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PREFACE

In 1976, at Uppsala, Sweden while attending the VIth Colloquium, I
extended an official fnvitation from the State University of Naw York
College of Environmental Science and Forestry (SUNY CESF) to commence
the VIIth International Colloquium on Soil Zoology on our campus. This
invitation was graciously accepted.

Organizational plans were quickly underway for the meeting to be
held in Syracuse in 1979. From July 29 through August 3 of that year,
135 people, interested in various facets of soil blology, met in a
very scholarly and congenial atmosphere. Twenty-seven countries from
around the world were represented with representatives from five
Canadian Provinces and nineteen states from the US on hand.

Being able to organize and take part in such a prestigious con-
ference on our campus has been one of the highlights of my career. And
the nterest, cooperation and eager participation by all attendees
helped make the colloquium so successful.

O0f course, one of the main values of such an international meeting
is the timely production of the published praceedings. Through the co-
operation of the Office of Pesticides and Toxic Substances of the USEPA
this objective was realized.

As editor of these proceedings, I compiled and organized the oapers
in a subject-related manner. Most of my editorializing was of a
mechanical nature. A proceedings should be as accurate a reflection of
the papers presented as possible. Therefore, no papers were deleted
even though some readers may feel the manuscripts lack quality. Each
pvaper as part of the conference helped to develop the character of the
total meeting and was, for this reason, included.

A11 particirants were initially given ¢ format to follow in pre-
paration of their papers. In general, most followed these directions
very closely for which I am appreciative. Abstracts were optional so
they may or may not be present.

1t has been a pleasure dealing with all the participants.

Daniel L. Dindal
Syracuse, NY
May 1, 1980
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OFFICIAL WELCOME

Donald F. Behrend

Vice President of Program Affairs
SUNY CESF, USA

Good morning and welcome to the Seventh Internatfonal Soil
Zoolagy Colloquium. Both Chancellor Wharton and President Palmer join
me in welcoming you to the State University of New York College of
Envirommental Science and Forestry.

¥e are pleased and honored that you have chosen to meet here to
pursue the theme of so0il biolugy as related to land use practices.
This theme, being followed by scientists from 30 nations around the
world, may be viewed as a microcosim of our entire College. Thus, in -
the CESF we are consciously striving to understand the basis for our
enviroment, how our enviromment causes impacts on us and how we cause
impacts or 1t; and, how we can modify our utilization of the resources
provided by our environment in order to maintain its diversity, stability,
and long term productivity.

Soil 1s, of course, one of the absolutely crucial elements of the
system we call our enviromment. As a practicing wildlife biologist, I
appreciated this many years ago; but in an extremely simplistic way.
Along with many others. I viewed soil as a relatively simple system of
physical and chemical constituents which supgorted plant 11fe which, in
turn, supported, efther directly or iadirectly, vertebrate animals, and
harbored some troublesome parasites. Now, thanks to your continuing in-
vestigations, a broad array of scientists, land managers, and policy
makers are fast becominy aware of the complex and fragile nature of the
s0il systems which are an integral part of the spaceship earth on which
we are all feliow jourreyers.

I am particularl, heartened %/ the broad scope of your delibera-~
tions this week as evidenced by the J sessions in your program. In
addition to basic so1l acology, a perussl of the program indicates that
areas from the arctic to the tropics ere covered, along with agricultural,
silvicultural, mining, and other specific land uses. Additionally, it
{s encouraging to see the critical areas of pesticides and human waste
disposal tncluded in the program. Another topic which needs increasing
attention is the impact of chemical contamination on soil communities
and the potential role of these communitfes in decontaminating soils.

It seems to me that tiie recent recognition of the broader and
more complex role of soil in supporting our environment has set the
stage for even greater strides in soil bieclogy. Envirommental quality,
agriculture, forestry, non-renewable resource extraction and associated
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land reclamation, energy production from biomass (including heat from

ggco:lpgsition). are some of the areas of study which tnmedfiately come
mind.

How rapidly you may make strides in these and other areas de-
pends to a large degree on your overall approach. I think it is
essential that the context you create, the perspective you project
be truly ecological 1n rature. This will permit you to communicate
more effectively with scientists from other disciplines and with
managers and policy makers. You should also strive tc make clear the
relatforships of basic research tc the future application of knowledge
to the problems of both today and tomorrow. Finmally, we must all sork
together to find timely and effective means to communicate the results
of your work to a broad array of audiences.

The program of the Seventh International Soil Zoology Colloquium
clearly indicates that you are well along the way toward these goals
and objectives. I hope that your efforts here this week will be
successful in moving you even farther and faster. And with the con-
tinuing attention of Dr. Dindal, Dean Yavorsky and my other College
colleagues, I am certain that your stay with us will be pleasant as
well as productive.

Again, thank you for honoring us with your visit; and, again,
welcome to the SUNY College of Envirommental Science and Forestry.
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INTERACTIONS BETWEEN AGRICULTURAL PRACTICE AND
EARTHWORMS

C. A. Edwards

Rothamsted Experimental Station
Yarpenden England

INTRODUCTION

There are earthworms in most agricultural soils in both
temperate and tropical regions, although the species may differ
in different parts of the world. The conversion of natural
forest or prairie into 8 regulariy cultivated system involves
considerable changes in the so0il as a habitat sc¢ that species
that can withstand repeated soil disturbence and a relatively
limited supply of ornanic matter, are favoured at the expense of
those that cannot.

Since the publication of Charles Darwin's book, ‘'The
Formation of Vagetable Mould Through the Action of Worms*® (1881),
there have been many reports that earthworms are important in
breaking down plant organic matter and incorporating it into soil,
forming soil aggregstes and improving soil structure, aeration end
crainage. There have also been reports that earthworms improve
mineral availability and general soil fertility {(Edwards and
Lofty, 1977, 1979). Nevertheless, there has been relatively little
discussion as to how thas is achieved nor how tha varinsus forms of
agricultural practice affect earthworm porulations anu, conversely,
how earthviorms influence the growth of crops. Work on these
subjects has been in progress at Rothamsted since 1961 und this
paper summarizes some of the main findings of this programme and
relates them to the requirements of modern agriculture.

METHODS

The field experiments in which the influence of agricultwural
practice on earthworm populations have been assessed, all involvec
small plots (ranging from five metres square to 30 m x 10 m) usually
replicated four times. The experimental cultivations, strawburning,
and applications of fertilizers and pesticides to these experiments
thave all followed normal agricultural practice and used recommended
doses and timing of treatments.

Earthworm populations were assessed on the basis of four
half metre square quadrats per plot (usually a total of 4 m2/
for four plots). On to each quadrat, 9.2 1 of water containing
50 ml1 formaldehyde were poured gradually from a watering can and
the earthworms coming to the surface of the quadral removed and
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stored in 5% formalin until they could be weighed and ident.fied
to species.

The effects of pesticides and fertilizers on sarthworms and,
in particular, uptake of chemicals into earthworm tissues have also
been assessed in laboratory box tests. These tests have involved
setting up cultures of ten earthworms (usually Lumbricus terrestris
L. or Allnlobophora caliginosa Savigny) in medium clay loam
sterilized soil, contained in boxes 25 cm square and 40 cm deep,
kept at 25% moisture content and 15°C (Edwards, 1979). To assess
the effects of fertilizers and pesticides, the chemicals were mixed
thoroughly into the soil before the worms were added; the boxes
were dismantled and mortality assessed at 1 - 2 wsekly intervals.

Some experiments have ir volved the inoculation of earthworms
into field sites to study their effects, and to do this the
earthworms were spread evenly over the surface of small plots and
covered with a large polythene sheet for 24 hours until they had
burrowed into the surface soil. There was virtually no :ateral
migration from these small plots and very good survival of the
worms.

RESULTS AND DISCUSSION

1. Effects of pesticides

The literature on effects of pesticides on earthworms has
already been reviewed thorough'.y (Davey, 1963; Edwards and
Thompson, 1973; Edwards and Lofty, 1977) and will not be con-
sidered here, except where results disagree with those obtained at
Rothamsted.

Pesticides can kill earthworms &nd can also accumulate in
worm tissues. Moreover, earthworms can move pesticides absorbed
in their tissues from the soil surface into deefer soil where most
of the pests live, thereby often increasing the effectiveness of
the pesticide. Som=z pesticides are degraded within the tissues of
earthworms; for instance, even the most stable pesticide, DDT
becomes degradea to DDE in earthworms (Edwards and Jefis, 1974). .

Fortunately, most pesticides do not kill earthworms at
normally recommenced doses, which makes it even more difficult to
have some assessment of the relative toxicity of cifferent pesti-
cides to them. f(he relative toxicity of a wide range of pesticides
to earthworms is summarised in Table 1 which is an overall assess-
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TABLE 1 ELATJVE TOXICITY QF PESTICIDES TO EARTHWORMS

Chemical

Chloropicrin
D-D

Methyl bromide
Metham sodium
Aldicarb
Dazomet
Thionazin
Methomyl
Chlordane

Endrin
Heptachlor
DT

Dieldrin
Aldrin

BHC (lindane)
Phorate

Parathion
Fonofos
Trichlorphon
fenitrothion
Tetrachlorvinpos
Disulfoton
Malathion
Menazon
Chlorfenvinphos
Carbaryl

Carbofuran
Benomyl

Thiophanate methyl
Carbendazim

Methirocarb

Simazine
Cyanazine
Chlorthiamid
DNOC
Benzoylpropethyl
Linuron

Monuron

Paraquat
Dalapon
Triallate

use

Nematicide
L 1]

Organochlorine
insecticide
1]
n
"
]
“”
n

Orga..ophosphate

insecticide
"

Carbamate
insecticide

Carbemate
fungicide
"

Carbamate
molluscicide

Herbicide
1]

Relative toxicity to

earthworms
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* o E N K Extremely toxic

* X % ® Moderately toxic

* o % Intermediately toxic
* Slightly toxic

* Very slightly toxic
] Non-toxic

ment based on both laboratory end field tests. Most nematicides
tend to be broad-spectrum biocides and are therefore to varying
degrees toxic to earthworms and, in particular, the fumigant
nematicides chioropicrin, D - D, methyl bromide and metham sodium
are vory toxic to worms. Of the organocnlorine in-ucticides,
only chlordane is very toxic to earthworms with endrin slightly
less so, but these pa~ticides are readily absorbed from soil into
earthworms' tissues, so that there can be as much as ten times
the concentration of the chemical in the tissues as in the
surrounding soil.

Organophosphate insecticides seem to be the least toxic
pesticides to earthworms, only phorate being very toxic with
parathion rather less so. Only small amounts of organophosphate
insecticides sre taken up into earthworm tissues. All of the
carbamate pesticides seem to be relatively toxic to earthworms.
Most herbicides are not directly to ic to earthworms (only the
triazines being slightly toxic) bwt herbicides have very consider-
able indirect effects on earthworms by changing the surface
vegetation which ultimately provides soil organic matter.

Earthworms are considered to be sufficiently important
test organisms for the British Pesticide Safety Precautions 3cheme
(linked to the registration scheme. to require pesticide firms to
provide earthworm toxicity data (Edwards, 1978).

2. Effects of fertilizers

Fertilizers, either orgenic or inorgenic, are applied to
most agricultural crops. In some long term experiments at
Rothamsted, the same fertilizers have been applied annually to
pluts of grass, root crops or wheat since the 1340's, in what are
termed the 'Classical experiments'. Fluctuations in the earthworm
populations in these plots and in other shorter term experiments have
demonstrated clearly how fertilizers affect numbers. In all
expeciments, populations increassed after application of dung or fish
meal and other organic fertilizers. The deep-burrowing species
Lumbricus terrestris increased, particularly. Balanced mineral
fertilizers containing N, P, K, ha and Ng have caused slight
ircreases but large doses of amronium nitrogen huve decreased earth-
worm numbers significantly probably because such treatment increases
soil acidity (Fig. 1). These conclusions have been supported by
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FIGURE 1. EFFECTS OF NITROGEN (AMMONIUM SULPHATE) ON EARTHWORM
POPULATIONS (N1 = 48 kg/ha, N2 = 96 kg/ha, N3 = kg/ha)

data from other workers (Edwards and Lofty, 1975b). Other nitro-
genous fertiiizers, particularly calcium nitrate ('nitro-chalk'j,
and the addition of lime to soil, favour the build-up of most
species of earthworms.

More recently, sewage sludge, sewage cake, animal slurries
and waste from breweries have been used as organic fertilizers and
our results have shown that although some of the raw forms may
kill a few earthworms they usually increase populations, evertually
quite considerably. Unfortunately, there can be some uptake of the
heavy metals Pb, Zn and Cd into earthworm tissues from the sewage
materials.

3. Effects of cultivations

Grassland tends to contain more earthworms than arable land,
but it is not certain whether this is due to regular disturbance of
the habitat by cultivation or to lower levels of soil organic
matter in ploughed fields. An experirent at Rothamsted investigated
the effects on earthworm populations of ploughing up old graesland
and using either the maximum or minimum additional cultivations
before reseesding to grass; the effects of doing this once were
campared with those of repesting the cultivations annually.

During the first two seasons, the overall earthworm populations



increased ir all the reseeded plots compared with the unculti-
vated ones but most of the increase was of the shallow-working
species; with repeated reseedinj, populations, particularly of
the deep-burrowing species, began to decrease. The conclusion
was that many species of earthworms could withstand repeated
cultivations but populations decreased as the organic matter
content of the soil fell.

Investigations into the impact of cultivations on earth-
worm populations have been given new impetus by the practice
known as ‘'direct drilling' in England and 'no-till' farming in
the U.S.A. This involves killing an existing crop with a hroad-
spect-um herbicide and reseeding diractly with a special drill
that drops the seed into a slot cut in the soil. This is becoming
more popular since 1973 because of considerable savings in energy
and labour and also because it minimizes soil erosion; in England
half a million hectares of crops are currently sown this way.
Investigations at Rothamstad on 24 field exreriments and in a
field survey have shown that populations of deep-burrowing species
such as L. terrestris and Allolobophora longa tend to build up
spectacularly with repeated direct drilling, although the effects
on numbers of shallow-working species are much less (Edwards, 1975;
Edwards and Lofty, 19758). Some of the changes in earthworm
populations in two long term experiments are summarised in Figure 2.

A. Boxworth

1760
-

. ' 0
B Headowﬁso '373

Percentage increase DD/Floughed
o
| .

0 S5th  6th  7th  Bth
year Yyear year year year

- Deep-burrowing spp. m Shallow-working spp.

FIGURE 2. RELATIVE CHANGES Iiv EARTHWORM POPULATIONS RESULTING
FROM DIRECT DRILLING
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Other experiments in both field and laboratory have shown
that earthworms are important in promoting the root growth of
direct drilled cereals by providing suitable tunnels and spaces
lined with available nutrients in the relatively compacted soil.
Moreover, since some earthworm burrows go deeper than tne plough
pan, rcots penstrate deeper than in plcughed soil.
Thus, it has been established that the greater the intensity

and frequency of cultivations generally the fewer earthworms are
present.

4. Strawburning

The practice of burning straw in cereal fields after harvest
is common in Fnqland, about 50% of all cereal straw being currently
disposed of in this way. The effects of strawburning on earthworm
populations has been investigated since 1974 at Rothamsted. In
one long-term experiment, the effects of chopping straw and spread-
ing it evenly over some plots were compared with dning the same and
burning the straw, baling and removing the straw, snd ieaving the
slruw in swathes over the rows and burning it. The burning or
removal of straw had little effect on earthworm populations in the
first year, a slight effect after the second treatment but, by the
third and fourth years, populations of the deep-burrowing
L. terrestris had decreased dramatically, and to a lesser extent
80 had those of the shallow-working A. caliginosa. By contrast,
burning favoured populations of Allolobophora chlorotica {Savigny)
(Figure 3) (Edwsrds and Lafty, 1579),

“Beove Beo bt:rw!. ecles mg_u_ﬁi_ha ﬁcﬂn =

Species err oh caliginosa | chiorotica

Teeament
Straw ,'

Straw i
bated

Straw

in rows

e,
and burmt [

F IS TEV SRS

FIGURE 2. THE EFFECTS OF STRAW DISPOSAL ON EARTHWORM PCPULATIONS
(after three successive years)
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There seems little doul.t that the ~ctual burning had little effect
on earthworms but that populations of those species dependent upon
the availabilicty of surface organic matter were soon at'fected.

5. Rotations

There is very li*tle evidence or the influence of rotations
un earthworm populations. However, the data that have been
accumulated at Rothamsted, indicate that earthworm populations tend
to build up under continuous ceresl cropping much more than in
three or four course rotations involving such crops as beans,
potatoes, 0il seed rape or fodder crops. This is presumably because
the cereal stubhle and roots, which constitute about 50% of the
total biomass of the cropplus any straw left on the field, add
greatly to the 30il organic matter upon which many species of earth-
worms depend.

6. The management of earthworm populations for maximum
agricultural benefit

The concznsus of evidence is that earthworms improve soail
structure, fertility, organic matter decomposition, aseraticn and
drainage. Their importance increases with the current tendency
towards minimal or zero cultivation. If this is accepted, there is
a strong case for a programme of earthworm management aimed at
encouragung practices which favour the build-up of earthworm pocpu-
lations and avoidance, as far as possible, of practices which are
harmful to them.

The various agricultural activiaties which influence earth-
worms are illustrated in Figure 4. Not all affect earthworm
populations equally. In order of importance, they are probably:
addition aof organic matter, minimal cultivation, strawburning,
continuous cereals, use of pesticides toxic to earthworms and use
of inorganic fertilizers. We have enough experimental data on most
of thc parameters in this model to te able to define the optional
agricultural practices necessary to encourage maximum earthworm
populations.
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FIGURE 4. MODEL FOR THE MANAGEMENT OF EARTHWORM POPULATIONS
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ACCUMULATION OF ORGANOPHOSPHORUS INSECTICIDES
IN EARTHWORMS AND REACTIONS OF EARTHWORMS AND
MICROORGANISMS TO THESE SUBSTANCES

*0. Atlavinyte, *"A. Lugauskas and ***G. Kilikevitius

*lustitute of Zoology and Parasitology
“®Inshitute of Botany
***Research Inshiiute of Forestry
Lithuaman SSR

INTRODUCTION

Aocording to Edwards, Lofty (1973), many authors
have investigated the effect of peaticides on earthworms
and the acocumulation of pesticides in the organism ct
earthworms. Many pesticides that get into the soil are
detrimental to earthworms. Flirst and Ronnenderg (1974)
mention gseveral pesticides that are being used against
rodents and ars pernicious to earthworms. Ruppel and
Laughlin (1977) analyzed what effect on the organism of
earthworms had the pesticides usually applied against ne-
matodes. These authors have observed that the pesticides
are less harmful to earthworms if those subatancea get
into the soil in the form of pellets and not in the form
of dust. The, 8lso established that organophosphorus pes-
ticides are less injurious than the ocarbomatic ones.

Organophosphorus inasecticides are used rather wide-
ly, but their effect on the useful fauna such as oarth-
worms As well as on the soil wicroorganisms 1is 1little
known.

The aim of our investigations was to elucidate the
effect of organophosphorus insacticides on the activity
nf earthworms, on their survival, the aocoumulation of or-
ganophosphorus insectioides in the organism of earth-
worms, the dengities of soil mioroorganisms and the spe-
cific composition of mioroscopic fungi.

METHODS

Investigations were carried out in 1977-1978; they
were performed in a field (200 m2) and in a wood (om 0.25
and 12 m2 plots) both unfertilized and fertiliged Dy
leaves and green lupine. Leavos and lupine were put in
nylon net sacks; inseoticides were inserted there too
mixed with the so0il. Some part ¢f the investigations was
performed in pota which contained 3 kg of soil and had
30 or 50 g of straw or 12 g of leaves and 15 or 20 earth-
worms (control vontainad no earthworms).

Investigations were dome with 3 repetitions. The
following inseotlcides were inveatigated: anthio, benzo-
phosphate (phosalone), phosphamide, ohlorophos, meta-
tione. (The doses of insecticides are indioated in Tab-

le 1).
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The following media were used for the cultivation

microorganisms: meat peptone agar (MPA), starch am-
monia agar (SAA) and beer mash agar (BMA). The number
of microorganisms per gvam of absolutely dry soil. The
amount of insecticides in the organism of earthworms
wa3 caloulated following the spontaneous removal of earth
from their intestine. Minced earthworms were treated by
acetone and analyzed by means of the chromatographioc de-
vice "Tsvet-5" with thermionic detector; the procedure
was repeated twiane.

RESULTS

l. The effect of oxganophosphorus insecticides
on the activity of earthworms and their survival.

Anthio, benzophosphate and chlorophos decreased
the survival of eartiworms in the pots by 33 to 46 per
oent as compared with the survival of earthworms with-
out insectioides. Straw mineraligation proceeded more
slowly when pots with earthworms contained also imsecti-
cides {with the exoeption of chloxophos).In ths variants
with inssocticides earthworm activity was also weuker and
earthworms had leas effect on the intemnsity of straw mi-~
neralization. In the variant with phophamide (5 wmg per
1l kg of soil) earthworms did not survive and straw mine-
raligution proceeded there more slowly by 32.8 per cent.
Harmfulness of anthio depended nn its amount in the soil.
Little doses of anthio (0.7 mg per 1 kg of s0i1l) did not
decrease the survival of earthworms (Table 1).

During experiments performed in the wood vhemicals
(vig. chlorophos 20 and 30 days from the insertion 1in
the s0i1l and benzophosphate 20 and 60 days from its in~-
sertion) had & delaying effeot on the earthworm migra-
tion to the corresponding organio substance.

2. The accumulation of organophosphorus inseoti-
¢ides in the organism of sarthworus.

At the beginning of the experiment metathione in
the 801l was 2.0 p.p.m., but following 20 days from the
beginning of the experiment we found in 1 kg of soil
0.2 mg of metathione residue-and almost the same amount
in the earthworms (in Eisenia rosea 0.2 p.p.m. and in
Allolobophora galiginosa 0.3 p.p.m. At the beginning of
the exgeriment benzophosphate in the soil was 15;150p.p.m.,
aftexr 65 days the residue of bengophosphate in the earth-
worms Lumbricus ribellus was found 4.8§ 2.7 2.9 p.p.m.
(the corresponding amount in the soil was 1.7; 8.2;

20.7 p.p.m.). Earthworms were investigated in the wood
where they oould freely immigrate and emigrate and
therefore tlLaeir life period in the experiment might de
differxrent.

We have found almost the same amoun®s of dimethoate,

14
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Table 1. EFFECT OF ORGANOPHOSPHORUS INSECTICIDES ON THE

ACTIVITY ARD SURVIVAL OF ALLOLOBOPHORA CALIGI~
NOSA (in the pots)

Unrotten straw (%)
Variants and the in variants Ear:gwofm
duration of expeximents su: )va-
with %
control earthworms
May-July 1976 (65 days)
‘¥ithout chemiocals 40.4 32.2 89.0
Phosphamide (5 p.p.m.) 73,2 71.4 -
Benzophosphate
(150 p.p.m.) 60.0 56.2 55.0
June~August 1977
(75 days)
Yithout chemioals 27.6 16.0 95.0
Benzophosphate
(150 p.p.m.) 30.3 21.0 48.0
Chlorophos (80 p.p.m.) 15.6 13.0 60.0
April-Septembexr 1978
(130 days)
¥Without chemicals 15.0 11.3 86.5
<hio (1.5 p.p.m.) 14.3 14.6 43.0
Anthio 12-0 P.p.lll.) 33.6 3600 -
Anthio (1.5 p.p.m.)
(155 days) 9.7 5.1 40.0
Wwithout chemicals
(155 days)X 75.0
Anthio (007 pop.m-)x 75.0
July-August 1978 (60 days)
Without chemioals 33.3 31.6 73.5
Anthio (200 p.p.m.) 34.0 32.3 42.0
August-September 1978
(30 days) )
w4 thout ohemioalnn 88.5
Anthio (200 p.p.m.) 45.0

x — fertiliged with leaves
xx - unfertiliged
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the metabolite of anthio, in the organism of Allolobopho- ’
za galiginosa as in the soil (0.4 p.p.m. and 1.7 p.p.m.
raespectively; and 0.4 p.p.m.; 0.6 p.p.m. in earthworms
and the same amounts in the soil). When digger amounts

of anthio were put in the soil (200 p.p.m.) we have
found 7.4 mg of this ohemiocal per 1 kg of soll and

5.8 mg 02 earthworms following 30 days and 3.2 mg per

1l kg of sol1l and 1.0 mg per kilogram of earthworms fol-
lowing 80 days from the beginning of the experiment.These
data give us sufficient ground to assume that depending
upon the time the amount of dimethoate, the metabolite of
anthio, both in the earthworms and in the soll is decreas-
ing. A slight amount of anthio was found in the s011(0.1;
0.3 p.p.m.g, in the organism of earthworms thexe were de-
tected only tracks. (Tadle 2).

Apart from this the acocumulation of insectiloides
in the organism of earthworms dces show that on the one
hand earthworus accelerate soil purification of these
harmful substances and on the other hand earthworms pro-
long the harmful effeot 0f pesticides when these Iinver-
tebrates are consumed by birds and othex animals.

3. The effect of earthworms and the insecticide
anthio on densities of microorganisms.

It is well established that eaxthworms act posi-
tiveliy on the dexelopment of mioroorgarisms in the soil
(Atlavinyté, lLugauskas, 1973; Atlavinytés, 1975; Brilsu—
wite, 19593 Ghilarov, 1963; Koglovskaja, 1969; VWent,
1963). In analyzing the present results of these inves-~ )
tigations one may oclearly ses that earthworms in this !
case too did stimulate the development of microorganisms. ’
In almost all the variants of our investigations wmicro-
organisms have considerably multiplied in the soil due to
the favourable role of earthworm aotivity. It has been '
noted that the densities of actinomycetes and miorosco-~ :
pic fungi increased when the inseoticide anthio was added
€0 separate variants of our experiment. It may be seen
more Obviously in the variants without earthworms. The '
effeot 0of anthioc on microorganisms partly depends on its
amount and the duration of its aotion. Earthworms have )
deoreased the effeot of anthio on microorganisms(Tabls 3). !

4., The ohange in specifio ocomposition of fungi
due 'to the efreot of earthworms and the inseoticide an-
thio.

The results of ouxr investigations have shown that
earthworms and the insectiocide anthio are powerful eco-
logical faotors that influence the change in specific com-
position of soil fungi. Owing to these faotors the suc-—
cession of microscopioc fungli in the solil takes place. Ge-
nerally the composition of miocroscopic fungi in the soil
is rather oonstant and changes but litt]e. Most often the
same species of fungil are found in all the samples of
80il of the same type. It is rarely that dominant spe-
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Table 2. RESIDUES OF ORGANOPHOSPHORUS INSECTICIDES AND THEIR ACCUMULATION IN THE ORGANISM
OF EARTHWORMS

1+ {1 31 3 3+t 3t 1+ ¥+ -+ + 1+t -+ + 1t 1+ ref¥r -ttt rtr1 it 141333t Jj i it 133+ r 31+ &+t it 4+t 141114
Amount of )
3::::00 Duration i:a::ti:;g;a Residues ofminsecticaues, The species of
Inseoticides ROl .  of expe- b su0 oty 817 1. L ear thworms
gation, Ti0OB¥3, iz of the 10 the in the
days axp;r;ments , soil earthworms
Pl
Metathion 200 20 2.0 0.2 0.2 Eisenia rosea
0.3 Allolobophora
caliginoga
Bengzophosphate 12 65 15.0 1.7 4.8 Lgmh%l%gg
rubelius
" 12 65 150.0 20.7 2.7 » "
" 0.25 65 150.0 8.2 2.9 " "
" in the pot 65 1700.0 5.6 " "
Anthio® " 65 140.0 1.7% 1.4% Allolobophora
% % caliginosa
: A DA -
" ) - ° " "
" " 80 200.0 g.%! 1.0% n "
. " "
" " 30 200.0 0.3 . n "
7.4% 5.8 " "

% - Dimethoate, the metabolite of anthio, found in the earthworms and the soil.

"n - not investigated;

t - track



Table 3. EFFECT OF EARTHWGRMS AND THE INSECTICIDE ANTHIO
ON THE DENSITIES OF MICROORGANISMS IN THE SOIL
UNFERTILIZED AND FERTILIZED BY STRAW AND LEAVES

(1978)

T Unrot- Demsitles of microorganisms
Xﬁf&:ﬁg; :g“ the tan (in thousands per 1 g of soil)

> straw
pxperiments (%) MPA SAA BMA
April-September
(130 days)

Control 15.0 134.8 427.0 67.4

20 earthworws 11.3 362.6 600.0 76.9

Contirol + 1.5 mg
of anthio per

1 kg of soil 14,3 172.4 780.0 298.8
20 earthworms «+

1.5 mg of

anthio per lkg

of soil 14.6 400.0 621.2 70.6

20 esarthworms +
0.7mg of anthio

per 1 kg of

soll (150 days) E 3 321.4 535.7 95.2
July-Septemnber
(60 days)

Control 33.2 800.0 124.0 119.6

15 earthworms 31.6 420.0 2043.0 150.5
Control + 200 mg

of anthio per

1l xg of 8011 34.0 472.5 1208.8 87.9
15 earthworms +

200 mg of anthio

pexr 1 kg of soil 32.3 1068.2 1931.8 125.0
15 earthworms +

200 mg of anthilo

per 1 kg of
soil (80 days) 31.3 1101.1 1180.0 78.7
August-Septembax
(30 aays)
20 earthworms N M 483.6 714 .3 142.9

20 earthworms +
200 mg of anthio
per 1 kg of
s0il x 160.0 750.0 18l.8

% - fexrtilized with leaves
% % -- unfertiliged
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cies of fungi would chnage in the soil. As we see fronm
Table 4, however, the specific composition of dominant
fungl did change very much owing to the effeot of earth-
worms and the insecticide anthio. Due to the above—men-
tioned reason the formerly formed assoclation of soil
fungi disintegrate, their funotional activity is impair-
ed and new favourable conditions appear for the intensive
development of other fungi species the activity of which
was earlier inhibited by the deveiopment of former domi-
nant species of fungi.

