.2 6.4 FGHI Nw 1.2 2.4 GHI W .8 42.9 EFG
W 1.2 1.9 HI N 2.0 5.8 GHIJ N 2.0 2.2 GHI N 2.0 34.¢0 FGH
N 2.0 11,1 HI W 2.0 5.2 GHIJ W 1.2 1.5 HI W 1.2 29.0 GH
NW 2.0 9.0 HI W 1.2 4.2 HIJ  NW 2.0 1.5 HI Né 2.0 24.3 GH
Wo1.6 7.4 HI W 2.0 3.7 HIJ W 1.6 1.3 HI W o1e 19.7 GH
W 10.4 2 I W16.2 1.5 I W0.4 .2 I W 21.0 2.2 H
W 16.3 I W 2ho 1.1 J W 16.3 A I W 16.3 2.3 H
W 21.0 A I W04 7 J W 21.0 1 I Wlo.4 1A H




Seasonal means of heavy metal concentrations in 01 iitter collected January, 1975, anc anaiyzed dy
Duncan's New Muitiple Range Test. Means followad by the same letter are not significantly different
at the 5% tevel {Duncan, 1951; Steel and Torrie, 1960).

Ph Concentration {(ug/g) In Concentration {uga/g) Cu Concentration {ug/g) Cc Concentration {ug/g)
Site Mean Duncan Site Mean Duncan Site Mean Buncan Site Mean  Duncan
femy { x 10%) (k) Ix 102} fem) (% 10%) {xm)

Wooo.4 0 33.2 A NE .4 17.2 A NE 7.2 13.5 A [T 300.3 A

NW .4 3C.1 A N L4 165.6 AB NE .8 11.5 A W N 165.5 B

NE .4 25.9 AB N4 13.3 AB NE .4 4.8 B NE .4 159.7 B

i 4 23.4 ABC NE 1.2 12.9 A3 W & 4.7 BC N 4 i53.0 3
N8 110 3CD Woo.4 1043 BC NW .4 4.5 BC N# .8 63.3 ¢
AW .8 11.0 BCD NOT.2 5.4 Cb N 4 4.3 BC N .8 55.0 Ch
NE 1.2 10.6 BCD N .8 5.3 ch N 1.2 2.4 8CD N 1.2 45.2 CDE
N 1.2 8.5 3CD NW .8 4.3 i N 3 1.9 BCD NE 1.2 34.5 COE
NE .8 5.0 BCS NE .8 4.3 D N .8 1.8 CD W .8 30.0 €Ot
W 8 5.5 CD N 2.0 3.3 D NO2.0 1.2 D NW 1.2 29.6 CBE
N 2.0 5.2 ch NW 1.2 2.5 D NW 2.0 9 ] ME .8 27.6 CDE
NW 1.2 4.5 b W g 2.3 g W8 9 D N 2.0 24.2 COE
Wo3.2 3.0 1] W 1.8 1.9 ) W 1.8 3 3] ] 2 21.4 Dz
W 1.6 2.5 D NW 2.8 1.8 D M OG.2 .8 D W 1.5 15.9 DE
MW 2.0 2.5 D W 1.2 §.7 D W 16.3 6 D NW 2.0 131 £
W6, 3 1.0 D W 16.3 1.0 D W 1.2 5 D W 16.3 5.7 E
W 10.4 / ) ¥ 10.4 7 9 W 16.4 5 3] W 0.4 4.7 £

9¢L



Seasnnal means of heavy metal concentrations in G2 litter collected January, 1975 and analyzed hy
Duncan's New Multiple Range Test.

Pb Concentration (Lg/9)

In Concentration {ug/g}

Cu Concentration (,g/g)

Cd Concentration (,9/9)

Site Mean Duncan Site Mean  Duncan Site Mean Duncan Site Mean  Duncan
{km) {x10°%) (km)  {x 10%) () {x 10%) {kn

¥ .4 85,0 A NE 1.2 34.8 NE 1.2 43.2 N .4 1540 A
Noo.4 B1.9 A NE .4 29.8 NE .8 34.4 B NW .4 148.9 A
M4 75.3 A N4 24.4 ¢ NE .4 17.4 " NE .4 144.9 A

NE .4 T70.6 A NE .8 21.5 3] N L4 16.7 c W4 1447 A

NE 1.2 41.7 B NW L4 21.4 ¢D Nd .4 13.2 D No.8 §2.3 B

N 8 36.9 BC W4 21.2 ch W .4 12.1 D NE 1.2 80.8 BC

NE .8 28.9 BCD N8 17.3 D N8 7.0 E NE .8 73.0 BCD
Nk .8 24.5 BCDE N2 9.8 E N 1.2 4.7 F N 1.2 62.2 BCOE
No1.2 0 20.2 CDEF W8 7.4 EF Md .8 3.7 FG N L8 49.4 CDEF
Woo.8 4.4 DEFG  NW 1.2 5.4 EFG ¥ .8 2.1 FGH NW 1.2 38.6 DEFG
N 1.2 11.9 DEFG W .8 4.9 EFG N 2.0 1.9 FGH W8 3z.1 EFG
No2.0 8.8 EFG N 2.0 4.9 EFG NW 1.2 1.8 FGH N 2.0 27.7 EFG
Wo1.2 6.5 FG NW 2.0 3.0 FG W 1.6 1.4 FGH Wo1.2 16.7 FG
Nd 2.0 5.8 & W 1.8 3.8 F& Wo1.2 1.1 FGH N 2.0 17.9 FG
Wo1.6 5.5 FG W 1.2 2.9 F& MW 2.0 1.0 FGH Wo1.6 16.8 FG
W 21.C 9 5 W 21.0 1.6 G W 21.0 .5 GH W o104 5.5 G
{ 16.3 9 G W 10.4 1.3 G W 10.4 .5 H W 21.8 5.4 ]
W 10.4 7 G ¥ 16.3 1.1 6 W 16.3 .3 H W 16,3 5.1 G

AN



APPENDIX D
Pooled, seasonal means of litter Pb, Zn, Cu and Cd content
(ug/g dry wt) as a function of distance from the smelter.
Values for the NE transect were excluded from computfation
(X +1 S.E., n=12).
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