Table 4. EFFECT OF EARTHWORMS AND THE INSECTICIDE ANTHIO
ON THE DISTRIBUTION OF DOMINANT MICROSCOPIC
FUNGI IN UNFERTILIZED SOIL AND THE SOI1L FERTI®
LIZED WITH STRAW AND LEAVES (1978)

-+ttt 3+ 1+ 1 ¥+ i1 + 1t t i+ -t 331t i1t 5t 1 it 3 1111 1 3-r3+ 4+ 1+t + 333+ 1+t + 1+t
Variants and The num-
the duration ber of Dominant species

of experiments speciles

April-September

(130 days)
Control 20 Hormiaoctis candida v.HShnel
Xoremonium rossum (Oud.) W.Gams
Trichoderma hamatum (Bon.) Bain.
T.vIrIH Pers.ex S.F.0ray
Scopulariopsis fusca Zaoch
FenEcIIIIum subleteritium Biourge
¥. canescens Sopp -
F. Tarlikowskii Zal.
Hyocelia ster
20 earthworms 18 Mortieralla candelabrum v.Tiegh
et Lo Monnier
%; humilis Linnem.
. a Peyronel
Trichoderma hamatum (Bcn.) Bain
T, viride Pers. ex S.F.Gra
Xoremonium butyri (v.Beyma)W.Gams
PenioIIII ur urogenum Stoll
P. nigrioans !FEIE }"'
) u eum Zukal
P. mIceynskii Zal.
Fusarium redolens Wr.
!ioeIIa ster
Control + 1.5 mg 29 Penicillium lanosum Westl.
of anthio per P. capsulatum Haper et Fe nnell
1l kg of soil F. oEIawsEII Zaleski
Trichoderma viride Pers.ex
<Oray

_zgothecium verrucaria Pifmax

01ados orium hexrbarum Link ex Fx.
XIterneria alteérnata (Fr.) Keissl
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Table 4 (Ctd.)

i3 1 1 i1t i1t 1 1+ i i3+ 3+ 3t it i1t i3+t 1+ 3rtt i1t 3 t1i+tt2i3tritrtritttd
Variants and The num-
the duration ber of Dominant species

of experiments species

20 earthworms + 21
1.5 mg of anthio
per 1 kg of scil

20 earthworms + 17
0.7 mg of anthio

er 1 kg of soll

150 days) ~

July-September

(60 days)
Control 32
15 earthworxrms 22

005@0:3 lactis (Fres.) Sacc.

erticillium album (Preuss)
Pidopliczko
Mycelia sterilia

Mortierella vinacea Dixon-ﬁtequt
Peniclllium cyclopium Westl.
¥, gotlsws PP T skT

Oidiodendron tenuissimum (Peck)

ughes
Acremonium roseum (Oud.) W.Gams
Mucor plumbeus Bon.
celia saterllia
Paecilomyces iavanioum Brown ex
Smith
Aspergillus niger v.Tieghem
WortTexrella humilis Linnem.
Gonytriohum macroeladum (Sacc.)
Fuzhes

Penicilliur roseo—purpurogenum
eXrckx

P. capsulatum Raper et Fennell

PT';{SIewsE!I Zalaeski

Paecilomyces Javanicus Brown ex
Smith

Mycelia sterilia

Trichoderma viride Pers. ex
F.Gray

7. hamatun (Bon.) Bain.

YenIcIII{um restrictum Gilman et
' bbo —_—

P. godlewskil 7Zaleski

Syncephalastrum racemosum Conh

ex gcﬁraef.

Mortierella lignicola (Martin)
ams e oreau

Cephalosporium Sp.sp.

Humicola fuscoatra Traaen

GliocJadium album (Preuss) Petch

Papularia sphaero: Pers.
av? ax : sphaerosperma (Pers.)

Oldiodendron tenuissimum (Peck)
ughes

Mucor circinelloides v.Tliegh.
Xbsidia spinoaa lendn.

~ih
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Table 4 {Ctd.)
variants and The num-

the duration ber of
of experiments specles

Acremonium stxictum W.Gams ined.
Trichoderma Viride Pers. ox

. .Gray
Penicillium godlewskil Zaleski
P. 2}12 UXO0genud Stoll
2 &_E____.s__[“' T3sTosisum (Oud.)
¥P. canescens Sopp

P, Testrictum Gilman et Abbott

Dominant species

Control + 200 mg 19 Actinomucor corymbosus (Harz)

of anthlo per Naumov
1 kg of scil Mucoxr humilis Naumov

MSE?IhEEIIE'EIﬁina Peyronel

M. Iignicola (Martin) Gams et
MoreLu'“"

Trichoderma hamatum (Bon.) Bain

Penicillium restrictum Gilman et
guzp (s0pp)

P. purpurescens {3Sopp) Raperx.

¥. decumbens Thom

Cladosporum herbarum Link ex Fr.

15 earthworms + 30 Asgarggllus fumigatus Fres.
200 mg of anthilo zoguq oIigoSporus Saito
per 1 kg of soil enlo ium godlewskil Zaleski
P. cyaneum ( - et Sart) Biourge
EZ ecumbens Thom
ucor plumbeus Bon.
M. oircinelloides v.Tiegh.
Xczemonium roseum (Oud.) W.Gams

Wycella sterilia

15 earthworms «+ 16 Peniocillium godlewskii Zaleskl

200 mg of anthio P. texrestre Jensen
ex 1 kg of soil P. subleteritium Biurge
80 days) ' ¥, corylophillum Dierckx
. Sporotricum oJlivaceum Fr.
T¥rIchoderma aureoviride Rifai
Kycelia sterilia
August-Septembex
(30 days)

20 earthworms" 16 Nortisrella tolycephala Coem.
Sporotrichum o%ivaoéuﬁ'rr.
Peniclilium restrictum Gilman et
Abbott
P. deoumbens Thom

P. Javaniocum v. Beyma
Tephslosporum curtipes Saco.
Koremonium roseun lsua.) W.Gams

. v p—————

.




Table &4 (Ctd.)

R T T S T T T T I T N T S T R S T T S e R e N e s T s RS LT s
Variants and The num-
the daration bexr of Dominant species

of experiments species

lucor griseo-ochraceus Naumov
fiycelia sterilia

20 sarthworms + 19 Penicillium decunmbens Thom
200 mg of anthio P. piscarium Westl.
per 1 kg of soil P. sublateritium Biurge
* o~ P. sImplicissimum (Oud.)
Gliomastix cereasls (Xarst.)
Dickinson
Paecilomyces Javanicum Brown ex
Smith

Mycelia sterilia

it was noted that earthworms and caproliths pro-
duced by them stimulate the development of the fungl Mu-
corales. In the variants with c¢arthworms there was an in-
crease in the development of such genera of soil fungi

as Mortierella, Mucor, Actinmucor, Absidia, Rhizopus.

In the soil fortilized by straw the fungi of the
genus Trichoderma (T. hamatum, T.viride, T.aureoviride
and others) and also some :epresentatives of the genus
Penicillium (P. capsulatum, P.godlewskii, P.purpurogenum)
developed more intensely.

Due to the effect of aanthio sterile myceliunm of
fungi inoreased in the soll samples; when sown into nu-
tritive media under normal laboratory conditions this
mycelium did not produce organs of reproduction. Mean-
while in sepmrate oases the sterile myocelium ocopiously
produced and exoreted into the environment its enzymes
and aoids. Separate strains of the sterile mycelium when
actad upon by special means acquired capacity to produce
organs of reproduction. But the latter strains of fungi
and their organs of reproduction differed greatly from
the standard strains of the same species of fungi. Tkus
it was established that the inseoticide anthio may have
a negative effeot on the development of separate species
of fungi and limit their distribution in the. soil. How-
ever, not all species of fungl react aqually sensitively
to this ohemical. Some species of the fungi belonging to
the genus Penicillium under the effect of anthio intemn-
sify their aotivity and become very competitive (P. god-
lewskii, P.canescens, P.mirozynskii).

SUMMARY

Organophosphorus inseoticideas, such as anthio, ben-
zophosphate (phosalone) and chloropﬁos, have decreased
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the survival of earthworms up to 46 per ceant. Anthio,
benzophosphate weakened the activity of earthworms and
slowed the mineralization of organic substances. The
following residues of accumulated insecticides were
found in the tissues of earthworms: 0.2 to 0.3 p.p.m. of
metathione, 2.7 to 5.6 p.p.m. of bengophosphate and 0.4
to 5.8 p.psm. of dimethoate, the metabolite of anthio,
per 1 kg of earthworms.

The effect of the insecticide anthio on the densi-
ties of various mioroorganisms in the soil is rather dif-
ferent and depends on the amcunt of inssoticide ard tha
duration of its action. The insacticide anthio produces
the succession in the species of microscopic fungi in as-
sociations already rformed. A positive effeot of this in-
seoticide was noted on some fungal species of the genus
Peajciilium (P. godlewskii, P. canescens, P.mirozynskii).
But due to the effect of anthio, some other species of
fungi lose thear ability to form organs of reproductionm.
Therefore an increase in the amount of sterile myocelium
in the solil is noted.

Barthworms and their metabolites had a positiva
effect on the densitles of wioroorganisms and stimulated
the development of the fungl Muocorale3. Due to these in-
vertebrates the representatives of the genera Mcrtierel-
la, Mucor, Absidia, Rhigopus have become more abundant.

The activity of fungli of the genus Trichoderma is
intonsified in the soll fertilized by straw.
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GRCWTH OF BASIDIOMYCETES IN THE PRESENCE OF
AGROCHEMICALS

G. ]. F. Pugh and M. ]. MacDonald

University of Aston
UK INTRODUCTION

The role of memiz2rs of the Basidiomyvetes in decomposition
processes has been studied by relatively few researchers. The abil-
ity of many soil Basidiomycetes to break down lignin, noted by Falck
(1923, 1930), is common in many wood-destroyers. On the other hand,
Melin (1925) remarked that the mycorrhiza forming Basidiomycetes are
incapable of utilizing cellulose or lignin but depend for their
nutrition on carbohydrates derived from their host trees, It was
subsequently shown by Norkrans (1950) that even some of the mycorr-
hizal fungi are capable of decomposing at least cellulose.

Lindeberg (1944, 1946, 1948) studied the ability of soil in-
babiting Basidiomycetes to decompose litter and its main constit-
uvents, cellulose and lignin. In addition, Norkrans (1944, 1950),
Mikola (1954a) and Fries (1955) indicated that the ability to decom-
posu these constituents is very common among soil fungi. The most
active litter dccomposers have been found among the genera of
Marasmius, Mycena, Clitocybe, Collybia, Clavaria and Stropharia, and
pany wood destroying fungi found on decaying trees hawe decomposed
litter effectively in vitro: Ammillariia mellea and species of

Flammula mholoma.—, Pholiota and Polyporus (Lindeberg, 1946; Mikola,
1954a).

Thus the Basidiomycetes in soil represent a physiologically
heterogeneous group and in order to determine their role in the soil,
thorocugh investigations into the physiology of imdividual species are
needed. The course of lirter decomposition, including its speed and
intermediate and final products, depends on three main factors:

i) the physical and chemical properties of the litter, ii) the
environmental conditions and iii) the organisms themseives. The fac-
tors in turn are interdependent. The significance of each individual
factor in the decomposition of litter or wood is a matter for invest-
igation. In addition, with the rapid escalation in biocide usage in
agricultural and forestry practice, it is urgent that we evaluate the
pressures which these cumpounds exert on the fungi responsible for
decompr sition processes. Biocides are consideiswd to be indispensable
aids in agricultural, horticultural and forestry practices, and a
vast array of chemicals are applied directly to soil. Other agro-
chemicals enter the soil as run—off from treated aerial systems, or
from drifting sprays.

During the course of studies on soil fungi, members of the
Basidiomycetes have often been overlooked because ot difficulties
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of isolation and identification. Chesters (1949) referred to "the
secret of the higher Basidiomycetes": Warcup (1959),with his hyphal
isolation technique, showed that Basidiomycetes can be recovered from
the soil, and Warcup and Talbot (1962) were able to identify several
species. However, tiiese isolated studies give only a small indica-
tion of the work still to be done: other approaches, such as the
cultivation of wmycelia from sporophores, enable cultural studies to
be carried out.

In the present study, three non-mycorrhizal species (235M,
Coprinus comatus and Cyathus stercoreus), two known mycorrhizal spe-
cies (Boletus variegatus and Paxillus involutus), and Phallus
impudicus, a species of uncertain status, have been used to investi-
gate the basic physiclogy and the reaction of each to the presence of
agrochemicals. In this way comparisons can be made of the abilities
of the nutritionally different species under a range of environment-
al pressures,

MATERIALS AND METHODS

Species

The fungi used irn this study include: two species isolated
from sporophore tissue, Coprinus comatus growing on a grass lawn,
and Phallus impudicus growing among mosses in deciduous woodland; an
wnidentified Basidiomycete isolated from leaf litter of Agrostis
tenuis, designated 235M; two known mycorrhizal species, Boletus
variegatus and Paxillus involutus (supplied by Dr.P.Mason, Institute
of Terrestrial Ecology, Edinburgh) and the non-mycorrhizal fungus
Cyathus stercoreus (supplied by Dr. P. Blakeman, Aberdeen).

Media

All species weie maintained on a modified Hagem malt agar
(HMA) (Modess 1941) and contained per litre of distilled water:
CGlucose, 10g; NH,Cl, 0.5g3 MgsO .7H20, 0.58; malt extract agar
50g; Fe Cl3(1% s&lution), 10 drops.

The basic liquid medium (BIM) contained per litre of distill-~
ed water: Glucose, 10g; NH,Cl, O.5g; MgSO,.7H,0, O.5g; lmzP04,
0.5g; malt extract 20g; amin, 1 mg; microefements (after
Lilly and Barnett, 1953), 2ml,

Inocule for liquid cultures were cut from the growing edge
of petri plate cultures on HMA. These inocula were transferred tio
the flasks and floated on the surface of the culture medium, All
flasks were incubated as standing cultures.

Chemicals

Herhicides: Maxide 36 (as maleic hydrazide) - active ingred-
ient (a.i.) 36% (w/v) 1,2-dihydro-3,
6-pyridazynedione
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Paraquat - a.i. 25% (w/v) 1,1'-dimethyl—4,4'-
bipyridinium,

Fungicide: Verdasan - a.i. 2.5% (w/¥) phenyl mercury acetate.
The field application rates of the agrochemicals are as follows:

Mazide: approx. 4000 ppm
Paraquat:; approx. 80U ppm
Verdasan: approx. 20 to 80 ppm

Effect of temperature on growth rate

Petri plates containing about 20 cm3 of HMA were inoculated
with a 5§ mm disc cut from ghe m%rgir.oof cglonigs grgwing on _HMA,
Plates were incubated at 5°, 10°, 15°, 20°, 25°, 30° and 35° c.

The colony diameters were tuken as the mean of two diameters at right
angles to each other. Five replicate plates for each temperature for

every fungus were used. Extension growth rates were calculated dur-
ing the log phase of growth.

Dry weight increase

Flasks containing 20 ml BIM were inoculated with the test fun—
gi and incubated at their optimum temperatures. Three replicate
flasks for each consecutive sample for each fungus were used. For

dvy weight analysis flasks were removed, the mycelia harvested and
édried to constant weights.

Effect of g._srochemicals on growth

Appropriate amounts of herbicide stocks were added to BIM to
give final concentrations of 500, 1000, 2000, 3000, 4000 and 8000 ppm
(a.i.) for Mazide, and 5, 10, 25, 50, 100 and 250 ppm (a.i. for Para-
quat. Flasks were autoclaved for 15 min and 15 psi. Appropriate
amounts of Verdasan stock solution were added to cooled sterile BLM
to give final concentrations of O.1, 0.25, 0.5, 0.75, 1.0 and 2.5 ppm
(aeie)e BIM without agrochemical addition was used as control. Five
replicate flasks for each concentration of agrochemical for every
fungus were used, and dry weight analysis performed as above.

RESULTS

Effect of temperature on _growth rate

The results are sumarised in Figure 1 and iroxdicate the opti-
mum growth temperatures. All six species grew at 5 C, the lowest
temperature used. Four of the species investigated showed growth
between 20° and 25°C (Basidiomycete 235M, Coprinus comatus, Boletus
variegatus and Phallus impudicus). Paxillus involutus showed a lower
optimum lemperature, around 20°C, while gxai'hus stercoreus had its
optimum near 30 C.

In general, the two mycorrhizal species (P.involutus and

B.variegatus) and P.impudicus did not grow above 30°C, whereas the
other three non-mycorrhizal species g.ew above this temperature.
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Dry weight increases

The three non-mycorrhizal species, 235M, C.comatus and
C.stercoreus, showed relatively higher growth rates than did

P.involutus, B.variegatus and P.impudicus (Table 1).

TABLE 1. Crowth rate (mg dr weight/24 hr) of
Basidiomycetes at their opiimum temperature
for growth.

Basidiomycetes 235M 33.50 Bolecus variegatus 6.25
Cyathus stercoreus 9.38 " Paxillus involutus 4.50
Coprinus comatus 7.67 Phallus impudicus 3.25

In addition, it is evidept from Figure 2 that not only were

growth rates slower in the two mycorrhizal species and P.impudicus
but the lag phase of growth was, in general, considerably longer.

Conversely, those specius with a shorter lag phase also showed a
faster growth rate.

Effect of agrochemicals on growth

The effects of the agrochemi.cals on the growth of the six
Basidiomycetes are shown in Figures 3, 4 and 5. In general the
fungi were relatively tolerant to Mazide at the concentrations used:
only Phallus impudicus was inhibited at concentrations above 1000
ppm. Pa.raquat and Verdasan showed some similarities in their eff-
ects on growth at the concentrations used: 235M and Cogrmus comatus
were more tolerant than the other species. Boletus variegatus an
Paxilius involutus were least tolerant, being inhibited at 5 ppm of
Paraquat and O.1 ppm of Verdasan,. thus stercoreus and Phallus
J._mgudtcus showed growth patterns simi to the mycor: mycorrhizal species
in the presence of Paraquat, but voth werc more tolerant than these
species to Verdasan.

DISCUSSION

In earlier studies on Basidiomycetes, most have been found to

be mesophilic in their temperature requirements. Three mycorrhizal
spgcaes of Boletus studied by Melin (1925) showed optinmum growth at

25°C, while Mikola (1948) found a slightly lower optimum for species
of Amam.ta and lLactarius. Norkrans (1950) found that mgcorrh:.zal

oma species had optima within the range 18%°to 30 C, while
Masx (1969) showed that Pisolithus tinctorius grew best at 30 to
35°C. Laiho (1970) reported the temperature | maximum for eight
strains of Paxillus involutus to be about 30° C, with all strains
being killed at 320C.

Of the various wocd-destroying Hymenomycetes studied by
Humphrey and Siggers (1933) and Bjlriman (1946) belonging to the
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genera Polyporus, Sterewn ancol Poria, the great majority have maximum
growth at temperatures cf 28 Coor higher. On the other hand, several
Mycena species grew best at 20 C (N. Fries, 1949). Treschow (1944)
found the coprophile Psalliota bispcra to grow best at « temperature
range between 20° and 279C with the optimum at 24°C. The coprophilic
species of Coprinus investigated by Rege (1927) showed a high opti-
mum of 30° Fo 355w ile L.Fries (1956) found various species to grow
best at 30 to 35 C with good growth at 44°C in one species.

In the present study, the six species used were also meso—
philic, with Cyathus stercoreus showing the highest temperature
range. All six species exhibited growth at 5°C, and there were indi-
cations that Coprinus comatus could probably grow quite well at lower
temperatures. Melin (1925) found that thiree species of Boletus grew
well at 10°C and two of them continued to grow at 6°C, while Lobanow
(1960 repgrted that the temperature minimum of mycorrhizal fungi
was 1"to § C. However, temperature requirements can depend on the
origin of the strains used: Moser (1958a)showed that the minjmum
for a strain of P.involutus isolated from a_valley was 2°to 8°C,
whereas a mountain strain grew at =2 C to 4 C.

Soil inhabiting Basidiomycetes have long been regarded as
slow growing organisms. However, Basidiomycete 235M is exceptional
in showing a rate of growth comparable with many non-Basidiomycetes.
Phallus impudicus and the two mycorrhizal species tested were not
only slower groving than the other non-mycorrhizal fungi, but they
also showed a much longer lag phase., Further studies are in hand
to see whetlier the growth rate can be used as a criterion for dis-~
tinguishing between mycorrhizal and non-mycorrhizal fungi.

In the presence of the agrochemicals used, there were again
some differences in the tolerance shown by the mycorrhizal and non-
mycorrhizal species. With the exception of Phallus impudicus the
mycorrhizal species were less tolerant than 'EEE—non—nwcorrhizal
species to the three chemicals used. At field concentrations, all
species except Phallus impudicus were tolerant to Mazide. With
Paraquat and Verdasan, however, all of the test fungi were inhibited
below the field application rate.

The behaviour of Phallus impudicus indicates many similarities
with the known mycorrhizai Boletus variegatus and Paxillus involutus.
However, Grainger (1962) described it as growing saprophytically on
leaf mould and decayed wood, while Trappe (1962) reported it as a
possible mycorrhizal species.

Thus, the use of these agrochemicals could have more delet-
erious effects on myrorrhizal activity than on decomposition in
general. This could be particularly important in those marginal
situations where higher plant growth is dependent or mycorrhizal
associations,
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INTRODUCTION

One body of ecological theory asszrts that the physiological
properties of the individual organisms in a collection are related to
the number of species in that collection. Slobodkin and Sanders (1969)
have suggested the possibility that where there are many species in a
community some degraeae of species packing (MacArthur and Levins, 1967)
has occurred, and that each individual from a collection containing many
species may be expccted to be less tolerant of perturbation than each
individual in a collection with smaller numbers of species involved. In
this sense, a community comprising a large number of "tightly packed"
species should be l:ss stable than one consisting of a smaller number of
“loosely packed" ones. Most investigators from their own experience can
think of systems which seem to confirm (or, perhaps, deny) the previous
sentence, but this involves selection of evidence and does not constitute
a test.

We wanted data which constituted objective samples of clearly
comparable communities, which were accessible to collection and perturbation,
but which had not previously been subjected to extensive analysis from the
standpoint of our hypothesis. We therefore chose to study nematodes.

Nematodes were chosen to test the hypothesis because they are an
integral part of the scil fauna, and may be either harmful as parasites
of plant roots or beneficial in decomposition processes. It is also of
econonic importance to know how nematoude communities in tho soil will be
affected by a pesticide perturbation.

Our sampling procedure was one routinely used in soil nematology.
From each location we had a 1ist of organisms present and relative
abundance data. For discussion of the significance of such lists see
Botkin et al. 1979, Maguire et al. 1980.

The perturbation was the application of an agricultural nematicide
to a sample of living organisms in the laboratory. Since the hypothesis
relates to the properties of individuals, the perturbation need not be
performed in nature. It might be argued that extraction itself is a
perturbation which preselects for differential response to nematicides
but this seems far fetched.



—— - - - = e e it - ——, — S & am m A S th s mmm——— = fEmTms  —eeReme v m e S & tm e e P% e e - ————a——— ——

METHODS

In this study seven localities were identified; four of these could
be considered species—-rich in nematodes. These were all in the botanical
garden at the University of California, Riverside. We considered these to
be a sample of "tightly packed" nematode communities. The other three
communities were normaily stressed by dryness and we =2xpected to find only
a few species of nematodes. These were located in a native coastal sape
scrub community on a nearby ecological area, alsc on the UCR campus. Soil
samples were taken at the base of the plant (near) or at the plant cenopy
(far). The localities were: Botanical Gardemns - (a) Juglans gxriformié near,
(b) J. pyriformis far, (c) J. hybrid near, (d) J. hybrid far; Sage Scrub -
(e) bare ground, (f) Ambrosia dumosa near, (g) A. dumosa far.

Soil samples were taken in the spring of 1977, the nematodes
extracted, and the genera found in the first approximately one hundred
individuals examined from each site were recorded. One hundred hand
picked live nematodes from each site were placed into a solution of
nematicide, 250 ppm 1,3 ~ dichloropropene. The time to 502 immobilization
was determined. (immobilization is used as a criterion of the effectiveness
of a nematicide because the actual death pcint of a nematode is difficult to
determine from visual observation). Solutions were examined for immobilized
nematodes every 5-6 minutes and at the termination of the 5-minute interval
after immobilization had exceeded 507, a differential count was made of the
first one hundred wmobile animals encountered. This was repeated on scparate
samples, March 21 and March 22, 1977, so that two measures were
made from each community. TFor statistical purposes they were treated as
independent samples.

RESULTS

The list and number of nematode genera found in each sample before
and after treatment are shown in Tablegs 1 and 2. As expected, the wean
nunmber of genera found 1in each sample from the Botanical Gardens were
greater than these in the coastal sage serub (10.4 vs. 5.5). A median test
showed that more species were lost frum the species—ticy garden communities
than from the species-~poor scrub areas (4.9 vs. 3.0) (X" = 7.87, df = 2,
P<.05). However, there were more genera there initially to lose; the
proportions of the genera lost in the two areas (.39 vs. .27), while in the
same diEection, was not significantly different when tested with a median
test (X" = 1.17, af = 3, P>.7).

It should be recognized that the number of species present is but
one measure of community struciure. ILewontin (1969) has stressed that
community stability should be measured in a variety of ways. A way to do
this is to compare the vectors of the speciers composition before and after
trveatment. Prior to treatment with nematicides each population can be
cepresented by a vector P_ = (P,, Pz,. . . .PK),£P = 1, where the
components represent the propor%ion of each genus in making up the sample.
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TABLE 1.

Location
?

specirs

Acrobeles
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Diptherophora
Ditylenchus
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Rhabditis

Trichodorus

Tyienchorhynchus
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Table 2

Number of nematode genera present in soil samples before and after treatment with a nematicide.

Number of Genera

Location

Species-rich ) Average

communities Day 1 Z Day 2 X Day 1/Day2

(Botanical Bafore After Loss in Before After Loss in Ave Ave X

Gardens) nematicide nematicide Change genera nematicide nematicide Change genera change loss
A 1] 6 =7 =34 14 11 -3 -.21 -5 -.37
B 11 6 -5 =.45 14 9 -5 -.36 -5 -.40
c 12 7 =5 -.42 13 7 -6 -.46 -5.5 - .44
D 11 6 -5 =45 12 9 -3 -.25 -4 -.35
Ave 11.75 6.25 -5.5 ~-.465 13,25 9 -4,25 -,32 ~4.87 -39

Species-poor

(sage Scrub)

& E 5 5 0 0 8 6 -2 -.25 -1 -.12

F 7 4 -3 -.43 7 5 -2 -.29 -2.5 -.36
G 7 5 -2 -.29 8 5 -3 -.38 -2.5 ~-«34
Ave 5.66 4.66 -1.66 -.24 7.66 5.33 -2,33 -,2 -3.0 -.27



After treatmucnt, the comnunities would be changed to a new vector of

coupositions (P,).

absolnte species abundance could nnot be estimated).

(We have used proporticnate abundance because

Community stabllity can be measured in a number of ways. Ve
chose to uweasure Euclidean distance between the position vectors before
A more stable coumunity should be moved less. We

and after trcatment.

also determined the angle between the vectors P, and P,.
community should be moved through a smaller angle by
The Euclidean distance in n~space, where n is the number of genera prior

A more stable

Eﬁe nenaticide.

to treatment, and the angle between community vectors before and after
treatment are compared (Table 3).

There was a greater effect on the more species-rich communities.

The nematicide moved the species~rich communities an average distance of

.90 genera, whereas .iie species-poor communities were moved a distance of

only .57 genera.

{(U=6, P<.01).

The angles through which the communities were moved also
differed significantly (U=7.5, P<.05) with the species-rich communities
being again more affected.

This difference was significant by a Mann-Whitney U-test

These data suggest that species-packing is an important determinant

of community stability.

It suggests also that the mathematical theories

of community stability may be helpful for better understanding the effects
of pesticides on plant and animal communities.

Table 3

Stabllity of species-rich and species-poor nematode communities.

is measured by the resistance to change in species composition vectors by
treatment with a nematicide.

Stability

Euclidean distance between vectors
before and after nematicide

Location

Botanical Gardens

>UQ@E>

ve

Sage Scrub

ve

>N

Day 1

0.87
0.88
0.74
0.74
0.80

Day 2

0.63
1.29
1.01
1.0¢
0.99

Ave.

0.75
1.1

0.87
0.90
0.90

39

Differences in angles between vectors
before and after nematicide

Day 1 Day 2 Ave.

30
52
43
43
35.25

26
30

37.7

37
80
61
63
60.25

39
20
26
28.3

33.5
66
52
53
51.12

32.5
25.0
41.5



PISCUSSION

There has developed an extensive and polemical literature on the
relation between species packing and environmental stability. Much
discussion has focussed on whether or nor particular environments ought
to be thought of as more or less stable and on various definitions of
stability. In addition there has been concern as to statistical problems
in the determination of diversity. These problems remain unrerolved.
Obvicusly the stability of the environment must be viewed from the stand-
point of particular organisms. What coLstitutes perturbation in one kind
of organism will not in any way disturb another. Also most measures of
species diversity are subject to various interpretations.

The Slobodkin-Sanders (1969) formulation of the role of stability
in contributing to diversity asserts that there exists a relation between
the number of species and the physiological properties of the inuaividual
organisms in collections of organisms wade in nature. This connection is
not obvious. It might, for example, be asserted that if one kind of orgzanism
in a particular place 1is particularly sensitive to some environmental event
then others in the same place might share that sensitivity but this assertion
would say nnthing about the rumber of species to be ¢:pected in that place.
Perhaps the most significant aspect of the Slobodkin-Sanders formulation is
that it attempts to explicitly rationalize a connection between physiological
properties of individual organisms and properties of assemblages of species
in which they are found. Testing detailed aspects of the Slobodkin-Sanders

theory would require an enormous amount of time and effort in studying
several ecosystems. In the absence of general agreement on clear
definitions of stability and ambiguity as to the relative merits of
different diversity measures such tests would still be equivocal. We
have not attempted this - rather we asked the simpler question - whether
wve can demonstrate any relation at all between the number of species in

a collection and the physiological properties of the individual organisms.
In the absence of such a relation any attempt at rationalization of
species diversity in terms of biological properties is suspect.

We used an unnatural perturbation, the nematicide, to avoid the
possibility that we are mimicking a natural event which the organisms
might not find perturbing. Our cholce of statistical procedure was
dictated by our desire to use as much of the information in our data
as possible, and to minimize the role of special distributional functioms.

If we had studied a well understood community we would legitimately
be subject to the criticism thrt we had chosen either the community or
the perturbation because of prior knowledge of how the organisms would
respond. Our choice of organisms was motivated by our desire to approach
as closely as possible a blind test of the simple hypothesis that there
was in fact a relation between length of gpecies lists and physiological
properties.



The fact that we did show that the longer speciles-list samples were
more sensitive than the shorter does not by any means demonstrate

universal validity for the Slobodkin-Sanders argument. It does demonstrate

a specific prediction of the formulation; using our criteria Zor diversity
and for statistical difference, the hypothesis was confirmed. This of
itself is of significance in light of the assertion by Abele and Walters
(1979) that the hypothesis is a tautolugy, i.e. 1is untestable.
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A PRELIMINARY STUDY OF THE USE OF SOME SOIL MITES
IN BIOASSAYS FOR PESTICIDE RESIDUE DETECTION

Ph. Lebrun

Umnizersity of Louvan
Belgium

INTRODUCTION

Our objective in this paper is to analyze the methodology of bic-
assays principally in relation to the detection of toxic residues of
pesticides through soil fauna. In this cense, our conception 1s in
accord with that of Ruzicka (1973): "The determination of pesticide
residues by bioassays 1s based on the measurement of growth, death or
some other physiological (or ecological) change in animals, plants or
microorganisms.”™ The concept of bioassay derives from that of the bio-
indicator. A bioindicator is in all biological parameters, qualitative
or quantitative (measured at individual, population or community level)
1ikely to indicate the particular 1ife conditions corresponding either
to a given state, to a natural variation or to an envirommental pertur-
bation. Thus, in the sense of the naturalists, this definition
includes the more restrictive terms of indicator or characteristic
species. The actual revival of these old conceats comes especially
from actual needs concerning ecological avaluation, quantification of
their biological value and ecosystem quality. In this context, and by
referring to soil ecosystem, the problem of bioassays becomes more and
more essential for soil biclogy and necessitates certain adjustments.
On the other hand, as of now a distinction should be made between bio-
assay and screenfng. Screening is based principally on the comparison
of direct rortality induced by various molecules on whatever species,
either noxfous or nor~target. On the contrary, by definition, bioassay
refers to standard organisms taken as a measure of reference. In addi-
tfon, we do not Toresee the direct repercussion of pesticides in the
field or the consequence of their use on soil organisms. These aspects,
which constitute a global approachk and not strict bioassays, have been
synthesized by several authors throughout the past few years (Edwards,
1973a, b; Thompson and Edwards, 1974; Matsumura, 1975; Brown, 1977).

OBJECTIVE OF BIOASSAY TECHNIQUE

The objectives of bioassays, in the restricted sense of the temm,
can be classified into four categories:

1. The study of the persistance in function of the behavior

of pesticides such as mobility and influence of external
factors on the biocactivity.
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2. The comparison of molecular analogues in the perspective
of proposing a compatible choice with ecological impera-
tives in the sense of minimizing dastructive effects on
enviromment.

3. Demonstration of secondary effects;

a. the induction of resistance,

b. demecological (population level) such as
influence on the fecundity of non-target
species, or biocenotical modifications
such as biomagnificaticn, and

c. the indication of teratologic effects.

4. The detection and measure ¢ bfological residual activity
of pesticides;

a. either with labcratory experiments (absolute
bioactivity), or
b. from field samples (relative bioactivity).

We are essentially developing the latter objectives. but we can briefly
give a few samples concerning others fn the context of sofl biology.

RESEARCH REVIEW
Behavior of Pesticides

As iLichtenstein (1966) and Edwards (1973b) recalled, the biocactivity
of soil pesticides depends on a number of factors, such as the chemical
characteristics of the molecule, the type of treatment, the type of soil,
the organic matter content, clay content, acidity, the temperature and
water content of the soil, the type of vegetation or crop. Interesting
studies carried out by Read (1969, 1971, 1976) by Harris (1963, 1972,
1973) by Harris and Sans (1972) by Griffiths and Smith (1973) on crickets,
flies and rutworms have pointed out the importance of these factors on
the reat biological activity of insecticides. Among soi11 fauna. some
species of collemboles, especially Folsomia candida, have been studied
within this view, mainly by Thempson and Gore (1$72), Thompson (1%73)
and by Tomlin (1975, 1977a, b). Here are two examples of these studies.
The first (Table 1) shows that the bioactivity, and thus the hazardous
effects of pesticides, can vary considerably depending upon the species.
In the second example (Table 2) 1t is the type of soil and particularly
the organic mattisr conteni which proves to be a criterion equally deter-
minant. This 1s already proot c7 tie superiority of biological analysis
versus chemical analysis since for equivalent concentrations of pesti-
cides the effects expressed in total bioactivity vary in very large pro-
pertions. In both cases, the chemical analysis would have lTead to a
simple equivalence of activity.
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Table 1. Comparative Bioactivity of Some Insecticides
on 2 Collembolan species (after Tomlin, 1975)

Insecticide Bicaativity (% mortality)
. Onychiurus Justi Folsomia
porter candida

Counter .\F) =at:= 0.05 ppm 9% 100%
0.1 ppm 73% 100%

0.5 ppm 96% 100%

Carbofuran at: 0.5 ppm 0% 15%
0.1 ppm 0% 100%

0.5 ppm 0% 100%

1.0 ppm 35% 160%

Table 2. Influence of Soii Type on the Bioactivi
of Technical Chlordane (Target: Crickets
(after Horris, 1972)

Soil Type % Organic Matter cL 50 (ppm)
Sand 0.5 0.46
Clay 27.8 6.56
Muck 64.6 18.82

Comparison of Pesticides

The comparison of the effects of analogues pesticides is one of the
most positive aspects of bioassays because soil ecologists can recommend
or impose the least prejudicial molecules in the edaphic enviromnment
(Table 3). The three pesticides mentioned are, in principle, equivalent
as to their capacity of crop protection. This comparison recommends not
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Table 3. Bioactivity of some Carbamate Insecticides
on Lumbricus herculeus (from Lebrun and
Klein, in pre.

CL 50
(5 hours of ijmmersion) Toxicity Ratio
Aldicarbe 2.9 ppm 1 : 1
Carbofuran 10.6 ppm 3.6 : 1
Thiphanox 26.8 ppm 9.2 : 1

only to make a choice as to the less harmful compound, but also 1t
encourages studies directed at select’ag pesticides less and less toxic
for the faunal decomposers. In this aspect, the study by Tomlin (1377b)
is very interesting (see Table 4). It is obvious, indeed, that the first
benomyl 1s more compatible with ecological demand than the other, and
with benomyl 1tself.

Table 4. Toxicity (mortality %) of Scil Application
of Benomyl and two Analogues to three
species of Springtails

Analogue 1 Analogue 2

N-methylcarba-  N-methylcarba-
Benomyl moyl-benzimidazole moyl-imidazole

Concentration in Sofl 5ppm 10ppm Sppm 10 ppm 5 ppm 10 ppm

Species

Onychiurus justi 40 100 0 0 0 100
porter

Pzgogastmra armata 40 100 0 0 0 100

olsomia candida 100 100 0 0 0 100

Demonstration of Secordary Effects

Soil1 ecologists are quite concerned about the secondary effects of
pesticides due to the very slight mobility and the very long persistance
of pesticides in the daphic enviromment if compared, for example, with
aquatic environment (Thompson and Edwards, 1974). Contrary to the studfes
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on noxfous fnsects {Read, 1965; Rajak et al., 1973), few works have been
dedicated to resistance and modification of fecundity induced in soil
microarthropods. As an example of demecological effect, one can men-
tfon the work of Gregoire-Wibo (1978), conducted with Folsomia candida,
which showed that the selective pressure induced by carbofuran affects
the fecundity already after three generations of the species. As far
as the bfocenotical aspects are concerned, numerous studies have been
realized directly in the field to study prey/predator relationships
(for example Sheals, 1956) or modifications of the community structure.
These works extend beyond the frame of this presentation and cannot, by
their nature, be considered as real bioassays. On the other hand, from
an ecological point of view, the work conducted by Popp (1970) on the
oribatid Hermannia convexa 1s a model study. Popp combined laboratory
and field experiences in order to consider all the problems of con-
tamination and the transfer of pesticides. In this manner Popp (1570)
showed that mite dejections treated with reduced doses of dieldrin were
extremely toxic (their bioactivity was tested on Daphna) and cculd be
the beginning of an important contamination of decomposer trophic
chains of the soil.

A PROPOSED RESEARCH DIRECTION
Detection and Measure of the Residual Bioactivity

Let us now approach the bioassay concept in the more restricted
sense. The general scheme presented in Figure 1 illustrates the differ-
ent methodological steps and compares the two possidle approaches of
bfoassays {the physiological and ecclogical approach) with usual chemni-
cal approach. In all three cases, the problem remains the same, that is
the detection and the quantification of residues and their possible
activity on the tested fauna. Chemical analysis will certainly provide
the most complete answer depending upon the techniques used such as
spectrophotometry {S-UV, S-IR, S-F) and chromatography (TLC, GLC, LLC).
One will obtain the exact spectrum of the parent compound, of its
metabolites and of the hydrolized products. This information, however,
as com?lete as it may be, does not clarify anything as far as the bio-
Togical influence of the various toxficants. In fact, the knowledge of
effects due to all combinations of concentrations between parent compound,
metabolites, and hydrolized products would be necessary to provide the
real value of the bioactivity. Besides, the varfability of measures, as
well as the difficulty in establishing techniques, make it so that the
chemical analyses are restricted to very punctual problems.

Concerning biological assays, the information obta‘aed 1s reversed
as it 1s the bioactivity on which the attention is focused and not the
chemiral composition of the residues. However, the physiclogical
approach and the ecological approach do not provide the same information.
Only the ecological approach provsides the actual toxfcity of samples of
the soil which are tested. As it appears in the figure, this technique
gives a very rapid diagnosis that !s often very precise as to the quality
of the enviromment. After having established the tolerance of & sensitive
species to one or anctner toxicant, we then put experimental populations
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in contact with tested pedological samples. Following the mortality in
the experimental population, we deduce the concentration by extrapola-
tion in a given produce in terms of total toxicants. This type of bfo-
logical trial, initiated by Sun {1957, 196€3) and Gupta (1973), has
already been put into practice with edaphic Collemoba (Thompson, 1973;
Thirumurthi and Lebrun, 1977; Thirmurthi, 1979). The advantages of this
method in comparison to others are presented in Table 5, which points out
thelnuTber of repetitions possible and the relative price of the
analysis.

An example of bioassay using the physiological approach was realized
with the collembole, Folsomia candida, as given in Figure 2. The biolog-
ical activity was folTowed in two plots, one at a dose of 2 kg Al/ha and
the other at a dose of 10 kg AI/ha. With the standard curve (previously
established), the temporal evolution of the residues could be observed.
The residues were determined by dilution of the soil samples only for bio-
activities reachtng 100% murtality. This example shows one of the great
interests in the use of microarthropods as an instrument to measure 2nd
diagnose the quality of soils, as well as the evolution of residual
toxicity. As also proved by a parallel study on field populations, they
can restore themselves approximately 24 weeks after the treatment at a
dose of 2 kg Al/ha.

DISCUSSION AND CONCLUSIONS

According to Matsumura (1976), "One of the most important considera-
ticns in the analysis of residues 1s assessment of their potentfal damage.
It is unfortunate that biological and biochemical assessment have not
been rea:.'y extensively applied to the field of residue analysis". In
fact, the development of bfoassays runs up against several difficulties
of which the main ones are, according to Ruzicka (1973), the choice of
species of reference, and a lack of specificity of 11ving material in com-
parison to chemically different pesticides. These two difficulties are
extrcmely related because discrimination between the residues of two
molecules can anly be done by using two different species, one being
sensitive to the first pesticide and resistant to the other, and in-
versely for the other species. "In essence, bioassay animals are
selected on the basis of high pesticide sensitivities and by the ease with
which large numbers of them can be reared" (Matsumura, 1976). Fron this
point of view, 1t is essential to point out that because of its great
diversity the sc11 microfauna present a large reservoir of species pre-
senting the properties of very good bioindicators (sensu Jenkins, 1972).
Due to the diversity in feeding habits, behavior, optima and ecological
tolerance of soil microarthropods, they represent variable and sensi-
tive 1iving forms which can be largely used in bioassays. Nov, as we
have already peinted out for soil animals, only certain species of
collemboles are actually used in bloassays. The necessity to measure
the effects of residues in a more precise manner either In the soil
(Tom1in, 1977a) or in vegetal tissue (Pree and Saunders, 1973) could be
encountered by diversifying the 1iving material.
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TABLE 5 : COMPARATIVE ADVANTAGES OF CHEMICAL AND BIOLOGICAL WAYS,

CHEMICAL WAY

BICLOGICAL WAY

PHYSIOLOGICAL APPROACK

ECOLOGICAL APPROACH

KIND OF INFORMATION

-ABSOLUTE CHEMICAL COMPOSITION

AND CONCENTRATION,
-SUPPOSED BIOACTIVITY,

-ABSOLUTE (POTENTIAL)
BIOACTIVITY,

-GLOBAL CONCENTRATION,

-RELATIVE (ACTuAL)
BIOACTIVITY,

-EQUIVALENT CONCENTRATION.

CosT

TIME SPENT.

LONG

INTERMEDIATE

SHORT

NUMBER OF POSSIBLE
REPLICATES

LITTLE

INTERMEDIATE

LARGE
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Some preliminary tests have been pertformed in this sense on
Oribatidei of the genus Damaeus (onustus and clavipes) (mycophagous
species) and on gamasids of the species Pergamasus norvegicus (preda-
tory species). The initial resulted obtained (Figure 3) show that
with carbofuran the range of sensitivity is already very good, with-
out attaining the range of 0.1 to 1 ppm, such as {s generally recom-
mended (Sun, 1957). On the other hand, the resistance of Peﬁgamasus
norvegicus to an acaricide, which is very active on tetranychids and
oribatids, seems to invalidate the usually formulated criticism of
non-specificity of biolegical material.

In conclusion we can only stress the development of bioassay
mathodology by using soil fauna. Table 6 summarizas the character-
istics and qualities which should be sought after in the future for
the species test, as well as for the diversification and the adjust-

TABLE 6. Use of microarthropods in bfoassays -
trends for the future

QUAL.ITIES OF THE TESTED - SPECIES

High sensitivity
Specificity to one (or a few number) pesticide

Use of wild popujation (from untreated fields
as forestsgo

Reaction homogeneity (use of one stasis)
Easy mass rearing and manipulation

QUALITIES OF THE MEASUREMENTS

- Simultaneous use of contrasting species (trophic
levels, taxonomic status)

- Ecological approach (actual bioactivity)

- Need of continuous watch

ment of an instrument for precise and reliable measures. In this view
one must point out that the qualities of chosen species shall be en-
countered in the highest specialized species of which one different
stasis will be selected. As far as the quality of assays, one must

sti1l stress the determination of the actual bioactivity which can only

be estimated through an ecological approach. Finally, one must stress
that what could bz tte most important is the need to continually con-
trol the biological quality and thus the maintenance of soil fertility.

i
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QUESTIONS and COMMENTS

H. EIJSACKERS: Don't you fear a change in genetical
composition after mass rearing for a long time, so the species
under study may not be representative anymore for the "wild"
species selected at the start of the project?

Ph. LEBRUN: I agr=e with you but the laboratory strains
could be characterized and isolated. On the cther hand, for
our strains, we regularly regenerate (in the genetical sense)
the strains by adding some wild individuals directly coming
from the field.

C.A.EDWARDS: Do you have any evidence for resistance
developing when the same culture is exposed to a pesticide
at intervals?

Ph. LEBRUN: Yes it is the case as Dr. Gregoire has
shown on the Folromia candida population treated with carbo-
furan at LCgn- After three generations the fecundity is
increasing .nong intervals. ;

A.J. REINECKE: It is a well known fact that males and
feriales of many species react differently in bio-assays. 1In
some so0il microarthsrsopods sexual dimorphism develops at a
fairly late stage which should be taken intec account. Did
you find the same persistent differences between the two
sexes in their reaction to pesticides?
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Ph. LEBRUN: In the case of Folsomia candida the problem
is very simple as that species is a parthenogenetic one.
The sexual discrimination is practically impossible on
Oribatid mites. In the gamarid group, where the sexual
differentiating is always possible, I observed no differences
in reactions to pesticides.

However, in most cases, the sex is determined after
the death of animals.
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EFFECTS OF SIX BIOCIDES ON NON-TARGET SOIL MESO-
ARTHROPODS FROM PASTURE ON STE. ROSALIE CLAY
LOAM, ST. CLET, QUEBEC

Thomas D. Smith, D. Keith McE. Kevan and Stuart B. Hill

Macdonald Campus of McCill Umiperarty
Canada

INTRODUCTION

Soil inhabiting irnsact pests have always been more
difficult to control than their above ground ccunterparts.
Some relief was achieved, however, with the introduction
and use, often overuse, of DDT in the mid nineteen-forties
and of cyclodiene biocides in the ewrly nineteen-fifties
(Harris et al. 1967). From that time onwards, synthetic
organic biocides have impinged on both living and non-living
parts of the environment (Figure 1) (Kevan, 1955; 1962;

Rudd, 1964; Edwards, 1969; 1973; 1974; Gillett, 1970;
Guyer, 1970; Mills and Alley, 1973; Butcher, 1976; Wallwork,
1976; McTaggart—-Cowan, 1977:; and Hill, 1978).

OBJECTIVES

Concern for possible detrimental effe~ts of blc.ide
use led to the establishment of a field tsial to measure
and suggest significance of changes in population densities
of non-target soil mesoarthropod species, primarily Acari,
in moderately intensively managed, cattle-~grazed pasture on
Ste. Rosalie clay-loam soil. The study site was on the
farm of Mr. J. Martineau, -+. Clet, Soulauge Co., Quebec.

MATERIALS ZND METHODS

The biocidesl 2end for the present study were single,
separately appl:-.z2. ~“peratiosnal dosages of diazinon,
fenitrothion, malathion, methoxychlor, carbaryl and
mexacarbate (Table 1). Experimental design was a linear
random arrangement of pairs of like treatments having 0°

magnetic azimuth and being perpendicular to prevailing
winds.

—

Names of biocides are from Spencer (1973).
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Figure 1: Scheme of biocide transport within the biosphere.

* Applicatlon of biocide to soil.

———— Direct movement of biocide into sphere from
application gource.

—_— Physical transport and degration of biocide,
—p Binlogical degeadation of biocide,

Bl Return of modified bjocide,

1 Modified from Robinsen (1973).
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TABLE 1: Sources and application rates of biocides.

Biocide Application ratel (kg/ha) Source
ORGANOPHOSPHATE

diazinon 0.89 . Commercial

fenitrothion 0.28 CIBA-GEIGY

malathion 0.20 Commercial
CHLCRINATED

HYDROCARBON

methoxychlor 1.60 Commercial
CARBAMATE

carbaryl 1.10 Commercial

mexacarbate 0.14 CIBA~GEIGY

1 pased on manufacturer's label for best all purpose control;
Fenitrothion and mexacarbate based on single application rate
for control of spruce budworm, New Brunswick, 1969.

Insecticides were applied on 23 June, 31971, and samples
collected on 21, 24 and 29 June, 6 and 20 July, and

17 August, 1971. Soil mesocarthropods were extracted in
a modified Kempson, Lloyd and Gelardi (1963) infra-red

extractor (Hill, 1969 and Behan, 1972).

ANALYSIS OF DATA

Since we were more interested in finding, than in not
finding significant differences among populetion densities
and dry-biomass values of soil mesoarthropod species from
treated and control ploits, we used a two-way analysis of
variance and Duncan's Multiple Range Test (Duncan, 1955;

g?eel and Torrie, 1960; Chew, 1976a, b; 1977) (Tables 2 and

Population densities and dry-biomass values were com-

pared with those of pre-spray and/or cocntrol treatments
(Figqure 2).
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TABLE 2. Analysis of data.

1)

2)

3)

Populaticn oy

Group Densi:y Bic iass
Total soil mesoavthropods 1 -
Zoophagous soil mesoarthropods 1 -
Phytophagous soil mesoarthropods l -
Zoopha_ sus Acarl 1 1
Phytophagous Acaril 1l 1l
Acar1? 1 1
"¢ehexr" soil mesoarthropods2 1 -

1

2

Two-way analvsis of variance and Duncan's Multiple Range test.
Rarer taxe excluded.

Data not determined.

CONCLUSIONS

Number of species, population densities and dry-biomass
values of non-target soil mesoarthropods, were affected
by the biocides usad in this study, often in several ways.

Use of suprageneric groupings of soil mesoarthropods
would have masked changes caused by biocides at the
species or life—-stage level.

Greatest reductions in population density and Acari
dry-biomass normally occurred within two days after
biocide application. Delayed reductions in population
density and dry-biomass of phytophagous Acari occurred
from one to two wveeks after application of methoxychlor;
and of population density of zoophages from one to four
weeks after application of mexacarbate. A persistent
reduction of zoophagous Acari dry-biomass occurred from
12 hours to two weeks after spraying mexacarbate.
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TABLE 3a. Effects of viocides on soil mesoarthropod demsity and dry
biomasa according to Duncan's Multiple Range Test¥,

POPULATION DENSITY DRY BIUMASS
1) No significant difference smong treatments:
croypl croupt
Phytophagous soil mesoar:hropodsz Acari
Hexapoda ) Zoophagous Acari
Entomobryidae Mesostigmata
Sminthuridae Hypoaspis angusta
Staphylinidae? , Hypoaspis similisetae
Diptera larva 1 Neojordensia levis
Acari Prostigmata
Zoophagous Acari Speleorchestes formicorum
Mesostigmata Zupodes voxencollinus
Macrocheles merdarius Oribatei
Prosti ta Brachychthorius jugatus

Speleorchestes formicorum
Imparipes hystricinus
Eupodes voxencollinus
Coccorphagidia n.sp.
Hauptmannia sp.

Oribatel
Immature Oribatel 1
Immature Oribatei 2

2) All biocide treatments significantly greater than control treatment:

Collembola Mesostigmata

()ryc:h:lm:i:lae2 Rhodacarellus silesiacus
Mesostigmata Oribatel

Rhodacarellus silasiacus Tectorepheus velatus
oribatei Oppia m-nus

Tectocepheus velatus

Oppia minus
3) All biocide treatments significantly less than control rreatment:
Mesostigmata Prostigmata

Trichouropoda obscura Bakerdania blumentritti
Prostigmata

Bakerdaria blumentritei

Ste. Rosalie clay loam pasture, St. Clet, Quebec; Data for all sample dates
from 21 June to 17 August, 1971.
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TABLE 3b.

FOPULATION DENSITY DRY BIOMASS
Significant Significant
GROUP Biocide GROUP Biocide
Treatment Treatment

Hexapoda

Eouentogidae
Aphidae

2

Acari
Phytophagous Acari

Prostigmata
Tarsonenus randai

Oribatei

Brachychthonius jugatus
Scheloribates pallidulus

Total soil mesoarthropods

Hexuapoda
Thripidae

Mesostigmata
Hypoaspis angusta

(4) Some biocide treatments significantly greater than

dia., cer.
car.

car,, dia.

car., fen., mex.,
dia.

mal., car.
car., mex.

dis., mex., mal.,
met., fen.

mal., mel., mex.,
fen.

dia,, mex., car.,
mal., fen.

control treatment:

Acsri
Phytophagous Acari

Prostigmata
Tarsonemus randsi

Coccorhagidia n.sp.

(5) Some hiocide treatments significantly less than control treatment.

Mesostigmata
Trichoaropoda obscura

Macrocheles merdarius
Ololaelaps sellnicki
Dendroiaelaps strenzkei

Prostigmata
Nanorchestes collinus

Scutacarus lapponicus

dia., car., mex.,
ral., fen.

mex,, car., dia.,
fen.
met., mex.

dia,, fen., car.,
mex., met,

dia., mex.

met,

fen., mex., mal.,
met., car.

met., mal., dia,
dia., fen., mex.

a——

PR VN —



TABLE 3b (Continued)

POPULATION DENSITY DRY BIOMASS
Significant Significant
GROUP Biocide GROUZ Biocide
.| Treatment3 Yreatmentd
Hypoapis similisetae fen., car., met,, Coccotydaelous krantzi
mal, complex cla.
Ololaelaps sellnicke t. Stigmaeus sphagneti met,
Ameroscius corbiculus et., mex., fen.
Cheirogeius borealis met., fen. Oribatei
Asca bicornis complex petss fen., mal., Oppiella mova met., mal.
Neojordensis levis car.. Jal., mex,.,
et.
Dendrolaelaps strenzkei fen., mal., met.,
[mex., car.
Pergamasus crassipes car., fen., mex.
Pexrgamasus lapponicus car., met., fen.,
dia., mex.
Prostigmata
Stigmaeus sphagneti dia., mex., met,
O=ibatei
iella mova Id:la., met., mal.
(6) Some biocide treatments significantly greater (») or less (£) than control treatment:
Hexapoda Mesostigmata
Hypogastruridae >fen., dia. Ameroselus coribuculus »dia., car.
<met., mal. <mex., fen.
Cheiroseius borealis 7dia., car.
Prostigmata 4mex.
Nanorchestes collinuc >mex., car, Asca bicornls complex 7-d:la.
<mal. <uex.
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TABLE 3b. (Continued)

POPULATION DENSITY DRY BIOMASS
Significant Significant
GROUP Biocide OROUP Biocide
e :—L-(Tr ments nh Jmﬁ'ﬁi——-—-‘
Scutacarus lapponicus < met. Pergamasus crassipes >mal, dia., met.
>dia., fen., mex. <mex.
Astigmata Pergamasus lapponicus smal,
Tyrophagus dimidiatus Zear., dia. 4car., dia., mex.
>met., mal., fen. Prostigmata
Rhizoglyphus rotundatus < mex., dia, fen. gra
>car, met. Hauptmannia sp. >mex.
£wal.
Oribatei
Trichogalumna n.sp. >fen., dia., nrex. Astigmata
£car., mal,, met. Rhizoglyphus rotundatus >mex., fen., dia.
£car., met,

1 Groups in phylogenetic order.

2 Dry biomass values not determined.

3 Abbreviation for insecticide treatmenta*:
dia = diazinon
fen = fenitrothicon
mal = malathion
wmet = methoxychlor
car = carbaryl !
mex = mexacarbate




Frequencies of numbar of occurreaces when population
density of soil mescarthropoda and dry biomass of

soil Acari wvere lover than in controls, folloving biocide
traatment. 5te. Rosalie clay loan pasturs, St. Clet,
P.Q. (23 June to 17 August, 1971).
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QUESTIONS and COMMENTS

G. BENGTSSON: Have you tried to analyze the mechanism
of interaction between the different species used and the
pesticides considering the different biological characteristics
of the species and the chemical characteristics of the pesticides?

S.B. HILL: I have only examined this on pap=r in relation
to various reviews of the literature that bear on this sub-
ject. My preliminary ideas have Leen published in the Pro-
ceedings of the Fourth North American Forest Soils Conference
(Hill, s.B,, L.J. Metz and M.H. Farrier, 1975. Soil meso-
fauna and Silvicultural Practices. Pages 119 to 135 in B.
Benio and C.H. Winget (eds.) Forest Soils and Forest Land
Management. lLaval Univ. Press, Quebec) in relation +o the
mechanisms by which fertilizexs might affect soil mesofauna
in coniferous forest soils. Some of these are likely to be
similar to the meclanisms involved in pesticide effects.

S.E-D.A. FAIZY: Please give the reason for the delay
action of some incsecticides on density of soil fauna and
whether it is due to physiological reasons related to the
fauna itself or due to a chemical and/or physical process
going on in the soil.

S.B. HILL: I suspect that most delayed effects operate
via the food chain and via (initially)sublethal effects that
influence behavior and reproduction. Which of these is most
important will vary from one species and one habitat to another.

K.H. DOMSCH: Do you know any confirmed field observa-
tions on reduced organic matter degradation following pesti-
cide application at recommended rates?

S.B._HILL: No. I am, however, familiar with several
farmers that I respect, who claim that such relationships exist
at an economically significant level. There are, of course,
various litter nag studies that have supported such conclusions.
Dr. Satchell mentioned Dr. B.N.K. Davis' work on effects of
pesticides on rate of organic matter decomposition. There was
no significant difference and displaced millipedes were re-
Placed by others. I believe that we should examine such short-
term observations with caucion as substitute species may have
qualitatively different functions (e.g. that have a bearing
on rate of release of cerxrtain trace minerals) whose effectcs
may not become clear for 5, 10 or more years.

C.A. EDWARDS: I noted that you list Rhodacarellus sileacus,
as a species that increases in number due to biocides. As
this is a well-known predator, how do you explain these in-
creases in numbers? Are they due to hyperpredation?
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S.B. HILL: I do not know the answer. Certainly hyper-
predation is one possibility. Reduced competition and in-
vasion from adjacent areas or movement upwards from the pro-
file below the emptied depth would be othex possibilities.

I suspect that R. sileacus would be reduced in arable soils
in which pesticides would move rapidly and penetrate the
deeper soil layers. Our study site was a pasture on clay-

laom soil so that vertisgl distribution of pesticides would
be more limited.
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EFFECTS ON LINDANE, CARBARYL, AND CHLORPYRIFOS ON
NON-TARGET SOIL ARTHROPOD COMMUNITIES

James B. Hoy

University of Califormia— Berkeley
UsA

INTRODUCTICN

In an effori to reduce losses of high-value pine trees in camp-
grounds, parks and dooryards, lindane is used as a protectant spray in
localized but heavy applications. The toxicity of lindane (and certain
other insecticides) to bark beetles has been established (Lyon, 1971;
Smith, Trostle and McCambridge, 1977). However, lindane's operational
efficacy has been challenged (Dahlsten, 1976), and suspected environ-
mental side effects have resulted in a rebuttable presumption against
reregistretion by the U. S. Envirommental Protection Agency. Should
reregistration be denied or failures prove widespread, possible alterna-

tives to lindane include carbaryl and chlorpyrifos (Lyon, 1971; Smith
et al., 1977).

Concern that spiash and drift of bark beetle sprays disrupt the
soil arthropod community directly under sprayed trees resulted in a
cooperative research agreement between the U.S. Forest Service and the
University of California. The ultimate concern is that a change in the
arthropod community will affect litter decomposition and nutrient re-
cycling. Although the importance of microarthropods in litter decom-
position is not well understood, Harding and Stuttard (1974) concluded
that it is greatest in pioneer and mor soils. The microarthropods
disintegrate litter, which increases the surfoce area for fungal attack,

and they mix the organic and mineral components of the soill (Edwards,
Reichle and Crossley, 1977).

The scudy of lindane began in 1978 in a mature pine plantaticm
(Pinus ponderosa Lawson), and a comparison of the effects of lindan:,
carbaryl and chlorpyrifos was initiated in 1979 in a stand of nature
ponderosa pine forest.

METHODS

The initisl study of lindane was started in 1978 at the U. S.
Forest Service Institute of Forest Genetics, Placerville, California at
800 m elevation. Plots 3 m in diameter were sprayed with lindane at
either of two rates, 1.13 g/m2 or 11.3 g/m?. The latter rate was 10
times the base rate which one might expect under a tree to which lindane
carefully and legally was applied. The higher —ate was to 2nsure an
effect and to simulate an over~-zealous application. Spray plot application
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rates were established on the assumption that 10 percent of the volume
applied to a tree fell as splash or drift, and that 80 percent of that
fell within 1.5 m of the center of the Lree. Residue analyses of soil
under treated trees coufirmed the model.

One day priur to spray plot treatment and at 3, 9, 21, 45, 93,
141, and 381 days post-treatment soll cores were taken fiom the 11
replicates of each treatment. During 1978 2 cores 32 cm x 7.6 cm deep
were taken from each plot, however the last samples (at 381 days) were
20 cm? x 5.1 cm deep, 3 per plot. B&Extraction of the arthropods over a
4 day period followed Price's method (1973). All data analysis was of
composite data from each plot,

In 1979 the following treatments were randomly assigned to 49
plots in the Challenge Lxperimental Forest, Challenge, California:
chlorpyrifos at 5.22 g/m?, 6 plots; chlorpyrifos at 26.1 g/mZ, 6 plots;
lindane at 1.57 g/m2, 6 plots; lindane at 7.83 g/m2, G plots; carbaryl
at 5.22 g/m2, 6 plots; carbaryl at 26.1 g/x2, 6 plots and 13 controls.
These application rates were based on refined estimates of residues under
treas treated in routine opﬁfatiana.

Statistical analyses werz analysis of variance following Little and
Hills (1978), the Games and Howell t-modification (Keselman and Rogan,
1978) and Kendall's tau following Ghent (1063).

I would like to acknowledge the taxonowic services of Drs. Roy A.
Norton and Douglas W. Price and Ms. Barbara Wilson for identifications
of the Cryptostigmata, Prostigmata and Mesostigmata, and Collembola,
respectively. Drs. Michael 1. Haverty and C. J. DeMars gave me helpful
suggestions during the preparation of this paper. Funding for the re-
search was provided by the U, S. Forest Service, Cooperative Research
Agreement FS-PSW #50 and #68.

RESULTS

For the sake of clarity, only pretreatment and 45, 141 and 381
post-treatment data will be presented, and that as a percentage reduc-
tion below concurrent controls. Furthermore, only those taxa that were
well represented will be discussed.

The general effects of lirndane applied in the pine plantation can
be seen in Table 1. The Collembola were reduced to a highly significant
degree under the high application rate after 14l days and at both the
high and low rate 38l days after application. Contreriwise, the
Prostigmata were reduced to a highly significant degree after 45 days
at hoth rates, showed strong signs of recovery after 14l days, and were
very abundant 38l days post-treatment where the high rate was used. The
Mesostigmata showed moderate (but not significant) reductions prior to
381 days, at which time there was an increase over control numbers in the
low rate plots and a highly significant reduction in the high rate plots.
The Cryptostigmata were reduced during all three periods, either
significantly or highly significantly in all tut one case. The category




TABLE 1. Percent reduction (increase) of arthropud groups following
application of lindane at two spray treatment rates, ll plots/treatment

45 days 141 days 381 days

1.13 11.3 1.13 11.3 1,13 11.3

g/m? g/m? g/m? g/m2 g/m? g/m?
Collembola 53 47 20 822/ g 9
Prostigmata 40 52 12 23 23 (204)
Mesostigmata 38 53 25 57 (56) 85
Cryptostigmata 52 87 34 79 62 83
Others 16 25 38 89 44 70

al Double underlining indicates statistical significance at the 1% level
(sin%Ie ?nderlining, the 5Z level) following transformation of counts to
log (N+1).

which included all other arthropods showed the greatest effec.s after
141 days, but wich a strizing effect at the high rate even at 381 days.

The Collembola, most abundantly represented by the Entomobryidae
and the Onychiuridae, showed a2 wide range of responses to lindane. The
dramatic and lasting reduction of the Entomobryidae and the erratic re-
ductions of the Onychiuridae, as well as the effects on other families
as illustrated by Table 2.

The effects of lindane on the Prostigmate are given in Table 3 by
families. The first five families show the most dramatic effects. All
but the Tydeidae were severely reduced. The very abundant Tydeidae were
eventually overabundant by 241 percent.

The Cryptostigmata offer the greatest opportunity to see the
effects of lindane on the community as a whole. With 10 species (see
Table 4) abuandant enough for analysis of variance, a wide variety of
responses were found. Aphclacarus acarinus (Berlese) and Ecbrachv-
chthonius sp. were severely affected. A progcessive reduction was
evidenced by Sphaerochthonius sp. and Eramaeus sp. However, Schelori-
bates sp. seemed to rabound from a slight initial reduction to over—
abundance. Overall, after 381 days, all but Scheloribates sp. were
greatly reduced at the high rate and most were greacly reduced st the low
rate.

Three quantitative measures of community structure were applied to
the cryptostigmatid data; 1) mean number of species per plot, 2) the
complemented Simpson's Iindex, 3) Kendall's tau. Ths latter statistic is
a rank correlation method advocated by Ghent (1963), but seldom used.

It has the advantage that paired data are used, thereby preserving
informaticn content lost by the more widely used Simpson's index or the
information theory indices.

”
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TABLE 2. Percent reduction (increase) of Collembola following
application of lindane at two spray treatment rates, ll plots/treatment

45 days 141 days 381 days

1.13 11.3 1.13 11.3 1.13 11.3
g/m2  g/m2 g/m? g/m? g/m?2  gfm?
Entomobryidae ll;-/ 9 86 100 n 99
Isotomidae 70 41 50 96 35 88
Onychiuridae 15 39 (57) 43 83 97
Poduridae 28 16 33 74 77 63

a/ Double underlining indica’es statistical significance at the 1% level

(single underlining, the 5Z laevel) following transformation of counts to
log (1).

TABLE 3. Percent reduction (increase) of Prostigmata following
application of lindane at two spray treatment rates, 1l plots/treatment

45 days 141 days 381 days
1.13 11.3 1.13 11.3 1.13 11.3

g/m2 g/m2 g/m? g/m? g/m2 g/m?
Nanorthestidae 82 100 871 100 86 97
Eupodidae =9£ _8=6 8_9 2 9=6 100
Tydeidae 30 54 () 2 24 (241)
Bdellidae 81 97 - - 66 96

= == o —
Cunaxidae 1 200 85 100 S 100
Cryptgnathidae 45 4 {3) 41 81 21
Raphignathidae 37 94 46 76 38 22
Caligonellidae 16 62 34 70 36 53
Stigmaeidae k1] (22) (25) (260) 30 25
a/

=’ Double underlining indicates statistical significance at the 12 level

(single underlining, the 5% level) following transformation of counts to
log (1),
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TABLE 4. Percent reduction (increase) of Cryptostigmata following
application of lindane at two spray treatment rates, ll plots/treatment

45 days 141 days 381 days
1.13 11.3 1.132 11.3 1.13 11.3
g/m? g/m2 g/m g/m2 g/m? g/m2
Aphelacarus a/
acarinus 79~ 99 97 9 97 99
i ———— _— L — ] i —3 —— —— I ———3
Sphaeroch-
thonius sp. 6 12 25 71 73 a5
Eobrachy-
thonius sp. 96 57 - - 95 100
Epldamaeus sp. (117) 60 38 2; 65 zg
Eramaeus sp. 64 84 75 99 89 100
T ————— — L — ——
E. stiktos 58 91 - - 51 94
LS. 8tiktos 2= 24
Autogpeta sp. 56 38 54 87 52 98
Opieila nova (200) 66 9 33 9 78
Schelori~
bates sp. 36 49 (108) 45 (172) (160)
Zachvatkini-
bates sp. 92 98 81 100 - -
a/

Double underlining indicates statistical significance at the 1% level
(single underlining, the 5% level) following transformation of counts to
108 (N"'l) .

Pretreatment samples provide data on species richness and hetero-
genelty as well as do concurrent controls (Table 5). A slight decline
occurred in mean number of species per plot in the low rate plots, and a
sharp decline in the high rate plots. Species diversity as measured by
Simpson's index was very uniform prior to spray treatment, and was
slightly depressed in the control plots at 141 days (late summer). At
the low rate Simpsoa's index changed very little until the 381 day
sampling. However, at the high rate there was a steady decline throughout
the post-treatment sampling.

Rank correlation of the abundances of the cryptostigmatid species
between controls and the two spray treatments are given in the last two
columns of Table 5. Note the difference in the two statistics prior to
spraying. Thare was a relatively slight decline in the correlation 1in
the comparison with low rate plots and a dramatic decline in the high
rate plots.

(2]
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h TABLE 5. Cryptostigmatid species richness, heterogeneity and species rank correlation arranged
according to four sampling periods and three treatments
Richness Heterogeneity Rank Correlation
(Mean species per plot) (Complemented Simpson's) (Kendall's tau)
Control Control
1, 13 11.3Z 1.132 11.32 vs, ve. ,
Control g/m g/m Control g/m g/m 1.13 g/m 11.3 g/m
1 day pre-treatment  10.5 10.7 9.5 86 .8 .8 .66 162/
45 days post-treatment 12.8 11,6 8_.2_5, .87 .82 .69 .57 .33
141 days post -treatment 11,6 9.6 4.4 W73 73 .51 .61 47
| 381 days post-treatment 11.6 8.5 gg .89 .28 .28 .46 .26
8/ Double underlining indicates statistical significance at the 1% level (single underlining, the 5%
level) follow:lng transformation of counts to log (N+l).

b/ Fiducial 1limits not set,




Comparison of the effects of lindane, carbaryl and chlorpyrifos on
soil arthropods un’'er pine is in progress in a mature forest setting.
The fauna is more diverse than in the plantation study described above,
but the abundances of giren species are lower. Table 6 reflects this
situation, for in it are listed only the 6 cryptustigmatid species that
were abundant enough for analysi: of variance. After 40 days it appears
that chlorpyrifos had a relatively slight effect, that lindane had a
strong negative effect and carbaryl had a mixed, but often positive
effect. At the same time chlorpyrifos had strong and statistically
significant effect on the miscellaneous arthropods and the prostigmata
as a group, while neither lindane nor carbaryl had a significant effect.
Much of the effect on the Prostigmata was the regult of the sensitivity
of the Tydeidae. The Mexostigmata were surprislngly rare during this
timel

DISCUSSION

Years may pass before soil fertility problems resulting from
persistent pesticides use in forests become evident as was pointed out

by Thompson and Edwards (1974). That is the underlying thought for thig
discussion.

Interpretation of a body of data arranged by taxonomic categories
should not be done line by line. Nor should the traditional 5% level of
significance be rigidly imposed on data from species that are notorious
for contagious distributions, data transformation notwithstanding.

Comparison between the lindane experiment and the Chlorpyrifos—
lindane~carbaryl experiment is probably justified despite 7.6 cm core
depths in one, and 5.1 cm depths in the other. However, the single
point in time and reduced replication in the second experiment prevent
that data from standing alone.

Lindane effects

A long-term effect by lindane on all major groups is evident.
Therefore, annual applications of lindane for bark beetles would certainly
cause a continuous depression in the numbers of most species, and * hey
would probably have a cumulative effect.

The contrasting effects of the two application rates on the
Prostigmata, £or which the Tydeidae hold the statistical explanation,
mos: likely has a biological explamnation in the Mesostigmata data. The
average density of mesostigs increased in the low rate plots after a
year had gone by, but density was still declining in the high rate plots.
Although all of the mesostig data were sparse, there was a strong sugges—
tion of a phytoselid explosion relative to earlier levels, A differen-
tial effect of lindane on predaceous mesostigs seems tc explain the
tydeid numbers.

The ongoing and increasing effect on the Collembola seems quite
straightforward. Family differences through time could be explained by

(44
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TABLE 6. Percent reduction (increase) of Cryptostigmata 40 days
following applicacion of three materiale at two rates each, 13 control

rlots, 6 each of spray treatment

chlorpyrifos
5.22 26.1
g/n2  g/nm?
Joshuella sp. 19 43
Eramaeus Sp. 38 65
Carabodes sp. (149) 52
Scheloribates sp. 1 42 34
Scheloribates sp. 2 5/ 81
Neoribates sp. 14 40
Total 30 63
Cryptostigmata
78

—_lindane carbaryl
1.57 7.83 5.22 26.1
g/m? g/n? g/m2 g/m2
80 79 64 (176)
90 100 61 41
100 44 94 71
65 57 6 (239)
89 8 (121) 63
84 96 (314)  (218)
82 85 16 (153)



1) downward movement of residues, 2) seasonal movement of the collem-

bolans, 3) community dynamics. T would expect that a combination of the
last two is most likely.

Quancitative analysis oi community structure, as affected by
lindane, wcs limited to the cryptostig component of the soil community.
For the cryptostigs there was greater depth of data and identification
to species. "Direct species counts, while lacking theoretical elegance,
provide one of the simplest, most pracrical, and most objective measures
of species richness" (Peet, 1974). Using that measure 1 found very
slight differences in counts among the plots before treatment and
declines in richmess at both spray treai rates throughout the astudy,
whereas the index remained high in the concurrent contrcl plots.

Simpson's index, as opposed to thaz Shanuon index and others based
on information theory, is most sensitive to changes in the abundant
species (Peet, 1974). I have made the conservative assumption that the
more abundant cryptostigs are more important to community structure and
fertility than the uncommon species. With one exception, Simpson's
ind-... ranged from 0.86 to 0.89 in the pre-treatment and concurrent control
plots. At 381 days both spray rates had aa index of 0.28 pointing to a
long-term decline of population heterogeneity following lindane
application.

Rank correlation of the abundances of species praserves information
content by keeping specles names associated with items in the frequency
distributions from each treatmert. This is done by nelther the Shannon
index nor Simpson's index. The overall trend of correlations was a
decline over time. The significance of the slight upturn for both
application rates at the 141 day polnt is uncertain. It may reflect a
greater sensitivity or some aspect of community structure not measured
by Simpson's index. However, by this meas.re tlere is also a change in
community structure.

Chlorpyrifos and carbaryl effects

The effect of chlorpyrifos and carparyl oa the cryptostigs 40 days
after application are quite different from each other, and from Jindane
(Table 6). Chlorpyrifos seems to have a limited negative effect, and
carbaryl a very mixed effect. The greater number of positive effects
and only moderate negative effects caused by the high application rate
of carbaryl than caused by the lower rate, suggest that there may be a
general increase of prey because of predator mortality. Yet the slow
reproductive cycle of the cryptostigs would require fortuitious timing
of the applications for this tn show up in just 40 days. Until the fall
season's collections are in this question will be left unresolved.

CONCLUSIONS

Lindane residues had a pronounced, lasting and increasing effect on
the soil fauna through 381 days. The effects include changes in total
numbers and in the community struc:ture. The two alternate materiale,
chlorpyritos and carbaryl, have very different effects on the dominant
group, the cryptostigmata,at 40 iys post-treatment.
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QUESTIONS and COMMENTS

G. BENGTSSON: Using diversity indicies, e.g. Simpson's
for describing changes in species composition (number,
diversity) might be obscured by changes in evenness which ths
indicies have not keen developed to describe. Fitting data
to models for species abundance distribution is another de-
ductive method. Why do you p-z2fer to use indicies in tnis work?

J.B. BOY: I chose Simpson's index because it emphasizes
the more abundant species and Kendall's rank correlation method
because it retains information content lost by the other
methods. Should there be inversions in the ranks Kendall's
tau will detect changes missed by the index. I cannot discuss
the fine points of the Shannon index, but have relied on Peet's
(1974) review.

P. GOUILD: Were any of the increases in abundances sig-
nificant statistically?

J.B. HOY: Only the tydeids. They increased by 241%, a
figure that was significant at the 5% level.
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EFFECTS OF CARBOFURAN ON THE SOIL
MICROARTHROPOD COMMUNITY IN A CORNFIELD

*A. B. Broadbent and *"A. D. Tomlin

“Unrversity of Guelph
=*Agriculture Canada
Canada

INTRODUCTION

Carbofuran, a carbamate insecticide, was introduced in 1967 by
the Niagara Chemical Division, F.M.C., under the trade name Furadan(R),
Granular carbofuran, applied in-row at corn planting, is used
extensively in Ontario for control of the northern corn rootworm,
Diabrotica longicornis (Say).

Although the acute toxic effects of carbofuran to earthworms
have been well documented (Stenersen, Gilman and Vardanis 1973; Tomlin
and Gore 1974), its effect on the beneficial soi1l microarthropod
community is not well understood. The important role of these micro-
arthropods in the decomposition prccess of organic matter has been
reviewea by Edwards, Reichle and Crossley {1970) and Edwards (1974).
Any agricultural practice, including the use of insecticides, which
interfeves with the composition of the decomposer community or shifts
its component nopulations' equilibria may result in reduced litter
decomposition which could affect soil fertility.

Thorpson and Edwards (1974) have reviewed the effects of pesti-
cides on non-target soil fauna. Martin (1978) has reported the
effect of carvofuran (2.24 kg «.i./ha) on soil arthropods when applied
as grantles to the surface of a New Zealand pasture.

As part of a stuly to determine the effect of carbofuran on the
decomposer community, soil cores were taken in a cornfield and the
resident microarthropods analyzed in the laboratory for population
differences due to carbofuran treatment.

MATFRIALS AND METHOULS

The experimental site was a plot {120 x 40 m) of sandy loam soil
in a 12 ha field of continuous corn under regular tillaye and management
at the Arkell Research Station, near Guelph, Ontario. Soil cores (5 cm
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diam.x 15 cm deep) were taken randomly from within the rows of a
carbofuran 10 G row-treated (1.12 kg a.i./ha, the recommended rate in
Ontario) and a control plot in the cornfield. In 1977, 10 soil cores
per treatment were taken at 4, 16 and 24 weeks after planting/treatment
day (May 10); in 1978, 12 cores per treatment were taken at 2 weeks
pre-treatment, at treatment day (May 23), and at 2, 6, 10, 14, 18 and
22 weeks post-treatment.

Microarthropods in the svil cores were extracted in the laboratory
by modified Tullgren funnels as described by Tomlin (1977). Extraction
was completed in 72 hours with the animals being collected in glycerol:
ethanol :water (5:70:25). The arthropods were subsequently counted and
identified to family level for Collembola and suborder for Acari, using
a dissecting microscope. The numbers of specimens for each of these
major taxa from treated and control plot cores were subjected to anialysis
of variance for each sampling date. Logarithmic transformation of the
data was used to stabilize the high variance due to contagious distri-
butions of most of these arthropods.

RESULTS AND D1SCUSSION

The proportiors of the component populations of the soil arthropod
fauna in the cornfield during the growing season are shown for 1977
(FIGURE 1) and 1978 (FIGURE 2). More than 90% of the arthropods recovered
from each sampling date were mites and springtails. The predominant
genera of Acari and Collembola identified from the cornfield are listed
in TABLE 1. ‘

TABLES 2-7 (Appendix A) sumearize the effects of carbofuran on
various components of the soil arthroped fauna on successive sampling
dates in 1977 and 1978.

Differences between the control and treated cores were not consistent
over the sampling period or between years. The total number of a:thropods
per core differed significantly (P<0.01) on only one sampling date in
1977 (9 June, 4 weeks post-treatment) and one date in 1978 (25 October,

22 weeks post-treatment). On both these dates the number of arthropods
in the treatcd plot was approximately twice the size of that in the
control.

The myriapods, predominantly pauropods, symphylids, and dipiopods
comprised consistently less than 10% of the total arthroped population,
typically 2 to 5 per core except on September 1, 1978 when 12 per core
were recorded for the control plot. On that date the mean number of
pauropods per core in the control was 4.5 times greater than in the treated
plot.
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TABLE 1. The major families and genera of Acari and Collembola
recovered {row the Arkell cornfield soil.

ACARI

——

PROSTIGMATA

MESOSTIGMATA

CRYPTOSTIGMATA

ASTIGMATA

COL LEMBOLA

FAMILY

Pygmephoridae
Tarsonemidae
Scutacaridae
Nanorchestidae
Tydeidae
Eupodidae

Ascidae
Ascidae
Rhodacaridae
Digamasellidae
Laelapidae
Parasitidae

Oribatulidae
Oribatulidae
Oppiidae
Oppiidae
Tectocephidae

Acaridae
Acaridae

Isotomidae
Isotomidae
Isotomidae
Entomobryidae
Entomobryidae
Onychiuridae

GENUS

Bakexrdania
Tarsonemus
Scutacarus
Spelsorchestes
T!geus

Eupodes

Arctoseius
Protogamasellus
Rhodacarel lus
Dendrolaelans

Hypoaspis

Pergamasus

Scheloribates

Zygoribatula
Oppia
Oppiella
Tectocephetts

Acarus
Rhizoglyghus

Isotoma notabilis Schaffer
Proisotoma minuta (Tullberg)
Folsomides parvus Folsom
Lepidocyrtus cyaneus Tullberg
Pseudosinella sp.

Onychiurus armatus(Tullberg)

The pterygote insects, mainly larvae of Diptera and Coleoptera,
Wwere consistently less than 4% of the total arthropod populaticn

(1 to 2 per core).

No differences due to treatment were observed,

particularly as no corn rootworm population was found in the cormfield.

The major differences observed between the control and treated plots
involved the Acari-ind Collembola; the most obvious difference was the
larger prostigmatid mite pcpulation in the treated plot. This increase
was made up largely from the mitc Bakerdania sp. (Pygmephoridae) which
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occurred in consistently higher numbers after carbofuran treatment
(at 4 weeks in 1977 and 2 and 6 wecks post--treatment in 1978). By
16 and 18 weeks post-treatment, in 1977 and 1978 respectively, this
mite had shown a significant (P<0.0%) deciine in population in the
treated compared to the concrol plot.

The mesostigmatid mites (predominantly predacious) showed a
significant decline (P<0.05) in both yeaurs following carbofuran treat-
ment, while the largely saprophagous cryptostigmatid mites showed a
significant seasonal increase after treatment in both jears. The
astigmatid mites were present in very lov numbers (1 to 3 per core).

Among the collemvolan families, the Isutomidae and Entonmobryidae
frequently showed an irverse relationship with esch other, such that
after carbofuran treatment the isotomi: population decreased while the
entomobryid population increased. The onychiurid population initially
was small, but by 18 weeks post-tr:zatment in 1978, it had increased and
was significantly (P<0.01) greater in the treated than in the control
plot. An interesting observation at .2 weeks post-treaiment (1978)
was the significant (P<0.01) increase in the populations ot the
Isotomidae and Entomobryidae in the treated plot. The families,
Paduridae and Sminthuridae were rec~rded at very low densities of less
than one pe:r (ore.

Most or the population changes cbserved following carbofuran treat-
7.nt agree with those of Martin (1978). He moted significant increases,
at 7 weeks after carbofuran treatment, in certain Prostigmata (Pygme-
phoridae, Scutacaridae, Tarsonemidae: JXenotarsoneumus, all P<0.01) and
Cryptostigmata (Oribatulidae: Multoribates., P<0.05). A significant
decrease in population of 2 species of Mesostigmata (Ascidae: Arctoseius,
Veigaiidae: Veigaia, both P<0.01) was also found at 7 weeks post-
treatment. Among the Collembola present, Martin records a significant
increase (P<0.05) in one isotomid (Isotomurus sp.) at 20 weeks post-
treatment. Our initial decline in the isotomid population agrees with
Tomlin (1975) who found carbofuran tc be very toxic to Folsoumia candida
(Isotomidae) ir a laboratory study.

A predator-prey relationship is suggested by our results, since it
is hypothesized that the saprophagous Prostigmata and Cryptostigsata
increase as a result of the decline in predacious Mesostigmata. Predatory
mites with greater mobility and metabolic rate are more susceptible
to insecticides than saprophagous mites (Edwards 1965). Also, since -
carbofuran has been shown to be very toxic to earthworms (Stenersen et al.
1973), the hypothesis of Martin (1978) warrants further investigation,
that the precence of a large biomass of dead earthworms plus xll the food
in the soil not consumed by these worms could account for high populations
of detritivorous mite and springtail species after treatment.
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Martin roted that nearly all the species most affected bv ..rhofuran
inhabit the litter and surface layers c¢f the soil. Future :tudies should
include divicion of the soil core into horizons before exiraction and
analysis, as well as study of carbofuran penetration into the soil.

CONCLUSIONS

The ovarall results of this soil microarthropod survey zre difficult
to interpret. Although fluctuations in various component populations
were observed due to treatment there is no substantial reduction in the
total fauna or its composition by autumn. Mcre drastic population
fluctuations can be expected from the eff2cts of cultivation and the
addition of c¢rganic manure (Edwards and Lofty 1969). It is therefore
concluded thst at current approved applicaticn rates, carbofuran had ro
observable leng term detrimental effects on the microarthropod decompaser
community. Hence, it is considexrcd unlikely that a significant effect
on litter decomposition in the cornfield soil occurred.
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APPENDIX A

TARLE 2- Mean number of major arthropod taxa per soil core [(n=10j
in a carbofura» treated (T)(May 5) and control (C)
plot of Arkell cornfield 1977

Weeks Post-treatment

4 16 24
(9.6.77) (2.9.77) (28.10.77)
C T c T C T
TOTAL
ARTHROPODS 69.1 131.4** 84.5 53.5 52.5 67.1
ACART 39.6 111.4* 48,7 22.4* 21.8 21.1
COLLEMBOLA 25.6 16.4 31.9 27.9 25.9 39.9
MYRIAPODA 2.1 2.1 2.4 2.0 3.2 4.7
INSECTA 1.8 1.5 1.5 1.2 1.6 1.4

Significant difference * P<0.05; ** P<0.01

TABLE 3. Mean number of Acari per soil co.e (n=10) in 1 carbofuran
treated (T)(May 5) and control (C)
plot of Arkell cornfield 1977

Weeks Post-treatment

4 16 24
(9.6.77) (2.9.77) (28.10.77)
C T C T c T
ACARI 39.6 111.4* 48.7 22.4* 21.8 21.1
PROSTIGMATA ° 27.2 104.8** 33.6 14.5* 12.9 10.7
MESCSTIGMATA  11.7 4.5* 10.1 3.4%* 4.9 4.9
ASTIGMATA 0.7 0.8 2.9 1.5 3.0 2.7
CRYPTOSTIGMATA 0 1.3%* 2.1 3.0 1.0 2.8

Significant difference - * P<0.05; ** P<0.01



TABLE 4. Mean number of Collembola per soil core {(n=10) in a carbofuran
treated (T)(May 5) and control (C)
plot of Arkell cornfield 1977

Weeks Post-treatment

4 16 24

(9.6.77) (2.9.77) (28.10.77)

C T C T c T
COLLEMBOLA 25.6 16.4 31.9 27.9 25.9 39.9
ISOTOMIDAE 10.0 1,.7%* 13.2 7.1 12.9 24.2
ENTOMOBRYIDAE 8.5 9.2 11.6 15.4 10.5 11.3
ONYCHIURIDAE 6.0 5.4 6.1 4.% 1.9 3.9
SMINTHURIDAE 0.8 0 0.7 0.6 0.5 0.5

PODURIDAE 0.3 0.1 0.3 0 0.1 0

Significant difference - ** P<U.0l



Mean number of major arthropod taxa per soil core (n-12) in carbofuran treated (T)(May 23) and

TABLE 5
control (C) plot of Arkell cornfield 1978.
Weeks Post-treatment
2 6 10 14 18 22

(9.6.78) (6.7.78) (3.8.78) (1.9.78) (28.9.78) (25.10.78)

C T C T C T C T C T C T
TOTAL
ARTHROPODS 100.0 105.2 133.7 127.3 145.1 155.7 186.2 198.8 118.1 99.9 73.4 146.7**
ACARI 65.5 82.4 95.4 110.7 116.2 116.7 136.2 158.5 70.7 50.9 39.4 64.2¢
CNLLEMBOLA 28.0 17.6 30.8 10.8* 19.7 33.4 32.0 33.6 40.0 42.8 30.7 77.4%*
MYRIAPODA 2.5 1.8 2.4 1.3 5.2 2.7 12.4 3.7 4.8 4.6 1.9 4.2
INSECTA 3.9 3.4 5.1 4.5 4.0 2.9 5.6 3.0 2.6 1.6 1.4 0.9

Significant difference - * P<0.0S; ** P<0.01
TABLE 6. Mean number of Acari per soil core (r=12) in carbofuran treated (T)(May 23) and
control (C) plot of Arkell cornfield 1978.
Weeks Posti-treatment
2 6 1u 14 18 22
(9.6.78) (6.7.78) (3.8.78) (1.9.78) (28.9.78) (25.10.78)
C T C T C T C H C T C T
ACARI 65.6 82.4 $5.4 110.7 116,2 116.7 136.2 158.5 70.7 50.9 39.4 64.2¢

PROSTIGMATA 49.8 73.2 49.6 74.7 76.7 78.7 113.4 127.9 57.4 32.6* 28.2 41,3
MESOSTIGMATA 13.0 6.2* 33.6 26.5 37.9 30.0 17.8 16.9 10.0 3.5* £.€ 5.0
ASTIGMATA 2.4 2.1 0.3 2.7 0.8 1.3 2.4 1.4 1.2 0.5 1.4 2.8
CRYPTOSTIGMATA 0.4 0.9 1.9 6.8* 0.8 6.7** 2.6 12.3 2.1 14.3* 3.3 15,1+

Sigrificant difference - * P<0.05; ** 0.0l
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TABLE 7. Mean number of Collembola per soil core (n=12) in carbofuran treated (T)(May 23) and
control (C) plot of Arkell cornfield 1978

Weeks Post-treatment

2 6 10 14 18 22
79.6.78) (6.7.78) (3.8.78) . (1.9.78) (28.9.78) (25.10.78)
C T c T c T c T c T c T
COLLEMBOLA 8.0 17.6 30.8 10.38% 19.7 33.4 32.0 33.6 40.0 42.8 30.7 77.4**
ISOTOMIDAE 21.2 7.8 8.2 5.1* 10.4 6.9 9.8 8.2 13.1 6.4 7.9 24.8*
ENTOMOBRYIDAE 3.8 6.9 3.4 3.7 4.6 21.2* 10.4 15.4 17.7 15.9 9.2 30.2%*
ONYCHIURIDAE 2.0 2.1 7.2 2.0 4.5 5.3 11.2  10.0 8.8 20.2** 12.9 21.3
SMINTHURIDAE 0.5 0.7 0.1 0 0 0 0 0 0.2 0.3 0.6 1.0
PODURIDAE 0.5 ni 1.9 0 0.2 0 0.6 0 0.2 O© 0.1 0.1

Significant difference - * P<0.05; ** P<0.01

. e e G



a e — e T e T T T - -

LITERATURE CITED

Edwards, C. A. 1965. Effects of pesticide residues on soil invertebrates
and plants. Fifth Symp. Brit. Ecol. Soc. pp. 239-261. Ecology
and the Industrial Society. Oxford: Blackwell.

Edwards, C. A. 1974. Macroarthropods. Pages 533-554 in C. H. Dickinson
and G. .J. F. Pugh (Eds.), Biology of Plant Litter Decomposition.
Academic Press, London.

Edwards, C. A. and J. R. Lofty. 1969. The influence of agricultural
practice on soil micro-arthropod populations. Systematics Association
Publication No. £, The Soil Ecosystem. pp. 257-247.

Edwards, C. A., D. E. Reichle and D. A, (Crossley, Jr. 1970. The role
of soil invertebrates in turnover of organic matter and nutrients.
Pages 147-172 in D. E. Reichle (Ed.), Ecological Studies, Analysis
and Synthesis Vol. 1. Springer-Verlag, Berlin.

Martin, N. A. 1978. Effect of four insecticides on the pasture eco-
system. VI. Arthropoda dry heat-extracted from small soil cores,
and conclusions. N.Z. Journal of Agricultural Research 21: 307-319.

Stenersen, J., A. Gilman and A. Vardanis. 1973. Carbofuran: its
toxicity to and metabolism by earthworm (Lumbricus terrestris).

J. Agr. Food Chem. 21(2): 166-171.

Thompson, A. R. and C. A. Edwards. 1974. Effects of pesticides on
nontarget invertebrates in freshwater and soil. Pages 341-386 in
W. D. Guenzi (Ed.), Pesticides in Soil and Water. Soil Sci. Soc.

Am. Inc., Madison, Wisconsin.

Tomlin, A. D. 1975. Toxicity of soil afiplications of insecticides to
three species of springtails (Collembola) under laboratory conditions.
Can. Ent. 107: 769-774.

Tomlin, A. D. 1977. Pipeline construction- impact on soil, micro- and
mesofauna (Arthropoda and Annelida) in Ontario. Proc. Ent. Soc.

Ont. 108: 13-17

Tomlin, A. D. and F. L. Gore. 1974. Effects of six insecticides and a
fungicide on the numbers and biomass of earthworms in pasture.
Bull. Environ. Contam. Tox. 12(4): 487-492,

QUESTIONS d COMMENTS

M.S. GHILAROV: How do you explain the increase of
some groups of microarthropods after the insecticide treatment?
In our experiments with DDT dusting of natural coniferous
forests in Siberia, the observed effect of a temporary de-
crease of collembolan population density followed by a great
increase in population was related to the suppression by
treatment of predators (Mesostigmata and Coleoptera).

A.B. BROADBENT: I can only hypothesize at this time.
Two reasonable explanations are: firstly, the suppression
of predators (particularly Mesostigmata) gave rise to an
increase in their prey (particularly Prostigmata and
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Collembola) and secondly, due to the very toxic effect of
carbofuran to earthworms, and therefore the presence of a
large biomass of dead worms, plus all the food in the soil
not consumed by these worms, a larger population of sapro-
phagous animals was suppovted. The latter hypothesis was
proposed by Martin (1978).

S.B. HILL: The speaker has concluded that because no
reduction in total fauna or its composition was observed
by autumn, therefore there were no long-term detrimental
effects on the microarthropod decomposer community due to
carbofuran *reatment. When in fact, an increase in pop-
u_ation of certain groups was observed 22 weeks post-
treatment in 1978, can it still be concluded that no detri-
mental effects on the community or its litter decomposition
processes occurred? As ecologists, we mustn't assume that
"more is better."” Would the speaker please comment.

A.B. BROADBENT: Since no reduction in the populations
of saprophagous animals, in particular, was observed by
late season, I have concluded that no long-term detrimental
effects on the community or litter decomposition processes
occurred after carbofuran treatment. This rather tentative
conclusion is supported by data from a litterbag study con-
ducted concurrently in the same plots. The rates of cornleaf
decomposition were monitored and we found that although a
lag in response was observed initially, by autumn no difference
in rate was noted between carbofuran treated and control plots.

C.A. EDWARDS: following mention by the speaker of the
effect of carbofuran on organic matter breakdown. I should
like to comment that Dr. J.F, McBrayer and I investigated
the effects of phorate on corn litter breakdown in an

Indiana field and found a significant depression in decompo-
sition rate afts:r creatment.
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INFLUENCE OF APPLICATION OF A FUNGICIDE, AN
INSECTICIDE, AND COMPOST UPON SOIL BIOTIC
COMMUNITY

Yuzo Kitazawa and Takashi Kitazawa

Usoerstty of Occupational and Eaveronmental Health
Japan

INTRODUCTION

Soil fauna and soll flora constitute soil biotic community or
edaphon. Herbivorous and fungivorous animals consume leaf and woody
litter, fungi and humus and eject large amount of fecal pellets giving
rise to the crumby structure of the soil. These bring about the break-
down of dead plant bodies, mixing of them with soil, increase and
ma’ntenance of porosity, aeration and water capacity of the <oill, which
are closely related to the increase and maintcnance of %:.-2 microbial
activity. Predation by microbivorous animals is related to che control
of micrcobial numbers and increase in net micrcbial production. Movement
of soil fauna facilitates the dissemination of bodies and spores of
microbes. Thus the soil fauna plays a catalytic role against microbial
activity and is related to the increase and maintenance of soil fertili-
ty.

The purpose of the present study is to pursue the changes in soil
fauna and soil microbes in the experimental field where insecticide,
fungicide and compost are supplied singly and in combination. This
study was made in joint research with Prof. Takai and his vroup cf the
University of Tokyo, who engaged in the subjects other tham soil fauna.

METHODS

Six kinds of experimental plots were set up in the experimental
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field of the Faculty of Agriculture of the University of Tokyo as shown
in TABLE 1. Grasses and herbs in the plots were removed. Compost, a

) A
TABLE 1. Experimental plots.
April 1973 May 1974
Year to to
March 1974 December 1977
A Control
Control B Compost 3 kg-m~2
Plots c IPN 40 ppm
BHC 10 ppm D YBHC 10 ppm
Aldrin 10 ppm E TEN 40 ppm + YBHC 10 ppm
F___Compost + TPN + YBHC (Same Conc.)

fungicide TPN (Daconil) amnd an insecticide ¥BHC were supplied singly or
mixed to the plots in the amounts shown in TABLE 1. The size of a soil
sample core for small Arthropoda was 20 cm? in suriace area, 5 cm deep
and 100 emd in volume. Ten of them were taken from each plot in 1974,
and in 1975 and afterwards five soil cores were taken from carefully
stirred 3500 cm3 of soil taken from five places im each plot. Extrac-
tion of animals with Tullgren funnels was continued for 48 hours. A
soll core for small hygrophilcus animals such as Enchytraeidae, Nematoda
and Rotjfera was (2.5 cm x 2.5 cm x 4 cm) = 25 emd in volume. Ten of
them were taken from each plot in 1974 and 1975 and afterwa.-ds five were
taken from zbove stirred soil. Extraction of animals with Baermann

funnels was continued for 48 hours.

The survey of soill macrofauna was made only once in 1977 at the
end of the period of experiment by hand sorting, because the area of
the experimental plot was so small that each survey may injure the plot
so much and cause the decrease in deneity and biomass which are detri-
mental for this study. Number of taxonomic groups (families and orders)
and of individuals of macro-herbivores and macro-predators in 40500 cm3
of soil in each plot were counted.
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RESULTS

Main taxonomic groups extracted were Cryptostigmata, other Aceri,
Collembola, Diplura, Enchytraeidae, Nematoda and Rotifera ({Bdelloidea).
Besides these, Diptera larva, Protura, Symphyla and Tardigrada often
apreared in small numbers. The numbers of these taxonomic groups were
smaller than those in the soil of forests in Tokyo. It was noticeable
that Pseudoscorpionida, Isopoda, Myriapoda, Copepoda and Turbellaria
vere lacking in the experimental plnts. Changes in numbers of extracted
animals are shown in APPENDIX A to F. Numbers of taxonomic groups and
those of individuals of macro-herbivores and macro-predators are shown
in TABLE 2. From the data shown in APPENDIX and TABLE 2, the following

TABLE 2. Number of taxonomic groups and individuals of
soil macrofauna. (Nov. 31 to Dec. 1, 1977)

A B c D E F
Control Compost TN ‘YBHC T-B C-T.B

Number of Macro-
taxonomic herbivores 4 1w 1 4 1 5

groups Macro-
predators 5 10 3 4 0 3

Totsl
macrofauna 10 22 4 8 1 8

Number of Macro-
indivi- herbivores 10 71 3 14 6 29

duals Macro-
predators 44 134 25 7 0 6

Total
macrofauna 55 207 28 21 6 35

results could be introduced.

Changes in numbers of small soil animals

Control plot (A)

Densit;es of soil animals of the control plot were lower than
those of the forest soils in Tokyo in general. Number of Nematoda was
about one tenth of that of the latter., But the patterns of seasonal
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changes in numbers are similar to those seen in natural soils of 1lokyo
districts. In the summer of 1975, the air temperature was unusually
high and the precipitation was small. The soil of the plot was very dry
and aumbers of soil animals reduced.

Compost plot (B

Numbers of all six main animal groups, namely Collembnla, Cryptn=-
stigmata, other Acari, Enchytraeidae, Nematoda and Rotifera increased

indicating marked influence of the supply of compost.

Fungicide plot (C)

After three years continuous supply of TPN, numbers of all of the
six main groups were diminished. Especlally remarkable was the diminu-

tion in hygrophilous animals as Enchytraeidae, Nematoda and Rotifera.

Insecticide plot (D)

Numbers nf Arthropoda, namely, Cryptostigmata, other Acari and
Collembola were reduced. But the insecticide effect of ¥BHC on Coll:zin-
bola seemed to disappear after six months from the time of supply.
Numbers of Enchytraeidae, Nematoda and Rotlifera did not decreas- but
increased though this tendencv war not clear in Nematoda in 1976.
According to the study of Yang and Takai, The amount of ¥BHC had re-
duced to 30 to 10 % after one.year from the supply to the soil.

TPN + ¥ BHC plot (E)
All of the animal groups were remarkably influenced by the
combined use of these fungicide and insecticide. Especially swall

Arch.ropoda were almost destructed by continuous combined supply. Ac-
cording to the study of Yang and Takai, the rate of decomposition of

TPN and 7 BHC was reduced in this plot. 1In this experimental plot, an
insecticide Aldrin was supplied in May 1973. A part of it changed to
Dieldrin, and 75 to 90 Z of them remained till one year later. It seems

that there was influence of thedse two compounds on decrease in animals.

Compost + TPN + Y RHC plot (F)
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In 1974, numbers of Collembola, Enchytraeidae, Nematoda and
Rotifera became larger than those in plot E, and in 1975 the same trend
was seen in Nematoda, Enchytraeidae and though less remarkable in Col-
lembola, suggesting the existence of funciion of compost to reduce the
detrimsntal effect of TPN and¥ BHC. But in 1976 this trend was seen
only in Nematoda. It seems that in this plot the derrimental effect
of three years combined use of TPN,¥ BHC and of Aldrin used in 1973
exceeded the easing effect of supply of compost.

Changes in numbers of so0il macrofauna

At the end of four vears experiment, numbers of taxonomic groups
of soll macrofauna was the largest in the compost plot, followed by the
control plot and the least in the combination plot of TPN aud Y BHC as
seen in TABLE 2. 1t is also noteworthy that the number in F plot ex-
ceeded that of the plot E and C, suggesting the easing effect of supply
of compost., Numbers of individuals of macrofauna was also the largest
in the compost plot, followed by the control plot, the least in the plot
of combimation of TPN and ¥BHC. And the number in F plot exceeded
that of E, C, and D. Thus the patterns of changes in numbers of Taxo-
aomic groups represeuting the degree of community diversity and of
individuals were almost the same.

DISCUSSION

The results of the experiments indicated that there were detri-
mental effects cf continuing and combined use of TPN and ¥BHC ageinst
all of the soil fauna, and that the supply of TPN generally redu._ed
numbers of small a.d large soil animals, ‘while the supply of ¥BHC did
not reduce the numbers of Enchytraeidae, VNematoda, Rotifera, but
increased them. The supply of compost increased all the groups of the
soil fauna concerned, and eased :he detrimental effect of the supply of
combined TPN and ¥YBHC to some extent. These general trends were already
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recognized in 1974, the first year of the period of this study, and some

discussions vere made (Kitezawa and Kitazawa '975).

The velation between changes in numbecs

of 501l fauna and those of microbes

The changes in numbers of microbes, soill respiration and dehydro-
genase activity in the soil of the same experimental plots were studied
(Takai and ‘ang 1975), (Takai 1977). The relations between changes in
numbers of soil "auna and those of soil microbes were taken into con-

sideratior. The results in soll microbes are summarized as follows:

Compost plot (B)

The supply of compost increased numbers of fungi, total bacteria
and gram-negat.ve bacteria to some extent, and also increasad rates of
sol) respiration and dehydrogenase activity of the soil.

TPN plot (C

The supply or TPN decreased numhers of fungi and spore-forming
bacteria, but increased numbers of total bacteria, especially remarka-
bly increased those vf TPN-resistant graw-negative bacteria. It de-

creased rates of soll respiration and dehydrogenase activity of the

soil.
7 BHC plot (D)

No marked influence of supply of r BHC upon numbers of miéfobes,
#0i.l respiration and dehydrogerase activity was recognized. However,
tl.e centinuous use of it increased numbers of gram-negative bacteria a
little.

TPN + yBHC plot (E)
The joint supply of TPN and ¥ BHC decreased numbers of fungi.

But it increased the number of tctal bacteria a little and increased

markedly that of gram-negative bacteria.

- ———— -
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Compost + TPN + YBHEC plot (F)

The joinc supply of compost, TPN and yBHC eased the decreasing
activity of TPN to the number of soil fungi and soil respiration rate,
and accerelated the increasing effect of TPN and f§BHC on the nembers of
total bacteria and gram-negative bacteria.

The relations among effects of compost, TPN, fBFT on numbers of
soil fauna, soil microbes and ratec of soill respiration and dehydro-
genase activity in the soill, were diagrammatically summarized in FIGURE
1.

More precise reports on microbes, microbial activity, decoupusi-

tion and residue of chenical compounds will be published soon by Takai,
Wada. Yang and Mukai.

SUMMARY

The effects of compost, a fungicide TPN, and an insecticide
YBHC, supplied singly or combined, on numbers of soil animals were
studied for four years, and the changes in them were discussed in rela-
tion to the changes in numbers of soil microbes, rate of soil respi-
ration and dehydrogenase activity in the soil which were studied in the
same experimental plots by Takai and others. The outline of the results
were diagrammatically summarized in FIGURE l.
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APPENDIX A. Numbers of small soil animals extracted with Tullgren

funnels. No./100 cm3 with S.E. Compost, fungicide and insecticide were
supplied on 15 and 16 May, 1974.

1974, 11MAY | 20MAY | 1JUNE | 1sJUNE| 15JULY | 195EPT.] 6DEC.
L Collembola

A | 88+20 |270+as 217436 | 73+12 | 8at16 |108+3e | 99437

B 8820 |193t24 [(258+t22 |204+33 | 11.2+21 (163423 | 180134

¢ l111x223| 671224 | 3st23 | 29408 17408 12403 | 104+26

D 35+1.35) 4.0+07 | 13+0c8 | o5+02 | 4&8+1s ast+1z | 208t42

E | 20%10s]| 26+09 0 0 20447 22408 | 106434

F 20%t105{ ° O 021013} 1.2t06 88::13 63435 | 36.2+a7
Cryptostigmata .

A | 63%11 | 15%05 | 25+07 | 17408 ! 15+0S |106+49 | 15+04

B | e3t11 17404 | 238+10 | 39409 ! asto2 |1s1i24 20407

c 2.0+15 | 13+0s L5404 | 12409 o103 | 12408 | o5+03

D 0. 0 o101 0 o1to1 0 0.5+03

E 0.1+01 01to01 0.5%+05 0 0 0 ]

F | aito: 0 01401 o 0 0 [
Other Acari

A ':09430 | astas | aBta7 | 29%as 21407 | 48%10 | 36+o0s

B [108+30 | 20+05 | e2t09 ; 45407 s0+a8 |135+15 | 28+a4

c 79+15 | 23tas | 16+04 | 15%to0s 14407 | 24t0e | adt04

D 0 ai+ar | e3io2 o 03+03 | a3to2 | o1tot

E 0s5+o03 02401 | o01to1 ° 0 e3t02 [ aitol

F 0s+03 | oite1l | oitan ° 02402 0 [
Diplura

A a3+a2 | o2+01 | a24a2 0 a2+01 ) o

3 0.3302 02%t01 al1to1 ] 02101 03t+02 [}

c a6+03 | oaito1 () 0 o a3te2 o

D 0 a1to1 () ° o 0 o

E o 0 o o o 0 o

F 0 o o o () 0 e
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APPENDIX B.

funnels.

No./25 cm? with S.E.
supplied on 15 and 16 May, 1974.

- e ———— s

Numbers of small soil animals extracted with Baermann
Compost, fungicide and imns:.cticide

were

1974| 11MAY | 20MAY | 1JUNE | 15JUNE | 15JuLy | 10SEPT. | sDEC.
Eachytraeidae
A | s2+08 | 12404 | 27408 | oe.:0z | 21+e6 | o9tos 0
B 52108 27+07 22305 1.8107 4.010.9 09106 0
c 32t10 1.310.6 07to03 08+04 a1t 02101 0
D 44108 34405 45107 7.24:27 88t14 23404 03102
E 39+1.1 16+07 1.6£05 28107 1.51+04 32+1.3 o1tol
F 39t11 14108 1.1+05 41415 38211 57414 1.i04
] Nematoda
A 39284 [114+140}448E73 |4531+40 327344 |846FL147]157 227
B |392+84 |658+69 [495+62 1506165 |397+43 |2281395)1941191
C |s53z2t9e4 }776+106]15191+904 |317+68 |138+S1 | 212147 | 4961196
D [315+44 |s61t94 |633t108|310+t24 |204+28 |428+52 ;11vutlos
E 242445 |957+1341280%50 (149440 [157+24 | 621F2312f525+131
i F 242+45 |23a0+42 |7461201]299+52 |442%61 547162 1261143
Rotifera
A 1.5+04 27+0.7 1.2304 0.240.1 0 09403 26408
B 1.5%+04 1.0+03 1.5+07 01+01 03102 16411 62+1.2
(o] o.1t01 01401 o ] 0 0 oito01
D 0.2+01 191497 1.9%+0.6 03102 az2tal 28107 61110
E 1.6+09 0.2to01 04to03 0 0 03t0.2 01t01
F 1.6309 0 0.4t02 c 0 0.6+03 26113
Tardi d
A 0 ] o1toil 6.2to0.: 0 0.2t01 ]
B o o o1to01 0.4t02 (] 0 0
(o 0 (] o.24a.1 o8to3 0 0 0.1t01
D o 0 ortol 0 4 0 0
E 0 0 0 0 0 0 0
F o 0 0.3+0.2 0 0 0.140.1 0
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APPZNDIX <.

funnels.

svm 3 vaeyw

No./100 cm with S.E.
suppliied on 7 May, 1975.

Ll NI TS SDLISC MENS oM ) Gt ol - mm—m e =

Numbers of small soil animals excracted with Tullgren
Compost, fungicide and insecticide wer=e

1975) 2may | 12may | eJuNE | 21JuLy | asepT. |  znow.

Collembola

A ¢2to04 1.61+0.5 a041.1 0.6+o02 ] 40107

B 16121 134131 723411 28410 o 1582+26

Cc 1.6t05 02192 02402 a o 72432

D 26t07 19105 14105 18108 0 126+16

E 0.6+04 1.010.3 ad+0.4 0.24-c.2 02+0.2 1.4t0s

F 7.0t10 12402 461406 14406 0.61+0.¢ 7.0%1.3
Cryptostigmata

A 7.2114 10.0t09 s4t0.7 12104 0.6t06 170132

B 124308 138t07 68+f1.8 astro 0 128+1.6

c 121402 0 6.2to0.2 08t06 ] 0.81+04

D o 0 o 0 o i2+o07

E 0 0.2to0.2 ] o 0 o

F 0 a.2+0.2 0 o o 0
Other Acari

A 26411 6.4t08 24415 1.210.8 441105 32+n6

B 68+t08 124121 114124 94420 10403 as8to9

c 22408 az2+09 1.010.6 0.610.2 ] 0.8+0.4

D 0.6+0.4 0.8to0e 1.2+ 04 16107 32404 38+1.6

E 0 0.2+02 0 04to2 0 0

F 1.2404 4] 0 02to02 201406 02ta02

ipluxa

A o 0.2+0.2 ] 0 o 0

B 0.81+0.6 02402 02402 (] o 0

c 0.2%0.2 o 0 0 0 0

D () 0 0 0 0 )]

E o ] o 0 0 0

F 0 0 ] 0 0 0
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APPENDIX D.
No./Z5 cm3 with S.E.

funnels.

e ——— e g . ——. = a———

supplied on 7 May, 1975.

Numbers of small svil animals extracted with Baermann
Compist, fungicide and insecticide were

197s] 2May | 12MAY | 9JUNE | 21JuLy | ssepm |  zNov.
nchylraeidae

A ] 0.4t02 0.61t04 0 o (]

B 02t0.2 0zt02 20tas 04104 0 a.8to4

c } 0 0 0 [\ 0

b} 0.410.2 02102 10108 0 0 0.2+0.2

E 0 0 02ta2 0 0 I 0

F 1.040.0 02+0.2 1.81+06 0 0 | os4x02
Nematoda

A 183+197 ) 114+277| 916%3a 1194117, 282+22 203194

B 8224404 | 3211291 3761226} 389+235( 1831181 | 478+535

o] 124186 144+220| 7061129 | 232+14 34104 322444

D 1811270 | 155+187| 790t105| t78+e7 760%6) 109+14.1

E 364140 4178%85s S46177 806455 150+4.4 950158

F 214%138 | 1724223 162f127 ssstaui 3374242 334152
Rotifera

A 1.310.6 20+0.7 40%1.1 a8to05 o4L014 38t1Ls

B 1.4%05 a0to06 90106 54409 08+0.4 7.0+15

c 0.2+02 ) 02402 o2+02 o )

D 20106 adt13 i4to8 26104 o04to2 28108

E 02402 ] 021402 0 o 32427

F 06to0.2 o6tos 0 0 0 22410 ]
Tardigr

A 0 0 0 0 0 02402

B 0 0 0 0 0 0

o] 0 0 o4t0.2 0 0 ]

D o ] ° 0 v2ta0.2 [

E 0 ] o 0 0 ]

F ] 0 ] 0 0 0
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APPENDIX E. Numbers_of small soil animals extracted with Tullgren
funnels. WNo./X00 =m” with S.E. Compost, fungicide and insecticide were
supplied on 15 May. 1976.

1976 10 MAY ] 26MAY | 1t JUNE ] 21 JULY | 12NOVYV.
Collembola ]
A 23.0+26 sd4t1s 232t42 64t13 6.010.6
B 260413 8.0t17 168f22 174423 315%4.0
c 346+1.0 08+0.4 04t02 12108 1724238
D 65.2136 a6+o09 82+09 42t16 182329
E 1343200 02102 o404 a2t02 38+0.7
F 102414 02102 0.210.2 1.41t08 11.6+1.2
rvntiﬁti&ﬁ&L
A 66011 1.4 264128 764%t105 80+17 184232
B 3s2tqel 260129 600164 246417 2%0t30
c 60120 1.8+0.6 1.0103 ¢ 0.2t02
D 68115 o4to4 s0ta9 22109 28106
E 0 0 10106 02102 0
F 12404 0 08106 0 0.3+0.3
| Other Acari ]
A 82+0.5 22t02 212432 20103 124%11
B 61112 sd4t11 3804196 84ts.7 145t1.3
Cc 58t34 1.0tn5 1.8t0.5 08to08 14107
D 18195 o8to4 04to04 o4toz 4.0to0s
E 1.0t05 ] 20+08 0 143 00
F 1.810.6 04402 08+04 0 08+03
Diplura
A 02+0.2 02102 0 ] 0
B 0.230.2 0 ] 0 0
C ] 0 0 0 0
D 0.210.2 0 0 0 (]
E 0 0 0 0 ]
F 0 0 0 0 0
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APPENDIX F.

funnels,

No./25 :m? with S.E.
supplied on 15 Ma,, 1976.

Numb :rg of small soil animals extracted with Baermann
Compost, fungicide and insecticide were

1976 [ 10MAY | 20MaY | 15JUNE] 21JULY | 12NOV.

Enc traeifl_a_g

A 08105 1.0t0s 1.8+0.7 0.4+02 02102

B aotio 22406 21.8128 40406 a6t

Cc 10105 o (] 0 0.6+0.4

D 08408 22+1s 8.0t14 1.8+04 actoase

E 1.0t06 ° 02102 ] 02t02

F 0410.2 o a2ta2 o4to0.2 22405
Nematoda

A 216+41.2 189+29e8 4011191 1691238 4361339

B 3s7+712 366244 7204543 49734211 3o3isas

C 170+345 920186 1081171 402163 644+86

D 300%+239 155%60 185%119 89.4%6.4 166185

E 153+a3 540445 s62+s5 180%1.0 682170

F 3241297 125458 270199 121£105 2071207
Rotifera

A 4ast18 28409 28115 §0+1.2 a6t13

B 11.8122 226%42 282443 19.8453 1541230

C 10108 26418 083106 60+32 12406

D 26+06 s4tos 102430 60113 62+12

E o.2+0.2 o404 46taT 34t29 02102

F 1.810.5 20118 20+1.3 0.210.2 24105
Tardigrads

A (] 0 0 0 (]

B o o (] [ 04t02

C 0240.2 0 o ° °

D a2+0.2 0 ] o 0

E o [ (] (] o

F ) 0 0 0 0
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FIGURE 1. ‘'he relations among effects of compost, TPN and » BHC on
numbers of soil fauna, soil microbes, rates of soil respiration and
dehydrogenase activity in the soil. (Kitazawa, Yana, Wada, Takai 1975.

From Takai 1977)
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- EFFECT OF TWO HERBICIDES ON THE SOIL INHABITING
CRYPTOSTIGMATID MITES

T. Bhattacharya and V. C. Joy

Vispa Bharah University
India

INTRODUCTIOH

Herbicides administered for the elimination of unwanted plants in the
agroecosystems may unintentionally upset the balance of the ecosystem by
affecting the sensitive nontarget soil animals like cryptostigmatid mites.
Effects of these chemicals c¢n the soil fauna have been recantly reviewed
by Rijsackers and ver der Drift {1976). Notwithstanding this, very little
information is available to date regarding the influence of weedicides on
the nontarget fauna of the soil in t-opical countries like India. lere the
use of these chemicals is gaining momentum, with the development of modern
agrotechnical measures following a "grow more food" campaign. This communi-
cation deals with the possible i11 effects of twe herbicides, Nitrofen
(2,4 - dichlorophenyl - 4 - nitrophenyl ether) and Propanil (3,4 - dichloro-
propion anilide), which are of very common use in India, on the community

structure, species diversity and density of cryptostigmatid mites, under
field and laboratory conditions.

MATERIAL AND METHODS

A rabi crop (early October to February) of a dry cultivatable variety
of paady, "Pusa - 2-21", was raised for the experimental purposes in three
small ihighland plots with laterite soil. Al11 the normal agricultural
manipulations were employed simultaneously in the plots except for the
application of herbicides in the two treated plots. Single applications of
tne herbicides, Nitrofen (Tok, E-25) and Propanil (Stam, F-34), were made
in the lowest agricultural doses recommended for genaral weed control in
paddy crops in India by Mukhopadhyay and Bhattacharyay (1967)}. Nitrofen
at tne rate of 2 kg' ai/ha was sprayed as a pre-emergence h2rbicide, while
Propanil was used for post-emergence weed control at the rate of 3 kg. ai/ha.
Details regarding the maintenance of the crop, soii samplings, extraction
and identification of the fauna are being published elsewhere (Bhattacharya
and Joy, in press). The field experiment was conducted from the month of

September 1977 to February 1978, and soil samples were collected at fort-
nightly intervals.

Analysis of the data obtained from the field experiment were made
with respect to the relative abundance and frequency after Dindal (1977),
and density and species diveisity of cryptostigmatid community. The latter
was compared with the help of Shannon and Weaver index (Shannon and Weaver,
1963). A comparison of the cryptostigmatid density as a whole and of the
dominant species (frequency>50%), between the treated and untreated plots
was made and thei: statistical significance was checked with the help of
"tw' test (Lord, Pages 120-122, quoted in Snedacor and Cochran, 1947).
Percentile deviation of the density of these groups in the treated plots,
in relation to that of the untreated plot was also estimated.
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The dominant species encountered in the field experiment were subjected
to Lhe same doses of the two herbicides under laboratory conditions. A known
number of live cryptostigmatid mites of the same age group and size, reared
for the purpose under laboratry conditions, was placed in special treatment
ceils containing sterile soil sprayed with the herbicide solution. Details
of thc rearing techniques are given elsewhere (Bhattacharya, Joy and Joy,
1978). Untrea“ed control cells were also maintained in the laboratory and
the mortality of the mites in both the sets was estimated after 7 days.

RESULTS
Field experiment

The overall density of all the cryptostigmatid species collected from
the untreated (UT), Hitrofen treated (T;) and Propanil treated (T,) plots
is given in Figure 1. In all, 11 species were encountered in the UT plot
while there were nine each in the Ty and T2 plots.

Relative Abundance and Frequency

Scheloribates albialatus and Oppia nodosa were the two dominant species
in a1l The plots (Table 1). Their dominance was more prominent in the treated
plots prior the the bherbicide applications. Figure 2 shows the degree of
response by different cryptostigmatid species to the herbicide. Both S.
albialatus and 0. nodosa became subdominants after Nitrofen application whiie
only S. albialatus Tost its dominant status as a result of Propanil treatment.
ParogETh sp. and Archegozetes longisetosus which were subdominants in the Ty
plot became occasional and rare respectively, while Galumna sp. and Cosmoch-
thonius emmae remained unaffected. In the T, plot most of the species
rerained unaltered in their status after the herbicide treatment.

Species Diversity

The analysis of the cryptostigmatid community according to the Shannon
and Weaver index (Table 2) shows that there is no significant change in the
species diversity after the application of Nitrofen (t=0.198), while the
Pnopani])treatment signifantly shifted the diversity of species (t=4.52,

P < 0.05).

Table 2: A COMPARISON BETWEEN THE SPECIES DIVERSITY OF
CRYPTOSTIGMATID COMMUNITY EEFORE AND AFTER THE
HERBICIDE TREATMENT.

HERBICIDE N S H' * S.E
NITROFEN

Pre-treatment 100 8 1.66956 + 0.0682

Post-treatment 96 7 1.65517 *+ 0.0613
PRGPANIL

Pre-treatment 111 9 1.82685 + 0.0692

Post-treatnent 161 8 1.40540 + 0.067
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Figure 1. OVERALL POPULATION DENSITY QOF THE DIFFERENT CRYPTOSTIGMATID
SPECIES IN THE EXPERIMENTAL PLGTS.
Nitrofen Propani{
Pre treat. Post treat. Pre treat. Post treat
) S ]
D ( Scheloribates sp)—————{Sd ) | D{( Scheoribates sp.)——{Sd
D{ Oppig sp. b————(5d) @
Sd( Paroppa sp. }———— 0 ) | D{Oppio sp. ——"-D)
%Archegontssp)-——m) O(Poroppia sp. }——0)
0f Galumna sp. »————— 0) R( Archegozetes sp. }—————— R )
0 { Cosrmochthonius sp.)———{ 0) R({Pilobotello sp. )}————{ R)
& R(Cosmorhthanus sp}————( R )
R( Pilobatella sp.) ®

R{ Eporibatuic sp.) ?
{Microzetes sp.

Figure 2

( R p———————0C(Microzetes sp.)
{ 0 ———————Sd (Galumno sp.)

( R)Eporibatula sp.)

Figure 2.

HERBICIDE APPLICATION IN THE TREATED PLOTS.
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Table 1: RELATIVE ABUNDANCE AND FREQUENCY JF THE
CRYPTOSTIGMATID SPECIES IN THE EXPEKIMENTAL
PLOTS
ut T1 T2
SPECIES Pre-treat. Post-treat. Pre-*reat. Post-ireat.
RA F RA F RA F RA F RA F
Cosmochthonius emmae Berlese 0.5 3.5 5.0 20.0 7.3 10.6 3.6 9.5 1.2 5.1
Cryptacarus dendrisetosus
Bhattacharya, Bhaduri and 0.3 1.7 - - - - - - - -
Raychaudhuri
Archegozetes longisetosus Aoki 6.2 13.8 13.0 46.7 1.0 2.1 3.6 6.7 0.6 2.5
Microzetes auxilliaris Grandjean 1.9 12.1 - - 12.5 17.0 3.6 6.7 6.2 18.0
Oppia nodosa Hammer 41.4 48.3 33.0 73.3 28.1 36.2 18.9 66.7 46.0 71.8
Paroppia sp. 6.4 13.8 12.0 40.0 30.2 17.0 17.1 23.8 4.4 12.8
Paralamellobates bengalensis
Bhaduri and Raychaudhuri 0.3 1.7 - - - - - - - -
Galumna sp. 13.9 40.0 10.0 26.7 10.4 11.9 12.6 10.0 18.6 38.5
Eportibatula sp. 2.7 5.2 1.0 6.7 - - 7.2 6.7 - -
Scheloribztas albialatus Hammer 23.0 62.1 25.0 66.7 10.4 38.3 31.5 76.2 22.4 46.2
Pilobatella sp. 3.5 6.9 i.0 6.7 - - 1.8 9.5 0.6 2.6

RA = Relative abundance:

> 40% Dominant

10 to 40% Subdominant

< 10% Rare

F = Frequency:

7 50% Dominant

30 to 50% Subdominant

10 to 30% Occasional
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Comparison

The fluctuation in the densities of cryptostigmatid population as a
vhole and of the two dominant species under consideration (frequency > 50%),
in the three plaots at various intervals of sampling are given in Figure 3.
Table 3 shows that both Nitrofen and Propanil significantly decreased the
density of cryptostigmatid mites as a whole after their application.

Between the Densities

Table 3: Values of 'tw' test belween different irtervals of
sampling in the experimental plots.
SAMPLING CRYPTOSTIGMATA
QCCASIONS ut T1 To
tw tw tw .
I vs. 1I 0.285 0.222 0.688 **
IT vs. 1III 0.207 —»0.395 * 0.045
IIT wvs. 1V N0.117 0.222 —~>0.420 **
IV vs. V 0.225 0.149 0.271
VvV vs. VI 0.123 0.143 0.261
VI wvs. VII 0.354 * 0.157 0.148
VI wvs. VIII 0.222 0.096 0.123
VIIl? wvs. IX 0.393 * 0.372 * 0.571 ***
* p< 0.05 The arrows indicate the
** p £ 0.02 stage at which herbicide
wx p < 0,01 was treated

Turning to the dominant species, it was noted that both the herbicides

depressed the population levels of S. albialatus and Q. nodosa on their
application (Table 4).
significant in the case of Nitrofen, for both the species.

Table 4: A comparison between the densities of the two dominant
species of Cryptostigmata in Untreated and Treated plots
after the herbicide application.

However, the effect was more drastic and statistically

No./Sample

No. 4Samg1e
uT 2 T tw

SPECIES uT T, tw
Scheloribates -
albialatus 7.6 1.4 0.614 *¥* 7.3 6.0 0.121
Oppia nodosa 19.3 3.9 0.441 ** 21.0 12.3 0.231
w** p £ 0.02 *** p < 0,01
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CHANGES IN THE DENSITY OF THE TOTAL CRYPTOSTIGMATID MITES
AND OF THE TWO DOMINANT SPECIES.
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Figure &

RELATIVE PERCENTILE DEVIATIONS IN THE DENSITY OF THE TOTAL
CRYPTOSTIGMATID MITES AND OF THE TwO DOMINANT SFECIES IN THE
TWO TREATED PLOTS IN RELATION TO THE UNTREATED PLOT.
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An analysis of the percentile deviations of the densities of
Cryptostigmata in toto and of the two dominant species in the two treated
plots, in relation to those of the untreated plot at various intervals of
sampling (Figure 4) also indicated that Nitrofen has more adverse effect on
the nontarget organisms under field conditions.

Laboratory experiment

Results of the experiment conducted in the laboratory (Table 5)
revea.ed that the agricultural dose of Nitrofen killed all the individuals
of S. albialatus and 0. nodosa within 7 days, while that of Propanil killed
all the specimens of 0. nodosa; about 6.5% of the total S. albialatus were
ctill alive within that period. On the other hand, in the untreated control
cells all the individuals of S. albialatus and 0. nodosa remained active
after 7 days and many of these cells cantained newly Taid eggs.

Table 5: EFFECT OF THE AGRICULTURAL DOSES OF HERBICIDES ON TWO
SPECIES OF CRYPTOSTIGMATID MITES UNDER LABORATORY

CONDITIONS.
UT Tq T2
SPECIES R N Alilo Ri N Al D Rl N Al D
0. nodosa 20] 2503 220 -|~ |18 }180!) - |-}1180 (18] 180} - | - 130
5. alblalatus | g} 220| 220 - | - {20 |200{ - | - | 00 | 20| 200] - |13 107
UT - Untreated control cells R - Replications
Ty - Nitrofen treated cells N - Number of Individuals
T2 - Propanil treated cells A - Active
I - Inactive
D - Dead

DISCUSSiON

Findings of this investigation indicate that the single dose application
of Nitrofen and Propanil can affect the density and diversity cof cryptostigmatid
mites in a caddy fielid. Expsrimental evidences further suggest that these
herbicides have a direct kitling action at least on the two species under
consideration. Adverse effect of herbicides 1ike Sheli WL 19805, Paraquat,
2,4-D and Simazine, on the spii inhabiling cryptostigmatid mites has also
been shown by Edwards (1970), Edwards and Lofty (1975) and Prasse (1975).
Edwards (1970) showed that the Seh1l WL 19805 had less adverse effect on the
cryptostigmatid mites when the plots were rotovated after spraying, than in
plots with the herbicide left on the soil surface. It is known in the
case of iNitrofen, that it should not be incorporated in soil but placed as
a thin layer on the soil surface (Brian, 1976) and that the herbicidal
activity of this chemical is rapidly lost if incorporated with the soil
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(lukhopadhyay, 1972). Edwards and Lofty (1975) while comparing the density
of cryptostigmata in Paraquat treated, direct drilled plots with those in
ploughed ones, said that the forier has less impact on the number of soil
animals. Similarly Prasse (1975 observed that the herbicide Simazinc
significantly decreased the number of the cryptostigmatid mite, Tectocephaus
velatus (Michael) in up to 10 cms of so0il, while 2,4-D could not produce

any significant decline. It seems that both ploughing and herbicide

application done in the same plot can decrease the population of nontarget
organisms of soil.

CONCLUSION .
It may be concluded that the herbicide Nitrofen had more adverse
effect on the cryptostigmatid mites compared to Propanil in field conditions.
Experimental evidences under laboratory conditions suggest that these weedicides
have a direct knock-down effect at least on cryptostigmatid mites like 0.
nodosa and S. albjalatus.
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BIOLOGICAL SUCCESSION IN ARTIFICIAL SOIL MADE OF
SEWAGE SLUDGE AND CRUSHED BARK

*Veikko Huhta, **Veronica Sundman, **Eeva lkonen, **Seppo Siveld,
**Tuula Wartiovaara and ** Pekka Vilkamaa

*Universily of Jyviskyld
**University of Helsinki
Finland

The present paper summarizes the main results of a 3-year study
dealing with the biological processes that occur during the
humification of municipal sewage sludge, with particular reference
to the use of sludge as artificial soil in environmantal building.
The types of sludge used for the experiments were 1) digested sludge
from a biological~chemical plant (activated sludge process with Fe;S0
precipitation), 2) activateu sludge (=1 without digestion, but 1ime
and ferric chloride added), and 3) limed sludge from a chemical plant
(1ime content ca. 50 % of dry matter). These were dried to ca 20 %
dry matter content and mixed 1 to 1 (vol) with crushed pine or spruce
bark. The test plots were established on a small parcel of field
from which the topsoil had been rEmoved. The materials were applied
in squares ca 25 cm deep and 14 m“ in area.

The principal study objects were: 1) uncomposted digested sludge
and bark, 2) uncomposted activated sludge and bark, 3) uncomposted
limed sludge and bark, and 4) digested sludge and bark after | year's
composting. These were compared with 5) digested sludge alone, 6)
crushed bark zlone, 7) compost made of digested sludge and bark, 8)
cultivated field soil, 9) garden grassland soil, and 10) forest soil.

The variables measured were: physical and chemical properties of
the test materials, contents of heavy metals in soil and vegetation,
production of the vegetation, total numbers of bacterla, numbers of
Clostridia, Streptomycetes, Protozoa, and glucose-fermenting bacteria,
length of fungal hyphae (Sundman & Sivels, 1978), numbers of specific
groups of microbes indicating the nitrogen metabolism and hygienic
state of the materials, nitrification and dehydrogenase activity,
oxygen consumption, cellulose deyradation, numbers and biomasses of
groups and species of invertebrates, total animal biomass and changes
in the animal communities.

In fresh mixtures of sludge and bark the microblfal activity was
very intens2. Numbers of clostridis and glucase-fermenting bacteria,
indicating anaerobic processes, were highest soon after the establishment
of the experimental plots. Biological activity, measured as oxygen
consumption or cellulose degradation, was most intense during the
first growing period (Figure 1).

Numbers of denitrifying and nitrate-reducing bacteria remained high
in uncomposted materials throughout the study period. Nitrification
activity was low in the beginning but increased in the second and third
years,
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FIGLRE 1. Degradation of cellulose in 90-day periods (top), and
consumption of oxygen (bottom) In the different materials tested.
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Flying insects (Coleoptera and Diptera), and phore.ic nematodes
and mites (Mesostigmata, Prostigmata, Astigmata) transported by them
colonized fresh mixtures of sludge and bark in a few days and reproduced
rapidly. These early groups became less numerous as the materials
aged. Collemboia propugated dense populations within a few weeks
and retained an importaent position through all stages, while Oribatei
were anong the late colonists (Figure 2).

The animal community during the early stages of succession can be
described as typical for dung and related accumulations of easily
decomposable organic matter. This '‘dung community' changes relatively
rapidly into a less specialized '‘compost community’', and gradually
further Into a community of generalist soil dwellers (Figure 3).
However, even in the oldest material tested, a composted mixture of
digested sludge and bark in the third year after application, the
animal community differed considerably from that of the adjacent crable
soil.

Of the fresh mixtures examined, that of activated sludge and bark
showed the highest biological activity and harbored the greatest
animal biomass. The mixture of digested sludge showed the lowest
activity and biomass, and that of limed sludge took an intermediary
position (Figure 4). Enchytraeidae and Lumbricidae were almost absent
during the first year in the mixtures containing digested and 1imed
sludges, while Enchytraeidae were especially numerous in that with
activated sludge. Digested and limed sludges were obviously harmful
or toxic to these groups, a fact verified for earthworms by culture
experiments.

Composting strongly promoted the biologicai processes in the
materials tested. After one year's composting the mixture of digested
sludge and bark attained a degree of stability which was not
achieved by the uncomposted mixture even in the third growing season.
High nitrification activity characterized the compostad mixture in
comparison with the uncomposted ones.

In the mixtures of digested sludge and bark the processes
proceeded more rapidly than in either of the comporent materials
alone. Bark alone differed from the sludge materials in its
biological properties: fungal hyphae were especially abundant (Figure 5),
and the animal communlty contained some characteristic species, the
Enchy traeidae dominating in the faunal Ekiomass.

In addition to the composting, freezing in winter was shown
to improve the hygienic state of the sludge-containing materials:
numbers of fecal coliforms, which remained high through the first
growing season, had dropped to practically zero by the next summer
(Figure 6). Fecal streptococci, on the other hand, were not affected
by low winter temperatures.
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Biomasses of Nematoda, Enchytraeidae and Collembola,

FIGURE 2.
and total animal biomass in the different materials tested.

Average

annual levels in the reference soils indicated by horizontal }ines.

G = garden grassland; other symbols as in Figure I,
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FIGURE 3. Changes in the communities of Nematoda (top) and
Collembola in an uncomposted mixture of digested sludge and bark
(relative abundances).
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FIGURE 5. Lengths of fungal hyphae in different m?terfals tested.
For methodical reasons the data for 1975 are not quantitatively
comparable with those for 1976 and 1977,
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The Mesostigmata showed gaod ability to differentiate between
the ditferent substrates: the initial communities in the three kinds
of sludge were almost totally different, and even the oldest material
tested shared no cormon dominants with the adjacent arable soil. The
Collembola proved to be least specialized: the communities of the
different fresh materials were almost identical, and those of aged
mixtures showed the greatest similarity to the control comm:nity.

Succession was cbserved not only in the ordinary test plots, but
also in the reference plot established on arable soil. After
remaining untreated for the survey period, it showed increasing
biologlcal activity and animal biomass from year to year (Figures |
and 2).

The zoological part of the investigation will soon be published
in greater detai’ (Huhta, lkonen & Vilkamaa, in press}. The micro-
blological part is in preparation. A report of the whole preject
has already appeared in Finnish (Huhta et al., 1978).
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QUESTIONS and COMMENTS

K.H. DOMSCH: Are there any significant correlations
between the plant production on those different plots and
soil biological parameters tested?

V. HUHTA: We tvied to find out correlations between
different factors with the aid of factor analysis and canonical
correlation analysis, but the result was poor because the
materials tested differed from each other in many respects,
several factors being highly intercorrelated.

H. EIJSACKERS: Have you any explanation for the toxicity
of digested and treated sludges or Lumbricidae and Ency-
traeidae. perhaps frcm heavy metals?

V. HUHTA: We made some preliminary tests on the possible
effect of heavy metal content, oxygen deficiency and the Fe SO,
used for precipitation, but we could not find any singla factor
responsible for the toxicity.
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DECOMPOSITION PROCESSES IN SEWAGE SLUDGE AND
SLUDGE AMENDED SOILS

M. ). Mitchell and S. G. Horner

SUNY CESF
usA

An understanding of decomposition processes in both natural and
anthropogenic systems is necessary for maximizing productivity and
minimizing deleterious environmental impacts. An important category
of anthropogenic systems is associated with the treatmeat of waste-
water. These facilities are used for the maintenance of water quality
and also demonstrate the importance of decomposition both within the
systems themselves and by their interactions with surrounding ar.as,
including urban and agricultural communities.

The two major outputs of a given wastewater treatment facility are
the treated effluent and the residual solid, defined as sludge. ,The
characteristics of the effluent and especially the sludge vary greatly
since the sewages themselves and the treatment processes differ both among
and within these facllities (Mitchell et al., 1978; Sommers, Nelson and
Yost, 1976). Important variables ‘nclude the concentration of various
human pathogens, heavy metals, organic constituents and inorganic nutri-
ents. Although the major objective of wastewater treatment is the re-
moval or elimination of these components from the effluent, the effi-
ciency of this process depends on the design of each treatment facility
which may utilize some combination of primary (physical settling of
solids), secondary (decreasing organic constituents by biclogical proces-
ses) and tertiary (removing dissolved inorganic and organic substances)
treatment (Eckenfelder and O'Connor, 1961). /s treatment facilities
have become more effective in this removal process, there has been a
concomitant increase in the residual sludge which now amounts annually
to about six to seven million dry metric tons in the United States
(Harrington, 1978). The decomposition and resultant stabilization of
this material are major factors which affect its management.

During secondary treatment, both activated sludge and trickling
filters are used to stabilize and reduce the organic constituents of
sewage. The actual function of these systems has been detailed else-
where (Curds and Hawkes, 1975; Hawkes, 1963; Mitchell, 1978), In addi-
tion, the sludge, which is produced from this secondary as well as from
primary and tertiary treatment, needs further processing which may in-
clude dewatering, aerobic and anaerobic digestion and disinfection.
Ultimately this sludge must be managed by either disposal or further
utilization. If the sludge is incinerated or dumped in the ocean, air
or water pollution may occur and thus the latter disposal practice is
being discontinued (Bastian, 1977).

In contrast, the deposition of this sludge on land has a variety

of potential benefits including its use as a soil conditioner and ferti-
lizer due to its organic constituents .nd elevated levels of inorganic
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nutrients including nitrogen and phosphorus. Hovever, as ment.ioned pre-
viously, sludges may contain heavy metals, such as cadmium, and human
pathogens which can endanger public health if they contaminate water
supplies or enter the food chain (CAST, 197§; loehr, 1977; Love,
Tompkins and Galke, 1975). To maximize the utilization of sludge as a
soil amendment, its decomposition processes must be delineated since
they partly determine organic matter stabilization, heavy metal availa-
bility, pathogen inactivation, mineralization and even odor production.
Some of the major factors which will affect the decomposition and stabi-
lization of sludge are availability of an organic energy source, con-
centration of electron acceptors, moisture, temperature, inoxganic
nutrients, pollutants, and various biotic components. The importance of
each of these factors will be di-cussed with regard to wastewater treat-
ment, in general, but erphasizing decomposition of sludge and sludge
amended soils.

Organic energy source availability

Wastewater solids have a high proportion of labile organic consti-
tuents which are removed in varying amounts during the treatment process.
?f the resultant sludge is digested anaerobically, the organic mattur of
the raw sludge, which ranges from 60 to 80%, is reduced to between 40 and
60% (Bolton and Klein, 1971; Eckenfelder and 0'Connor, 1961; Hawkes,
1963). The production of methane by anaerobic metabolism depends on the
availability of labile organic fractions such as acetate, the amount of
whizh decreases as stabilization progresses (Msh et al., 1977). The
methane produced by this process may be subsequently used as a fuel.

For aerobically digested sludges, the organic matter reducticn is
less and after digestion it may still constitute 62-75% of the solid
residuals. The major portion of this organic matter is probably de-
rived from microbial products (Daigger and Grady, 1977).

Another mode, which has been recently employed for furthering
sludge stabilization, is composting in which the organic matter of raw
sludge can be reduced about one-third under thermic and aerobic condi-
tions (Epstein and Willson, 1975). As in all composting processcs the
rate of decomposition decreases rapidly as the organic matter stabilizes
and humiflcation occurs (Gray and Biddlestone, 1974).

If drying beds are used for sludge dewatering, the decomposition
and hmification continues within these systems. Regardless of whether
the sludge is derived from anaerobic or aerobic digestion, both anacro-
bic and aerobic decomposition occur. Anaerobic decomposition, as indexed
by methane production, predominated in the early drying phase of an acti-
vated sludge due to abundant, labile organic fractions and low oxygen.
With a residence time of two weeks in these drying beds, an additional 2%
reduction of the organic matter occurred during the summer at tempera-
tures ranging from 11 to 28°C {Mitchell, Hornor and Abrams, in review).

When sludge is applied to soil the decomposition rate is also de-
pendent upon the degree of stabilizaticen. For example, an aerobically
digested sludge lost 48% organic matter in contrast to three anaero-
bically digested sludges, which lost from 28 to 36% organic matter over
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168 days when added to a mineral soil in a glasshouse (Mitchell et al.,
1978), In microcosms and a sludge amended agricultural soil, organic
matter losses of anaerobically digested sludges were 20% over 5 months
(Miller, 1974) and 60% over 7 years (Hinesly et al., 1977), respectively.

Since sludge decomposition and stabilization are biologically
mediated, the rate of these processes is an index of the activity of
various organisms. The importance of these organisms in aerobic and
anaerobic digestors has been reviewed previously (Curds and Hawkes,
1975; Mitchell, 1978). With increasing sludge stabilization there is
a parallel decrease in total viable bacteria (Miller, 1974; Mitchell
et ai., 1978). Similarly, in sludge drying beds and sludge amended
soils there is a faunal succession which is probably due to changes in
food resources as well as in the physical and chemical ernvironment.
Major endemic faunal components assoclated with this succession include
nematodes, enchytraelds and arthropods (Huhta, Ikonen and Vilkamaa, 1977;
Mitchell et al., 1978, in review). Furthermore, the addition of
oligochaetes, such as Eisenia foetida (Sav.), into sewage sludge will
hasten sludge decomposition and their activity depends on both the age
and type of sludge (Mitchell et al., 1977, 1978, in review; Mitchell,
1979).

Electron acceptor availability

There is a general trend during sludge stabilization from an ex-
cess of electron donors to an excess of electron acceptors. One of the
major objectives in the activated sludge process and aerobic digestion
is the maximization of the concentration of oxygem which serves as the
terminal electron accertor in aerobic respiration (Eckenfelder and
O'Connor, 1961). In contrast, anaerobic digestion uses the products
of fermentation, organic acids and carbon dioxide, as electron acceptors
and converts them into methane and carbon dioxide (Crowther and Harkness,
1975). Therefore, the rate of methanogenesis is limited by the availa-
bility of precursors such as acetate (Mah et al,, 1977),

Within sludge drying beds the availability of electron acceptors
is a major factor in determining the rate of decomposition and whether
aerobic or anaerobic decomposition will predominate. The rate of oxygen
diffusion into sludge is highly dependent upon its moisture content as
will be discussed below, It has also been shown that the addition of
an alternate electron acceptor such as nitrate stimulates carbon dioxide
evolution (Mitchell, Hornor and Abrams, 1980). Similarly, for composted
sludge, it is generally necessary to use forced aeration to maintain a
surplus of oxygen necessary for this aerobic process (Epstein and Willson,
1975).

When sludge is added to soil, it serves as a rich source of
electron donors and thus may deplete oxygen and alternate electron
acceptors and cause a depression of Eh and an increase in anaerobic
microbial metabolites. For example, Taylor et al. (1978) found that
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raw sludge produced a mwch larger proportion of methane in the soil
atmosphere than anaerobically digested sludge which would have less
electron donoxrs due to its increasad stabilization. A general conse-
quence of a depressed Eh and anaerobic conditions is the reduction of
decomposition due to the lower metabolir efficiency of anaerobilosis.
In addition, some of the reduced compounds may be toxic tc microflora,
invertebrates and higher plants and there may be a depresslon of carbon
flux and mineralization, although certain nutrients such as phosphate
may become more available (Buckaan and Brady, 1969; Patrick and
Delaune, 1977; Skimmer, 1975). Among these reduced compounds various
malodorous sulfuc gases amay also be produced which may restrict the

application of sludge to land (Hornor, Waugh and Mitchell,this volume). In

addition, the Eh will affect the avallability of certain heavy metals
such as cadmium (Bingham et al., 1976). It should be emphasized that
the consequences associated with anaerobic microbial metabolism are not
exhibited if the sludge is stabilized and proper application rates and
soil conditions are maintained.

Oxygen availability will also affect the functional role of the
faunal components. Nematodes, which are abundant in sludge drying beds,
can survive anoxic conditions and be active at a p03 of 7000 dyne cm--
(Abrams and Mitchell, 1978). In contrast earthworm respiration is de-
pressed at a p02 of 53200 dyne cm~2 (Johnson, 1942). This effect was
shown indirectly in a sludge drying bed where the presence of earth-
worms did not affect the rate of decomposition until aerobic catabolism
predominated. In addition, a depression of Eh was assoclated with high
mortality of earthworms which hel been zaieviously introduced into the
sewage sludge (Mitchell et al., in review). In general, the role of
various faunal components during sludge decomposition may be linked to
their oxygen needs and Eh tolerance.

Moisuure

During the treatment of wastewater itself, the amount of water
present does not affect the decomposition process except as a determi-
nate of the concentration of the various inorganic and organic con-
stituents. However, in drying beds the moisture content has major
importance. Because of the low solubility of oxygen in water, a sludge
or a sludge amended soil with a high méisture content and elevated meta-
bolic rate will be rapidly depleted of oxygen, the results of which
were discussed previously with regard to electron acceptors.

With increased drying, oxygen availability increases, but there
is a concomitant decrease in metabolic activity, Within certain thresh-
olds, moisture content is directly proportional to decomposition rate,
Similarly, as has also been documented for soils, when sludge has been
rewetted, the metabolic activity is enhanced (Mitchell, 1979; Mitchell
et al., in review). The importance of moisture in affecting the de-
composition of sludge amended soils has been shown indirectly in a
glasshouse study in which organic matter loss was greater, due to a

igher moisture regime, than under natural field corditions (Hinesly
et al, 1977; Mitchell et al., 1978).
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The general importance of meisture for maintaining the activity
of both the microflora and the fauna has been well documented for soils
and it can be assumed that similar relationships would be found in
sludge amended soils,

Temperature

In all decomposition processes, the effect of temperature is
marked. Generally, the rate of metabolism increases with tomperature
within upper and lower limits which are dependent upon the constituent
organisms'! temperature tolerances. Within anaerobic sludge digesters
30 to 35°C is considered as the optimal range for both organic matter
stabilization and methane production (Imhoff, Miller and Thistlethwayte,
1971). Temperatures of activated sludge and trickling rfilters are close
to ambient although they may be somewhat lower in summer and higher in
winter and their activity is thus closely coupled with ambient condi-
tions. Seasonal changes in their characteristics may be partly due to
these temperature fluctuations (Curds and Hawkes, 1975). In composted
sludge, the temperature ranges from ambient to 80°C (Epstein and
Willson, 1975).

Oxygen consumption of activsted sludge taken from a drying bed
exhibited an exponential relationship to temperature and a Q)o of 2.94
over a 5 to 30°C range. This value is within the range found for soils
and aquatic sediments (Mitchell, 1979). Temperature not only directly
affects microbial and faunal metabolism, but also affects population
growth and interspecific interactions between the fauna and their
microbial food resources (Abrams and Mitchell, this volume; Mitchell,
1979).

Although the effect of temperature on decomposition in sludge
amended soils has not been studied in detail, it is widely recognized
that low temperatures, especially below freezing, may limit the applica-
tion of slusge in winter. Furthermore, the general effect of tempera-
ture on decomposition of sludge amended soils has been demonstrated by
Miller (1974) using microcosms in which the temperature regime was
directly related to decomposition rate.

Other nutrients and pollutants

Because there is a high concentration of imorganic nutrients,
such as nitrogen and phoszhicrus, these constizuents do not generally
limit sludge decomposition and their presence is one of the major benefi-
cial attributes of sludge as a soil amendment. Moreover, the minerali-
zation rates of these nutrients will affect ‘their availability to higher
plants and determine in part the potential for ground water contamina-
tion (Koterba, Hornbeck and Pierce, 1979; Riekerk, 1978). However,
both organic (e.g., phenols) and inorganic (e.g., heavy metals) con-
stituents, depending on their concentration, may interfere with sludge
decomposition and stabilization by their deleterious impact on the
biota (Hayes and Theis, 1978; CAST, 1976; Imhoff et al., 1971). Such
pollutants, along with pathogens, if present in sludge, may limit its
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utilization as a soil amendment because of potential toxic effects to
both plants and animals, including man (Burge and Marsh, 1978; CAST,
1976; Harrirgton, 1978; Williams, Shenk and Baker, 1978),

Biota

The overall role of the microflora and invertebrate fauna in
_wastewater treatment is well documented (Curds and Hawkes, 1975; Hawkes,
1963) and recent studies have established basic information on their
roles in sludge and sludge amended soils (Huhta et al,, 1977; Mcllveen
snd Cole, 1977; Mitchell, 1978, 1979; Mitchell et al,, 1978, 1980, in
review; Varanka, Zablocki and Hinesly, 197¢6). The importance of the
biota in wastewater and sludge has beenalluded to in previcus sections,

The biota should be considered as a series of functional units
which maximize nutrient and carbon flux. An excellent example of
the interactions between these units is exhibited by the synergistic re-
lationships between protozoa and ‘their bacterial food sources in acti-
vated sludge where protozoa feediig stimulates the metabolic activity of
the bacterial populations. The importance of similar interactions in
sludge drying beds and sludge amended soils has been demonstrated for
endemic nematodes and bacteria (Mitchell et al., 1980; Abrams and
Mitchell, this volume) as well as introduced macroinvertebrates such
as Eisenia foetida (Brown, Swift and Mitchell, 1978; Mitchell, 1978,
1979; Mitchell et al., 1978, 1980, in revievw), The importance of
these interspecific interactions has also been shown by the introduction
of an ectomycorrhizal fungus into sludge amended soil which resulted in
accelerated tree growth (Berry and Marx, 1976).

Decomjosition and maximizing sludge utilization

Both wastewater treatment and sludge management rely on maximizing
beneficlal fanctional relationships among the biota and their chemical
and physical environment, It must be clearly recognized that these re-
lationships are major factoxrs in determining the efficiency of the
treatment process and the subsequent utilization of sludge as a soil
amendment. By minimizing those components such as heavy metals a.d
undesirable processes such as the production of toxic compounds, the
utilization of wastewater treatment and sludge management as a mechanism
for soil reclamation and nutrient conservatiun may be fully realized.
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QUESTIONS and COMMENTS

S.E-D,A. FAIZY: How do you explain the positively

linear relationship between 9, consuvmption and moisture content
in sludge? 1 believe that the increase in moisture (100 to
300%) might eventually lead to anaerobic conditions.

M.J. MITCHELL: Sludge has much higher moisture holding
capacity than mineral soils. We have found that aerobic
catabolism may predcminate even when sludge is 300% moisture
on a dry weight basis. Under conditions of high oxygen de-
mand and low oxygen diffusion anaerobic conditions are pro-

duced.
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SOIL MICROFAUNA OF OPEN DRAINS IN MID-DELTA EGYPT

Mohsen Shoukiy Tadros

Tanta University
Egwpt

INTRODUCTION

In Egypt during the last ten years, a project was
established to replace the normal cpen drainage system to
tiles, in the whole valley. To execute .this project,
machinery had to deepen the ordinarily used drains and
dredge the accumulated residues from the bottom of the
drains, placing it on one or both sides of the ditches
making a huge mound of wet soil. This process had been
done previously, but on a limited scale during a specific
period of winter time.

This soil-like residue is used in brick factories, or
for filling in around house foundations. It is also used
on a large scale as an organic fertilizer following its use
as an animal bedding materxrial.

Organic fertilizers usually do not contain poisons in
toxic concentrations. Gases and heat released dAuring their
decomposition may be translated into behavioral responses
among soil fauna. In addition, these organic fertilizers
provide additional habitat space and food which supports
micro- and mesofaunal organisms. High percentages of the
total soluble salts associated with them may be harmful
to plants.

Many investigators discussed the relation between ferti-
lizer and soil, Allison (1966), Foster (1968), Behan (1972)
and Behrend (1973). Others reviewed forest fertilization
or the role of soil organisms in organic matter decomposition

{Baule et al. 1970, Bengston 1971, Weetman 1973, and Mitchell
1978.

In Egypt, Hafez (1939) who described the insect fauna
of the dung. Later on El-Kiil (1957, 1958) investigated some
ecological factors responsible for faunal fluctuations.
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Tadros (1965, 1976, 1978) discussed the vertical and hori-
zontal distribution of oribatids and more ecological factors
responsible for fauna populations.

This paper briefly reviews tiie following objectives:

a) to determine the most prevalent fauna species of dredged
mud from the bottom of the drains through a 12 months
period.

b) to find if there is any difference in faunal distribution
in the accumulated drain residues, compared to the native
fauna in the same district.

c) to find if the prepared organic fertilizer is harmful
to animals, when using it as bedding in thezir sheds,
or harmful for plantations in fields.

METHODS AND MATERIALS

Location of the Study

Two villages near the Faculty of Agriculture were chosen
for this experiment. They were about 8 km (5 mi) andll km
(7 mi) from the city of Kafr El-Sheikh. An ordinary open
drain was running beside these two villages. Its upper
margin was about 3 m; its bottom was 1 m wide, while its
depth was about 2 m. Prom the muddy hill, established from
the machinery deepening process in that drain, a 16 km
(10 mi) plot war. chosen. This hill was about 2 m high. At
the beginning of investigation, the site was nearly all
composed of w2t muddy soil. From the third month onward
it was drier and some weeds grew scattered on it.

This characteristic soil, is known to be heavy, black
and becomes full of cracks when dry, comprising big masses
of soil. The percentage of total soluble salts is also
reasonable in that sort of soil.

Techniques

It was arranged to take samples at three levels (top,
middle ard bottom) from the previously mounded soil residues
cast from deepening the drain. Samples were taken every two
weeks until the third month, then monthly until the end of
investigation. At every sampling date 30 cylinders were
collected, 10 from each examined level representing 10
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replicates from each. Some soil samples were also tested
to find some essential soil properties. More samples were
also taken from the prevared organic fertilizer. The
sampling and extraction precedures were just the same
described by Tadros et al. (1965).

RESULTEC AND DISCUSSION

Extracted Fauna

The extracted fauna was found to fall under two cate-
gories, Insecta and Acarina. The first group representec
individuals from the orders, Collembola, Thysanura, Hymeno-
ptera, Homoptera and Coleoptera, but owing to the fact that
springtails comprised the majority of insects they were
considered as separate sub-groups. Acarina comprized moss
mites and soft bodied mites.

Total Fauna Encountered
At the beginning of experiment, no fauna existed in

mud, but from 2 wks until 12 mos the extracted fauna in-
creased (Figure 1).
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Fig.(1);: Means of total fauna
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1t is clear that a peak occurred in the third month, with two
other lesser peaks occurring after l¥% and 8 mo. These re-
sults may be due to higyh water content and to anaerobic
circumstances in the tirst samples, but when the soil began
to dry, organisms began to creep into it., The last peak
occarring in the eighth month may be due to the scattered
growing weeds at that time that gave a suitable atmosphere
in which some fauna could flourish. On the otler hand, the
low percentage of other faunal forms during that period may
be due to the low relative humidity in soil due to its
dryness after that long period.

Vertical Listribution of Fauna

It was found that most of the fauna (40.9%) were in
the lower level while in the middle, 31.8% of the fauna,
and in the upper level, the minority of 27.3%. These re-
sults may be due to the drying by the sun and wind evaporation
cf water occurring more rapidly in upper regions. Also,
individuals immigrate to lower regions in demand for moisture.

Fauvnal Groups

Springtails were found in enormous numbers in the soil.
They are the base of soil animal food chain (William 1942).
They can occur in all types of soil and under various vege-
tative cover. This group is abundant in all moist and
fairly moist soils to unkncwn depths (Jacot 1940).

In this investigation, the springtails comprised (25.42%)
of the whole faunz, while all other insect orders (32.20%).
Acarina was a prevalent order in this type of soil (42,37%).
Comparing the percentage of coilembolans to insects, the
former comprised 44.12% of the insects. This result supports
the prior findings of Williams and Jacot.

Faunal Groups, Vertical Levels and Months

It was clear (Table l) that only slight differences
occurred in the 3 vertical levels tested. 1Insecta and
Acarina tended to flourish in the middle and lower regions
of s0il cast residve mound during all times of the experiment
(Table 2). These results may be attributed to the moisture
in these two regions. It was clear f£rom the same table that
springtuils were affected by both microclimatic and soil
factors. This result appeared in the fluctuztion of its
numbers over time and in the dfferent vertical strata.
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“ Table 1l: PERCENTAGES OF 1dREE MAIN FAUNA GROUPS AT 3
VERTICAL LEVELS EXTRACTED FROM MUD DREDGED
FROM A DRAIN

= o ————— = s
GROUPS UPPER MIDDLE IOWER MEAN

COLLEMBOLA 25.92 24 .87 25.92 25.57
INSECTA 28.62 36.51 27.16 .. #1,09
ACARINA 45.06 39.15 46.91 43.70

The author attributes this result to the sensitivity of
this group to many ecological factors.

Prepared Organic Fertilizer

Data in (Tables 3 & 4) indicates that total soluble
salts (TSS) soil residues from the drain was 3.75 mm hos/cm,
oxr rather, nearly a salty soil. It is also known, that
Kafre El-Sheikh soils are somewhat alkaline, so a decrease
of TSS occurred when preparing the organic manure, because
of the acidity of urine and faeces of animals when using it
for bedaing. The percentage of both Collembola and Insecta
was low in this manure when compared with that from cast
drain soil:; this result indicates that such acidity is not
preferred by Insecta. On the other hand, Acarina flourished
in manure and nearly doubled giving an impression that that
environment was preferable to them.

Considering the numbers of microflora obtained (Table 4),
it was obvious that Bacteria, Fungi and Actinomycete counts
increased in the cast drain residues when compared with
ordinary cultivated soil. This is due to the change in soil
acidity, but this increase was only for a2 short time for
a decrease was observed when preparing the organic fertilizer.
The high percentage of organic matter comprising the manure
may be also considered. The increase of microflora was
followed by an increase of microfauna that depends upon
microflozra. This result was obvious from the table, for
fauna became nearly five times greater when compared with
that ocrurring in cast drain soil.

It, therefore, is not suitable to use this prepared
organic matter as an organic fertilizer, for it appeared
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Table 21 EXTRACTED PAUNAL OROUPS FROMN THREE SOIL STRATA OVER AN ANNUAL PERIOD (no. in means)

-=.- I PERLOD N WS

E°“°"’5!1xfzzf:?}'i4ss?ao;ouxam.mm
.| T A
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Table 3: MEANS AND PERCENTAGES OF 3 MAIN EXTRACTED FAUNA
GROUPS IN PREPARED ORGANRIC FERTILIZER AND CAST
DRAIN SOIL
e  — —  — — ———————— 4
GROUPS ORGANIC FERTILIZER CAST DRAIN SOIL
Mean/sampl= % Mean sample/ %
COLLEMBOLA 0.23 22.80 0.50 25.51
INSECTA 2,30 22.77 0.63 32,14
ACARINA 7.57 74.95 0.83 42,35
TOTAL 10.12 -_— —-- 1.96 —— -
Table 4: MICROFLOF2 AND MICROFAUNA IN THREE APPLICATIONS
WITH TWO SOIL PROPERTIES
e e e e
means ° gm‘l soil
pH Total Bacteria Fungi Actino- Total
Soluble mycetes Microfauna
Salts Mean %
CONTROL 7.56 1.11 2 x 106 1.17x10° 2.5x105 3.66 23.28
CAST DRAIN
SOIL RESI- 5 4 4
DUES 6.20 3.75 12 x 10 4.5%10 3.75%x10" 1.96 12.47
ORGANIC 6 5 5
FERTI- 6.65 2.60 6 x 10 2.3x10 2.5x10 10.10 64.25
.LIZER

that it contains a high percentage of TSS that may be harmful
to both soil or plants, especially if it is used more than

once in somewhat alkaline soils.

sensitive animals for the same reason discussed.
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SUMMARY

An evaluation of fauna existing during a year in
dredged and mounded muds from an open drain was researched,
As this soil is transferred to organic fertilizer when
using it as an animal bedding in their sheds, fauna was
also estimated in it, plus accompanying soil cultivated
with ordinary crops. Soil properties that were suggested
to affect fauna, was also estimated.

The results indicated that nc fauna was present in the
mud residues until the third month. Extracted fauna was
found to fall under two orders: Insecta and Acarina. Spring-
tails comprised a reasonable fraction of insects. It was
suggested that this type of soil is not preferable in use
as an organic manure especially in the somewhat alkaline
soils with high water table. On the other hand, this soil
can be used in brick factories or £illing up house foundations.
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LEAD AND CADMIUM CONTENT IN EARTHWORMS
{LUMBRICIDAE) FROM SEWAGE SLUDGE AMENDED ARABLE
SOIL

Caspar Andersen

Royal Veterinary and Agniculinural University
Denmark

ABSTRACT

From 1976 to 1978 a research programme has been carried out
in order to investigate the uptake of the metals Lead and Cadmium
in earthworms from sewage sludge amended arable soil. Two types of
sewvage sludge were used in the experiment. One with a low metal con-
tent and one with a high metal content, derived from an industrial
area of Northern Copenhagen. Additionally was studied Lumbricus ter—
restris L.,1758,from the garden of The Royal Veterinary and Agricul-
tural University in central Copenhagen with neavy Lead pollutjon from
automobile emission. Metal content was measured in whole earthworm
tissue, waste bodies from the posteriormost region, gut walls, soil,
sewage sludge and earthworm casts. In general Lead is not concentra-
ted in earthworm tissue, whereas Cadmium is strongly concentrated.
Allolobophora longa Ude,1886, seems to exploit the sewage sludge—

N supply very extensively. Frequencies of the individual species
from the sewage sludge treated plots were compared to plots receiv-
ing slurry and farmyard manure.

INTRODUCTION

As a result of the increasing interest paid to the recycling
of waste water and sawage sludge in agricultural practice, a great
effort has been done to study the uptake of heavy metals in crops for
hunan food. In this connection there is also a need to study the gen-
eral impact of these metals on the soil life, because good soil con—
ditions and plant growth as revealed by several investigations are
intimately associated with soil life.

Dindal, Schwert and Norton, 1975, found that waste water irri-
gation caused ~ sghift in soil fauna biomass towards earthworms and a
general decrease in species diversity. Earthworms are preyed upon by
a great number of animals and may become a potential source of pollu-
tion for these in an increasingly polluted environment. Getz, Best
and Prather, 1977, found highly increased Lead levels in starling kid-
ney and liver from urban enviromments.

In the present study is reported on uptake of Lead and Cadmium
in earthworms from sewage sludge amended s0il and the influence on
species composition. The up*.ake of these metals was also studied in
L. terrestris from the garden of The Royal Veterinary and Agricultur-
al University (RVAU) in central Copenhagen, adjacent to a main street
with intense uutomobile traffic. The investigations were supported
by the Danish Research Council, SJVF.
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METHOLS and MATERIALS

Sampling and treatment

Earthworms for metal analysis were sampled in sewage sludge
experiments performed at Askov Research Station, Southern Jutland,
in June and October 1977. Two types of sewage sludge were used, 1)
one with low metal content and 2)one with a high metal content, in-
dicated in Tables 1 to 3 by (L) and (H) respectively. Material for
metal analysis was obtained by digging. Material for species and bjo-
mass determination was extracted by the formalin technique using 0.5
m? sampling quadrat. Eight sampling units were taken per treatment,
which also include a O-treatment. The sewage sludge was given in
amounts equivalent to 30 tons sand free dry matter/ba, and contains
approximately 1000 kg N/ha. The following species w:re obtained:

A. longa, A. caliginosa Savigny, 1826, A. rosea Savigny, 1826, A.
chlorotica Savigny, 1828, and Lumbricus terrestris.

Material of L. terresiris was sampled by the formalin extrac-
tion technique in the RVAU-garden at stations 10, 20, 30, 40 and 50
metres from the side of a main street with intemse automobile traf-
fic.

Preparation of samples and extraction

From the sewage sludge experimeut were taken subsamples of
earthworms containing from 10 to 35, depending on size. Lead, Cad-
mium and Calcium were extracted from worms, sewage sludge, soil and
casts of A. longa by wet digestion in nitric-perchloric ucid with
subsequent analysis by atomic absorption spectrophotometry (Andersen,
1979 in press). From A. Tonga waste bodies located in the coelomic
sacs of the posteriormost region were isolated by dissection. Like-
wise gut wall material was isolated from behind the gizzard in 4.
longa and A. rosea. Metals from waste bodies and gut material were
extracted by wet digestion in 1 ml nitric-perchloric acid (4:1) in
test tubes Blaced in an alumisium block heated on a hotoplat:e, 3
hours at 80 C, 2 hours at 110°C and 1t to 2 hours at 180 C for evap-
orating most of the extracting solution. After cooling metals were
quantitatively transferred to test tubet with glass stoppers in 3 x
1 ml 2N HNO. diluted (1:20) in double deicnized water. Then were ad-
ded 1 m1 Na=citrate buffer and 1 ml 1% DDDC (Diethylammonium.N.N.
diethyldithiocarbaminate) in xyleme, an organic compexbi—~der. The
solution was shaken for not less thaz 2 minutes, with subsequent
analysis by AAS.

Fron. the RVAU-garden material of worms and soil were taken six
subsamples per station for metal analysis. Each subsample of worms
contained from 3 to 5 mature individuals. Soil pH was determimed in
Cacl,.

2

RESULTS

tal content of worms and soil from the sewage sludge experi-
ment is given in Table 1. In Table 2 is given metal content in A. lon-
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ga casts, sewage sludge and the top 5 em soil (scil/sewage sludge)
mixture from the experimental field. Data in Tables 1 and 2 are com-
bined from June 1977 and October 1977. Number of subsamples are from
2 to 7 except in A. rosea O-treatment, and A. chlorotica where there
was only material for one. Neither was there sufficient material for
analysis of A. caliginosa and 4. chlorotica from the O-treatment. In
Table 3 is given metal content in waste bodies and gut wall material,
Whole body and gut wall material was isolated from material fixed in
4% formalin and stored for one year in 707 alcohol. Lead and Cd con-
tent in the storage liquid was neglectible, 60 ppb Lead and 9 ppb Cd.
In Table 4 is given Lead, Cadmium and Calcium content in L. terre-—
8tris and soil, including soil pH from the RVAl-garden. In Figure 1
number and biomass of earthworms from the sewage sludge experiment
are given. It is seén that L. terrestris is also included here, but
material for mcetal analysis was insufficient. The reason for this is
that L. terrestris is difficult to obtain in sufficient numbers for
arnalysis by digging. In Figure 2 Lead is plotted against Calcium in
L. terresiris from the RVAU-garden. It is seen that there is a weak
correlation between Lead and Calcium cortent r = 0.5113. p < 0.01.

y = 0.0035 x + C.9106. There was no correlation between Cadmium and
Calcium content.

TABLE 1. Askov Research Station. Metals (ppm dr.w.) in earthworms

and soil.

A. longa A. rosea A. chlorotica A. caliginota Soil

Pb Ccd Pb Cd Pb Cd Pb Cd Pb Cd
Treatment
0 3.8 11.8 3.2 26.9 - - - - 15.3 0.29
SLUDGE (L) 4.6 5.7 4.7 10.9 4.6 10.9 6.4 6.9 23.2 0.65
SLUDGE (H) 5.9 9.2 5.5 19.6* 5.8 16.2 9,2 1C.9 38,9 9,99
*Significantly higher than sludge {L).
TABLE 2. Askov Research Station. Metals (ppm dr.w.) in casts
of A. longa, sewage sludge and soil.
SLUDGE CASTS SOIL
Pb Cd Pb Cd Pb Cd
Treatment
0 - - 13.2 0.14 15.3 0.29
SLUDGE (L) 396 14.6 45.0 0.53 28.2 0.65
SLUDGE (H) 2425 25.0 105.0 1.60 40.0 0.99




TABLE 3. Askov Research Station. Metals (ppm dr.w.) in A. Zonga
wacte bodies and gut wall, and A. rosea gut wall.

A. lenga A. longa A. rusea
WAS1E BODIES GUT WALL GUT WALL
Pb cd Fb Cd Pb Cd
Treatment
[} 60.0 15.4 31.4 16.1 12.0 16.1
SLUDGE (H) 89.2 12.9 31.6 15.0 23.7 15.0

TABLE 4. hVAU-garden. Soil pH. Metals (ppm dr.w.) in L. ter-
reatrie and soil. 10 to 50 metres from the roadside.

SOIL L. terrestris

pR Pb cd Ca Pb cd Ca
Metres
10 6.93 203 1.04 25300 23.7 21.0 5000
20 7.08 179 0.76 23000 13.3 30.8 3000
30 7.21 148 0.72 24000 18.9 32.5 4700
40 7.40 66 0.29 24000 7.2 29.1 2900
50 7.28 90 0.45 16100 8.9 12.5 4590

DISCUSSION

From Figure 1 it is seen that number and biomass per m? is
high for the species 4. longa and L. terre.tris. L. terrestris is
primarily a feeder on dead leaf material, but will to a high degree
also feed on the sewage sludge. When these data are compared with
plots rcceiving farmyard mauure with approximately the same nitrogen
content (1000 kg N/ha) (Andecsen in press) it is also seen that the
number of L. terrestris is slightly lower, but biomass higher and
that the proportion of adult biomass is very high compared to the
condition in farmyard manure. In slurry both number and biomass of
L. terrestris are very low. It may therefore be concluded that sewage
sludge suppresses reproduction in this species. In A. longa the pro-
portion of a2dult biomass is much smaller. Apparently this species is
not a surface feeder as L. terresiris, but nevertheless appears to
have a preference for particulate organic matter, and becomes dou-
inating in sewage sludge. In farmyard manure treated plots it is
likewise seen that the number of biomass of A. lonya is greater than
in slurry treated plots, whicn f£its well with this interpretation.
From Table 2 it is also seen that casts of A. Zonga contain copsider~
able amounts of Lead and Cadmium compyared to the content of the sew-
age sludge treated soil. It is therefore cor:luded that A. longa ac-
tively locates and eats the sewage sludge.

Upon dissection it is seen that in the posteriormost 10 or

more segments in A. Zonga the coelomic sacs were densely packed with
waste material. These waste bodies on microscopic examinatinn appear
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A. Biomass of Earthworms.

W Adults
0 Immatures

3 12345 12
0 S(L) S(H) SLU FINM.
B. Number of Earthworms.
i
-
-
T=345 12343 72333 T2 12345
0 S(L) S(H) SLU FIN

FIGURE 1. A. Biomass g/m? in June 1977 of the Earthworms: 1)A. longa,

2)A. ealiginora, 3)A. rosec, 4)A. chlorotica, 5)L. terre-
strig from the following treatments, 0 = zero-treatment.
S(L) = gevage sludge with low metal content. S(H) = .with

high metal content. FYM = farmyard manure, 1000 kg N/ha.
SLU = Slurry 1600 kg N/ha. The N content of sludge was
approximately 1200 kg N/ha.
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FIGURE 2.
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Regression of Ca against Pb content in the Earthworm Lum—
bricus terresiris from the garden of the Royal Veterinary
and Agricultural Unive.zity, Copenhagen, adjacent to a
main street, sampled at distances frow 10 to 50 metres
from street. The correlation coefficient r = 0.5113 is
weakly significant p < 0.01 at n = 29.
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to be surrounded by a membranecous structure and can easily be drawm
out of the coelvmic sacs witbh a neadle. The waste bodies posscss a
very heterogeneous structure and have a Lead content which is extraor-
dinarily high compared to the content of the worm in toto. (Table 3
and 1; 90 ppm Lead versus 6 p,m). The origin of these waste todies

is not clear, but they may reprerent transformed nephridia, which is
now being investigated. Material of L. terresiris also possesses such
waste bodies. In L. terrestris there appears to be a number of smal-
ler packages in the last f£ive to eight coelomic sacs as oppnsed to

A. longa where two or three large waste bodies fill up the entirec
space of the coelomic sacs in the ten posteriormost segmenis. Metals,
however, were not analysed in L. terresiris waste bodies, but as seen
from the better .eproduction in A. Zonga this species may be more ef-
fective in immobiiizing harmful substances in this way. This pheuome-
non may be part of au evolutionary strategy in especially A. longa,
being more dependent on processing large quantities of soil than L.
terrestrig, and therefore more exposed to pollution of any kind. The
posterior end may be easily lost and regrowm, and harmful substances
accumulated in this way may be eliminated. The number of such waste
bodies present may also be age-dependent. The occurrence of waste
bodies in other species has not been investigated.

High concentrations of Lead and Cadmium were also found in the
gut wall from A. longa and A. rosea. But rre difference in Cadmium
content between gut wall and whole animals inclusive waste bodies was
not so great as the differences in Lead content.

A. rosea, Table 1, is seen to concentrate Cadmium from the ex—
ternal medium with a factor 100 from untreated soil, but only with a
factor 20 from soil receiving sewage sludge with high metal content.
In A. longa Cadmium is also concentrated mostly f£rom .- rreated soil,
concentration fsctor 40. 1t thus appears that = . o 1. ‘artively
strongly immobilized in sewage sludge compared .. SRR
This is consistent with other investigations showi. g 1h Cd =~ i.
strongly adsorbed to litter and decomposed rlant matec;i: . (Somers,
1978) and humus (Tyler, 1972). In individucls from soil treated with
sewage sludge with a high metal content, Cadmium content is higher
than in individuals from soil treated with sewage sludge containing
less metal. This is seen in all species. However, variation between
subsamples is very great. and only in the case of A. rosea the dif-
ference between tue two \ypes of sewage sludge was significant. (Tab-
le 1). This great vaisiation may be caused by ineven age distribution
in the subsamples.

In L. ter::strie from so.l polluted by automobile traffic in
the RVAU-garden mchal conten* in general is highest (Table 4) close
to the stre-t. Froz Table 4 it is seen thatL soil pH is increasing
from 6.93, tun scires froa tne etreet, to 7.40 at 40 metres' dfsg-
tance, however, with a 'lrop to 7.28 at 50 metres' distance. Soil Ca
is generally high and the low pH values closest to the street may
be ascribed to acid pollution from the motor traffic.

Calcium content in L. terrestris was analysed, because Calcium
metabolism and Lead content may be associated. Recent studies have
shown that the -~hloragosomes of the chloragog tissues in L. terre-
stris (Prent¢, 1979) may play an impcrtant role in Calcium metabo-
lism in this species, pH regulation and ionic and csmotic regulation
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of the body fluids. A regression of Lead against Calcium in the RVAU
material showed a weak correlation between Lead and Calcium content

r = 0.5113, p < 0.01, Figure 2. Studies by Ireland (1975) have also
indicated this relationship. His studies were made in highly polluted
Calcium deficient soil, and at soil pH values well below 5. Therefore
the correlation nncer nearly neutral conditions will not be so strong.
In the RVAU-garden the earthworms seem to have unlimited access to
Calecium, but in the worms living closest to the sgtreet some Calcium
must have been used in stabilizing the internal milieu. pR of blood
and coelomic fluid is supposed to be slightly alkaline, pH = 7.3 to
7.4 (Drewes and Pax, 1974). This increased Calcium turnover will then
result in an elevated Lead level. The activity state of the woims may
also play a role in determining content of metals. In material of L.
terrestris from the RVAU-garden Calcium content was higher and Lead
content lower during reduced activity in December 1977 compared to
levels in active worms sampled in June 1978 (Andersen, 1979), but
mechanisms by which earthworms maintain salt and water balance under
normal conditions cf partial dehydration in the soil are little stud-
ied (Oglesby, 1978).

From the foregoing discussion it is seen that the uptake pattern

of heavy metals in earthworms is a complicated matter and may vary be-
twean species. Also different external factors are very impourtant,
notably soil pH and cuncentration of Calcium, including different food
sources of the earthworms. With respect to the question of earthworms
being a source of contamination for other animals it seems clear that
various birds and small mammals feeding on carthworme living in sew-
age sludge treated soil will be subjectad to ingestion of consider-
able amounts of Lead from the gut content and also Cadmium concen-
trated in the tissue of the worms. Therzfore communities being asso-
ciated with recycling of sewage sludge should be further studied.
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QUESTIONS and COMMENTS

N. BEYER: Would you expect that cadmium concentrations
in earthworms would increase with time, as the organic matter
is gradually broken down after an application of sludge?

C. ANDERSEN: Yes there is a possibility that Cd may
become mobilized if the sewage treatment is interrupted.

S.G. RUNDGREN: 1In fact the concertration of lead is
much higher in specific organs. We have made several analyses
of organs showing that there is a concentration and magni-
ficatio1 of lead in organs such as cerebral ganglion and
reproductive tissues.

C. ANDERSEN: Yes we have also pursued this possipility
but are unfortunately not able to present any results at
this time.

K. VOSE -LAGERLUND: Do you think you can use the Cd-
level in earthworms as a reliable indicator on Cd-pollution
in general? Will this be an inexpensive method in the future?

C. ANDERSEN: This is a possibility but further studies
are needed on the dynamics of cadmium with respect to local-
ization in specific compartments of different species of
earthworms.



VERMICOMPOSTING ON A HOUSEHOLD SCALE

Mary Appelhof

Kalamazoo Nature Center Inc.
USA

INTRODUCTION

The organic component of household garbage contri-
butes to increased loads in solid waste disposal operations
and, through garbage disposals, in wastewater treatment
plants. Either form of disposal, burying in landfills or
flushing it down the drain, wastes potentially valuable nu-
trients for plant growth. Gardeners who compost recognize
the value of recycling these organic wastes. During winter
months in colder areas, however, many "composters" seek other
ways to dispose of their garbage because they cannot get to
their compost piles through the snow. Previous work by the
author (unpublished, and Appelhof, 1974) has shown .that two
pounds of earthworms can process a pound of garbage a day.
This figure is supported by Roy Hartenstein's work with se-
wage sludge (Hartenstein, 1978) and Ronald Gaddie's work with
larger quantities of worms on city refuse (NEWSWEEK, 1976).

This project was designed to demonstrate that house-
hold garbage can be readily composted indoors during the win-
ter, using earthworms to process the garbage and coavert it
to humus. An experiment was set up to determine whether it
was foasible tc carry this out on a larger scale than that
of a single household.

MATERIALS AND METHODS

Three wooden bins were constructed of 3/4 inch ply-
wood: two single family bins (SFBY) 30.5 x 61 x 91.5 cm (1 x
2 x 3 £ft) and one multiple fauily bin (MFB) 30.5 x 76.5 x
245 cm (1 x 2% x 8 £ft). One-half inch holes wvere drilled in
the bottom for aeration. Bins were placed on legs with cast-
ers for convenience.

Shredded cardboard bedding (WORM CHOW from Worm World
Denver, Colorado) was soaked in water, wrung out by hand,
and placed in the MFB and SFB A to a level of approximately
20 cm. Newspaper shredded by nand, soaked in hot water,
and vrung out was used in SFB B tc determine whether this
readily availzble material could also be used as a bedding.
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Redworms (Eisenia foetida) donated by the Southwestern
Michigan Worm Growers Association were used as follows: 9 kg
(20 1bs) in the MFB, and 0.9 kg (21bs) in each SFB.

Household garbage from six low income families was bur-
ied weekly for 14 weeks; two families used the two SFB's, four
to six families the MFB. pH was tested using pH paper (Hydri-
on Vivid 6-8 range , Microessential Laboratories). Moisture was
determined empirically by squeezing a handful of bedding. A
stream of water or definite sogginess at the bottom was felt
to be too wet, extreme dryness on top, too dry. Burlap used
to cover the bedding reduced excessive evaporation of moisture
and curtailed vndesirable odors. B8ins were watered as needed.
Participants weighed and buried the garbage, tested pH, check-
ed moisture, and watered the bins.

A speciral analysis of the bedding for nutrient value
was obtained, and a sample was taken of the completed compost.
Worms were separated from the compost and bedding to be weigh-
ed on week 16. Compost and worms were distributed among tke
participants during week 17.

RESULTS

The amount of garbage buried per week and pH of the bed-
ding are shown in Table I. In the MFB, a total of 78.2 kg was
buried over a period of 14 weeks, averaging 5.58 kg/wk, or
1.35 kg (2.97 1b)/family/wk. Of the SFB's, one received a tot-
al of 3C.8 kg, averaging 2.3 kg (5.3 1b), the other a total of

TABLE I. pH OF BEDDING AND AMOUNT OF GARBAGE BURIED PER WEEK

MULTIPLE FAMILY BINS SINGLE FAMILY BINS
SEB A SFB B
Week kg garbage # fam. pH kg garbage pH kg garbage pH
1 3.4 5 6.9 1.3 5.6 3
2 5.1 5 6.6 5.6 6.6 z.g :°8
3 8.4 5 .
6.6 3.9 1.5 6.9
4 7.2 5 )
6.3 2.0 6.4 1.7 7.4
5 6.5 5 6.4 1.5 6.9 2.3 7.6
6 8.4 4 7.4 1.6 7.0 1.4 7.2
7 5.3 4 6.8 1.8 7.4 1.5 7.4
R 7.0 4 6.9 2.1 7.6 1.5 7.6
9 5.4 3 6.8 0.8 7.0 2.2 6.8
10 4.2 4 7.4 7.2 1.4 6.4
11 7.1 4 7.0 5.6 7.1 2.7 7.6
12 3.5 3 6.8 2.6 7.2 1.4 7.4
13 3.9 3 7.2 2.0 8.0 2.1 8.0
14 2.8 4 7.2 ) )
Total 78.2 58 30.8 75.4
Mean §.58/wk 1,35/fam/wk 2.37 /wk 1.95/wk
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25.4 kg, aveiraging 1.95 kg (4.3 1b) per week. pH of
the bedding ranged from 6.3 to 8.0.

Considerably less garbage (1.35 kg/fam./wk) was bur-
ied in the multiple family bin than in either of the two SFB's
(2.37 and 1.95 kg/wk).

Initial and final weights of worms, total amount of gar-
bage buried, and compost obtained appear in Table II.

TABLE II. AMOUNTS OF GARBAGE BURIED, COMPOST OBTAINED, AND
WORMS USED (kg)

MFB SFB & SFB B Total
Garbage buried 78.2 30.8 25.4 134.4
Compost 76,8 16.0 23.2 116.0
Initial worms 9.0 0.9 0.9 10.8
Final worms 2.25 1.05 0.79 4.09

Total wet weight of worms and compost was 116 kg. Con-
tributing to this weight was the original bedding (weight un-
known), and 134.4 kg garbage. Whereas bins were originally
set up with 10.8 kg worms, only 4.09 kg were harvested. The
presence of many young worms and capsules in the bedding in-
dicated that reproduction did take plave.

Types of garbage buried were lettuce, cabbage, celery,
beet greens, citrus rinds, banana peels, cereals, beans, bread,
egg shells, moldy leftovers, apple and potato peels, and over
40 different kinds of kitchen garbage. Meat scraps and bones
were not generally included, although on at least one occasion
chicken bones were buried.

On a qualitative basis, shredded newspaper appeared to
provide a satisfactory bedding, although it dried out more
readily on top and was more difficult than shredded cardboard
to prepare.

DISCUSS1ON

This work served to demonstrate to the participants
and to thousands of others that earthworms can cffectively con-
vert household garbage to compost, indoors, within a four
month period, and with almost no objectionable odor. Partici-
pants, all members of low income families, were able to dis-
tinguish and separate acceptable orzanic materials from unac-
ceptable materials such as rubber bands, foil, plastics. They
were also able to comprehend the neced for and maintain the rig-
ors of weekly trips to the Kalamazoo Nature Center to weigh
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the garbage, check pH, and water the bins. One motivation
for their continued enthusiasm and participation was the fact
that each participant would receive a share of the compost to
use in her garden and/or on houseplants.

There i3 no question that, combined with the wirk of
microorganisms, molds, fungi, and other decomposers, the gar-
bage is effectively processed by earthworms. How much they
can handle, or how much a given quantity of worms requires to
maintain its biomass 1s still unknown. The great reduction
in biomass in this experiment (greater than one-half) may be
attributed to inadequate nutrition. The experiment was de-
signed assuming that each family would contribute about 450
g garbage/day, or about 3 kg/wk. The results show that less
than half this amount was fed to the worms. Whereas six
families could have buried garbage in the MFB, only four did;-
since these four contributed less than half the expected
amount, the worm biomass far excceded the mass of food to eat.

The original worm population did reproduce--many cap-
sules and young worms were seen in the bedding. The greater
nutritional needs of this larger population were most likely
not met, and may further explain why biomass was reduced so
drastically. Other possibilities are that worms were dying
from toxic conditions created in the beds from their own

castings, lack of calcium in the environment, and lack of
soil.

CONCLUSIONS

Household garbage from six low income families was ef-
fectively converted by 10.8 kg redworms (Eisenia foetida)
to worm castings and compost over a 16 week period. The ave-
rage amount of garbage buried/family/wk was 1.6 kg (3.5 1b),
for a total 1f 134.4 kg (298 1b) over 14 weeks. Both shred-
ded cardboard and newspaper served as satisfactory beddings.
Wet weight of the compost produced was 116 kg. Further work
needs. to be done to determine optimum worms/garbage/bedding
ratios.
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RECULTIVATION OF REFUSE TIPS: SOIL ECOLOGICAL
STUDIES.

W. Brockmann, H. Koehler and T. Schriefer

University of Bremm
West Germany

Many problems arise with the recultivation of a refuse tip and its
preparation for later commercial or public use. They are related to
the underlying material (garbage etc.), to the new artvificial topo-
graphy of the dump and to the undeveloped soils of the refuse tip cover.
In order to find a basis vor ecological recultivation measures on refuse
tips, soil ecological studies on test sites in the vicinity of Bremen, FRG,
have been undertaken (temperate climate, precipitation 728 mm/yr, average
temp. 9°C). Three selected studies are presented, two as preliminary re-
ports.

The Influence of methane on the immigration to refuse tips by Lumbriclids

Research slte and methods

Six waste disposals, controlled tips as well as uncontrolled uncovered
tips were examined with special reference to the earthworm fauna.

The formalinmethod according to Raw was used {Raw, 1960). Sample squares

vere 0.25 and 0.125 mz. The biotop study was done during April and June 1978.

Sotl air conditions were measured with Drédger ,Gassplirgerdit Mod 21/31.

Two sites of different age (3 yrs and 5 yrs after covering) on the same
refuse tip were investigated in respect to immigration mechanisms out of
the surrounding habitats.

Results and discussion

Figure 1 shows the state of immigration, the abundance, the vegetation
cover and the soil-air conditions. Lumbricus rubellus and Dendrobaena
octaedra (south exposition) are the important colonizing species on this
covered waste disposal. Horizontal - and deep burrowers are unimportant.
Eisenla tetraedra was frequently found in the zone of percolating water.

The immigration speed is about 4 m/yr towards the tipplateau.

On the covered waste disposals the immigration of the soil cover by
earthworms is hindered by bad soil aeration.
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FIGURE 1s Immigration of Lumbricids on two sites ¢f different age
(3 and 5 years after covering) on the same refuse tip
slope. Graphs from top to bottom: State of immigration,
abundance, vegetation cover, soil-air conditions, soil-
moisture (F) and soil-activity.

The study has shown, that earthworm-immigration is affected by
Oz-concentrations below 15 col% and C02-concentrations of more than
6 vol¥ (15 cm depth).

Methane and carbondioxyd production from the underlying waste force
out the atmospheric oxygen even of upper soil layers (Tabasaran, 1976).

Damage on the vegetation was observed when 02-concentrat1’ons vere less

than 15 vol%.
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The correlation analysis shows both high significance between
02-concentration and vegetation cover as well as between Oz-concentra-
tion and abundance of earthworms. It is not known whether the immi-
gration is hindered directly by the bad soil aeration or indircctly by
the absence of plant cover.

The Influence of soll cultivation and compaction on the

Enchytraeid community (prel. rep.)

Introduction

The negative effects of soil compaction on terrestrial invertebrates
are evident (Wilcke, 1963). In field and laboratory investigations on
soil animals (Acari, Collembola, etc.) a decrease in numbers was found
when compacting clay grassland soil (Aritajat et al., 1977). This report
shows preliminary results of field experiments on Enchytraeidae after
mixing and compacting clay grassland soil. The transported and disturbed
soils of waste tip covers are characterized by destruction, drainage and
compaction of the habitat the soil fauna lives in. These factors may cause
difficulties in recolonization and erection of a terrestrial ecosystem of
high stability.

Research site and methods
Preinvcstigations were done in July and August 1978 on a clay grassland
so0il within an area of 8 x 24 m. For treatment this range was splitted into

three equal test plots (64 mz) on the 16.9.1978. Plot 1: remained untreated.

Plot 2: soil was loosened down to 15-18 cm by rotary cultivation. Plot 3:

treated 1ike plot 2 and once compacted with an UNIMOG tractor (1.01 kp/cmz).

Samples were taken randomly at intervals of two weeks and one, three, six
and nine menths after the treatment. Twelve soil cores each with 20 cmz
surface and 15 cm depth were examined from the three test plots and divided
intc 5 cm layers. These 100 cm3 samples were extracted in an apparatus
functioning according to the method of O'Connor (0'Connor, 1962).
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Results and discussion

Results ( FIGURE 2 ) are means of 12 samples. The distribution pattern
shows aggregation, typical for Enchytraeids (0'Connor, 1971). 14 days after
the treatment significant density decrease is observed on plot 2 and 3.
Compared to the control-plot 1 the compacted plot is marked by a continuous
decrease of abundance (up to 90% in June 1979) throughout the investigation
period.

A correlation between compaction of soil and decrease in numbers of
Encnytraeids on the experimental piot is obvious. Correlation studies be-
tween the reduction of Enchytraeids and the volume of macro-pores (>501)
are in progress.

Seasonal Variation of the Abundance of ENCHYTRAEIDS
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164



On plot 2 the original abundance has nearly been reached 9 months
after the treatment. High precipitation and high soil humidity during the
study period (Sept. 78 - June 79) as well as an increase of soil pores
> 50 u for about 55 % has promoted the fast regeneration of Enchytraeids.
The usual dry summer months with rapid evaporation of water from the
bare soil surface and the high soil temperature on the treated plots may
cause additional negative effects on the remaining fauna. Further comparative
investigations on the terrestrial invertebrates will be of high interest for
the probler of recultivating refuse tips. In such places the abiotic and
biotic conditions in general are even worse than on the described test
sites.

Comparison of the soll mesofauna of a dump with an adjacent meadow wlith
special reference to Acari and Col [embola (prel. rep.) ,

Introduction

One of the problems concerning the recultivation of vwaste disposals is
th. relatively undeveloped so0il fauna of the cover. “he colonization from
the surrounding habitat is controlled by the physical soil conditions and
by the dispersal power of the colonizing species. For a zoological soil
diagnosis mites are very useful, since their abundance is enormous (up to
z x 108 ind/n? in the studied grassiand) (Strenzke, 1952).

[T S

Research site and methods

A marshland clay grassland adjacent to a dump near Bremen, Fed.Rep.Ger.,
has been investigated since Feb. 1978 monthly. A simultanepus Study on both
sites, dump and meadow, started in June 1979. Generzliy, 12 samples. of
20 cmz surface and 15 cm depth were taken and cut into cylinders 5cm deep
(100 cm3). These samples were treated in a modified Macfadyen Canister
Extractor (Macfadyen, 1961), 4 days in “umid regime (up to 35°C), the
following 6 days in dry regime (up to 60°C). The organisms ar2 collected
in picric acid and then transferred to an alcohol-glycerin mixture (Voigts,
Oudem2ns, 1906), for counting under a binocular microscope.

The abiotic data are from June 79, the biotic data from June 73 (meadow)
and June 79 (dump).
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Results and discussion

The characteristiics of the two sites are:
Grassland: full vegetation cover (Alopeccurus pratensis, Festuca rubra),
well developed humus, high perceatage of clay (sand ~ 15 %), high
moisture (~ 50 %), low pH (4.0 - 4.5). Refuse site: well developed pioneer
vegetation (Cirsium arvense, Artemisia vulgaris, Tanacetum vulgare, Poa
div. spec.), little or no humus, sand with some clay, low moisture (< 15%),
medium pH (6.8 - 7.3).

As shown in table 1, the abundances especially of the Acari differ
strongly on both sites.

Tab. 1: Abundances (ranges) of Acari and Collembola of meadow (June 78)
and dump (June 79); ind/mz X 103, 0-15 cm depth.

Meadow Dump
Acari 168.4 - 1837.6 4.4 - 72.8
Collembola 68 - 119.2 7.6 - 70

In the meadow, the abiotic conditions are very favorable for oribatids
(Strenzke, 1952). Here they represent nearly 60% of the mite community. On the
disposal site, however, oribatias in addition to being slow colonizers fird
suboptimal abiotic conditions, which is reflected by their low abundances
(Karg, 1962b, 1967;Fig. 4 ). Gamasids and Tyroglyphids, both highly mobile
species with high dispersal power through phoresy make up the major fraction
of the Acari community (Stammer, 1962). A predator-prey relationship between
these two groups has been suggested by Karg (1961).

The trophic structure of the Acari and Collembola communities of the
two investigated sites are very similar. The relative abundances of decom-
posers (Collembola and mites without Gamasids) in relation to predators (Ga-
masids) are comparable (meadow: 90/10; dump: 85/15, Fig. 5). This suggests
that tne two years old plot on the dump has recovered a certain stability.
Further studies on the structure o the communities are under progress.
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PHYSIOLOGICAL AND ECOLOGICAL ASPECTS OF THE
COSMOPOLITAN OPILIONID, Phalangium opilio

Arlan L. Edgar

Alma College
UsA

INTRODUCTION

The daddy longlegs Phalangium opilio L. is probably the
best known member of order Opiliones {= Pha angidag. 1t was

known to Aristotle, mentioned by Robert Hooke and was the only
opilionid species named by Linnaeus (Savory, 1962). Many medieval
naturalists made recognizable illustrations of it. The species has
been recorded from many parts of Europe, North and Central Asia,
Asia Minor, North Africa and Nor.: America (Spoek, 1963). Forster
(1947) reports that it is the only non-endemic opilionid in New
Zealand. Indeed, one may conjecture that this was the species
that prompted the conmon names "harvestman" ard “reaper" of the
group in England and France, respectively. The most descriptive
name, daddy longlegs, possibly was given to P. opilio in America
although common woodland species of Lefobunum have longer legs and
smaller bodies and also may be the basis for this term.

Perhaps the main reason for our familiarity with P. opilio is
its occurrence around mans disturbance of nature. Typical habitats
include roadsides, fence rows, lawns, gardens, edges of fields and
foundations of buildings (Clingenpeel and Edgar, 1966; Sankey and
Savory, 1974). These relatively exposed locatirns are not used
ordinarily by other opilionids except by a few long-legged forms
in mating season and occasional populations of Qpilio parietinus
(De Reer; in late fall.

The majority of species in any opilionid fauna are under some
kind of cover. They may bc in forest shade, near the grcund under a
vegetative overlayment, in fallen litter interstices or in the soil.
Why then is P. opilioc different? Why is there little overlap in the
habitats of P. opilio and virtually all others?

LIFE HISTORY AND DEVELOPMENT

Most woodland opilionid species reach adulthood in late summer,
then mate, oviposit and die in the fall. A few mature in early
summer and produce eggs that hatch in the ¥all. In the former, the
species pass the winter as eggs while the latter overwinter as
immatures. In both cases there is one generation each year.
Phalangium opilio exhibits a third pattern. Wintering over occurs
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both as eggs and immatures. Hatching occurs in the spring and also
in mid summer when the winter juveniles reproduce. Oviposition is
done both in mid summer and in late fall. Thus mature adults may be
seen during a large portion of the summer and fall in temperate
latitudes since two populations of adults are produced each year.

Phalangium opilio is more noticeable in the fall than any other
time. When man is preparing shrubs and perennials for winter,
harvesting crops and garden produce in anticipation of frost P. opilio
adults are fully mature. They exhibit considerable movement; maf%ng
behavior is easy to observe. Clutches of yellow eggs may be encountered
under rocks and solid debris at building foundations and vegetative
borders. The cue of declining seasonal temreratures apparently
stimulates the species to mate and oviposit.

Egg development requires a cold diapause in several species
(Holm, 1947). Without it Opilio perietinus development goes to the
blastoderm stage and stops. Embryonation of P. opilio egqgs proceeds
at a rate controlled by temperature but without the necessity of a
cold period. As a consequenre, it can be considerably more exploita-
tive of its enviromment than diapausal species. P. opilio is able

to utilize favorable environmental conditions to maximize population
size.

Opilionid eggs are very susceptible to dessication and fungal
attack. Eggs whose development has been terminated both by evaporative
fluid loss and mold colonization have been recovered in nature. Any
phalangid species that withstands a broader moisture regime during
egg development will have a reproductive advantage. In laboratory
incubations. P. opilio egys have tolerated greater relative humidity
fluctuation and resisted mold growth more successfully than the
woodland species, Leiobunum longipes Weed, found frequently in
contiguous habitats. Eggs of the two species incubated side by side
in the Taboratory reacted differently at both very high humidities
and Tow ones. Yuan and Edgar (unpublished) observed that eggs of
P. opilio develop and hatch with greatest success in an atmosphere
of 94 to 98% RH. Klee and Butcher (1968) hatched P. opilio eggs
on a substratum of styrofoam in 1/8" dia. holes approximately 3/4"
deep in an atmosphere of 75-90% RH. The relative humidity around
the eggs probably was much higher, however, since the styrofoam blochks
were "kept moist®.

Young P. opilio survive more successfully in labiratory
colonies than do other species. The general hardiness of eags and
young of P. opilio, along with the 1ife history characteristic of
several stages of development in a population at all times, appear
tg be major factors enabling this species to survive the disturbance
07V man.
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HABITAT ANALYSIS

. The open, relatively exposed habitat of Leiobunum vittatum (Say)
i1s as similar to that of P. opilio as may be found in the Great Lakes
Regfon. Leiobunum vittatum is widely distributed in the northeastern
United States. The spectrum of environments where it has been found
ranges from the trunks of Populus growing in sand dunes to the edge

of a quaking mat bog. It apparently adapts readily to new conditions
and tolerates severe physical extremes. This species frequently
inhabits vegetative burders and ecotones from dense forest to open
fields where there is exposure to sun and relatively free air movement;
however, it is not abundant around man‘s disturbance. Of all the
non-anthrophilic opilionids it occupies a habitat most 1ike that of

P. opilio in terms of temperature, 1ight and relative humidity. For
this reason the habitat of P. opilio is compared with that of L.
vittatum and occasionally, for contrast, with woodlana species of
Leiobunum and with a sometimes companion of P, opilio, Opilio parietinus.

¢ In order to explore the habitat preference as well as the
vertical distribution of the various opilionid species, a number of
localities were visited and at each locality, organisms were collected
at three separate strata (ground layer, understory, uppercanopy). For
each stratum at eack locality, both the abundance of organisms and
the density of cov:r were estimated on a scale of 1 (sparse) through
5 (dense). Thus, after sampling was complete, it was possible to
compare the relative abundance of the opilionid species in relation
to the cover density in each of three height strata. The abundance-
cover profile (Figure la) attempts to combine a visual estimate of
both the relative abundance of tFe opilionid species and the density
of its associated vegetative and other shade producing cover (Edgar,
1971). Data from 42 sites are combined in Figure la. A weighted
percentage abundance of organisms in each vegetative strata is plotted
versus increasing cover density (sparse = 1; dense = 5). Details of
how the percent abundance was weighted and of the other calculations
may be seen on p. 41 in Edgar (1971).

Dense grass, other ground layer vegetation and foundations of’
buildings, support the highest populations of P. opilic. The sum of
abundance-cover densities 3, 4 and 5 in ground layer accounts for 84%
of total. In other strata, P. opilio is high when shrubs and brushy
vegetation are very sparse (1+2 = 94%¥). The characteristic upper
canopy seldom is dense to moderately dense (1+2 = 76%) when supporting
high populations of P. opilio. In the majority of instances there are
?o tiees (% = 53%) present where P. opilio is in greatest abundance

rigure 1a).

The habitats of most opilionids can be characterized not only hy
density of vegetative cover but also by dominant tree species of the
upper canopy. For P. opilio the unusual categories "buildings," and
“grass" need to be addeg. Figure 1b indicates that buildings were the
most frequent dominant "upper canopy” in 43% of the sites where P.
opilio was collected. Maple and elm canopies were dominant but jass

requently so. Above average abundances of P. opilio were encountered
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in aspen, grass and around buildings. This species was never or
seldom collected in several dominant canopy species. Since very few
collections of P. opilio were made where aspen was the dominant upper

canopy this high abundance value may be considered mainly the result of
small sample size (Figure 1b).
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FIGURE la & b. (a) Abundance-cover profile plotting weighted
percent abundance of Phalangium opilio* versus increasing cover density
(1 = sparse; 5 = dense), and (b) Relative occurrence and abundance of

Phalangium opilio in the major canopy groups. iUnderstory cover, when

associated with buildings was assigned a value of 1. **percent of
collection sites. (Modified from Edgar, 1971)
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By comparison the habitat in which Leiobunum vittatum (Figure 2a
and b) i{s most abundant is characterized by moderately dense to dense
upper canopy (3+4+5 = 80%) and ground layer vegetation (3+4+5 = 86%).
Understory is sparse (1+2 = 46%). Al1 groups of dominant canopy species
are colonized by L. vittatum (Figure Zbg with no group supporting a
population density clearly greater than any other group.
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FIGURE 2a & b. (a) Abundance-cover profiie plotting weighted
abundance of Leiobunum vittatum* versus increasing cover density
(1 = sparse; 5 = dense), and (b) Relative occurrence and abundance
of Leiobunum vittatum in the major canopy groups. “**percent of
collection sites. (Modified from Edgar, 1971).
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The abundance-cover profile of the forest opilionid, L. longipes
shows how comparatively protected it is from moisture and 1light
extremes (Table 1). Leiobunum longipes has a three strata total of
267 (300 possibie) as compared wit for L. vittatum and only 122
for P. opilio. This suggests that shade is dense and the soil is at
least mesic to support this density of vegetative cover where
L. longipes is most abundant. The non-anthrophilic, ecotonal L.
vittatum is found most abundantly in close proximity to rather dense
vegetative cover. The anthrophile, P. opilio, has a stratal total
dramatically lower than both L. vittatum and L. longipes.

TABLE i. A comparison of habitats of three opilionids using
cover-abundance profiles of Edgar (1971)

1) Species, 2) Association with man and 3) Habitat

Stratum 1) Leiobunum |, Leiobunum Phalangium
longipes*® vittatum opilio
2; Non-anthrophilic Non-anthrophilic Anthrophilic
3) Protected Ecotonal Exposed
Upper canopy 3+4+5 = 97 3+4+5 = 80 3445 = 24
Understory 3+4+5 = 96 3+4+45 = 54 3+4+5 = 14
Ground layer 3+4+45 = 74 3+445 = 86 3+4+5 = 84
267 220 122

*Edgar, 1971, Figure 6, p. 44

On the basis of habitat analysis alone P. opilio and L. vittatum
might be expected to be more able to withstand environmental extremes

than L. longipes. Further, P. opilio should have additional physiological
and/or behavioral attributes over L. vittatum to exisi successfully in

its physically harsher environment.

PHYSIOLOGICAL ECOLOGY

Light and activity

In a light gradient both male and female P. opilio occupy a zone
of higher intensity than two other opilionid species (Figure 3?.

Leiobunuin politum Weed and L. vittatum, which are found in habitats
contiguous with that of P. opiTio in Michigan (Clingenpeel and Edgar,
1966). The order of dark-to-1ight preference is predictable on the basis
of the usual habitat of each species. The habitat of L. politum is
typically denser and supplied with a more constant source of moisture than
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L. vittatum, and 1ikewise, L. vittatum occupies a more protected
position in relationship to suniight than does P. op:lio.

’/\"\/\( ,—N\'\—-—- P OPILIO
*7

MALES
|oJK‘_*ﬁq\\,+—’_-,_,_,_4//~*\““—' L.POLITUM

0 +—r—r——r—r—r—r—rr—rrrTrTr e

ROPILIO

20 FEMALES

o LVITTATUM
L.POLITUM

------ e e ————

4] T !
SAM 10 n” 20M 4 ] 8 10 3

40

LIGHT IN FT.- CANDLES

TIME OF DAY

FICURE 3. Light intensity preference of three species of
phalangids in a 1ight gradient. Dots indicate the location of
individuals in a 1ight gradient.

In nature, males are generally more conspicuous. This is borne
out in the laboratory gradient by the fact that the males of all three
tested species generally were found in a higher 1ight intensity than
females (Figure 3).

From these data there appears to be no cunsistent reaction to
light on the basis of time of day. However, another study (Edgar and Yuan,
1968) indicated that there 1s more activity by both sexes of P. opilio
during dusk and darkness and relative inactivity in daylight {Figure 4).
Periods of virtually no activity closely parallel times of the day
when 1ight intensity {s the greatest. Ninety percent of total activity
occurred between 6 p.m. and 6 a.m. In its natural, relatively exposed
habitat this activity pattern should allow P. opilio maximum conserva-
tion of body mofsture since it avoids daily temperature extremes and
is most active when ambient humidities are the highest.
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FIGURE 4. Averaged activity of Phalangium opilio in normal

light.

The general pattern of inactivity during daylight and activity
during darkness is seen in several species of Leiobunum and P. opilio
(Edgar and Yuan, 1968). Activity was measured in the laboratory hy
tallying the number of times the animal walked the length of an activity
chamber. During periods of activity, approximately 6 p.m. to 6 a.m.,

P. opilio is conspicuously more active than all seven species of
Leiobunum tested (Table 2). It travelled 25 times more distance than

the ecotonal L. vittatum and forest L. longipes. This considerably
elevated activity Tevel suggests that P. opi[ir does not have to depend
on immobility and seclusion for prctection against its enemies but

rather can move about more freely in search of food, mates and protection
from the deleterious aspects of its physical environment,
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TABLE 2. (Comparison of mean total activity per day by Phalangium
opilio, and seven species of Leiobunum in normal light. (Modified from
Edgar and Yuan, 1968)

P.o.1 L.n12 L.c.3 L.ve.4 L.no.5 L.p.6 L.vi] L.'I8
& L68* 449 109 26 40 31 17 17
g 555 317 58 54 16 13 28 27
Mean 561 383 83.5 4 28 22 22.5 22
Activity 25.5 17.3 3.8 1.8 1.3 1 1 1

Ratio

1 Fhalangium opilio, 2 Lz2iobunum nigripes, 3 L. calcar,
4 L. ventricosum, 5 L. nigropalpi, 6 L. politum, 7 L. vittatum, ,
8 L. Tongipes -

*Number of trips from one end of chamber to the other for all
individuals tested.

Relative humidity and survival in dry air

Opilionids in a humidity gradient appear to select higner
humidities after a short period of orientztion (Todd, 1949; Clingenpeel
and Edgar, 1966). Few species have need of a particular relative
humidity within 12 to 15 hours of deprivation from food and water. As
time passes and body water is depleted, they appear more sensitive to
moisture levels in the air and this is expressed by movement into
higher humidities (Edgar, 1971).

Comparative survival in a humidity gradient should indicate
something about both the hardiness of a species to withstand the
extremes in its environment and hardiness in relatinnship to other
species tested. In this respect P. opilio is comparable to L. vittatum
and both are much mere tolerant to desiccation than L. politum
(Clingenpeel and Edgar, 1966).

An extension of this measure of comparative hardiness is survival
in dry air. Adults of both sexes placed in dessication chambers 1ive
varying periods of time. Rate of loss of water, and percent loss of
body weight are fac*tors which affect survival time. The animals
surviving longer lose water slower and/or are able to withstand greater
weight loss before death. Among four spacies of Leiobunum, including
L. vittatum and L. go]itum referred to earlier, L. Vittatum survived
more than twize as Tong as the other three; P. o 1170 survived 13% longer
than L. vittatum (Edgar, 1971) (Table 3). Considering all three
criteria, survival time, percent body weight loss and rate of body
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weight loss, P. onilio out performed the four Leiobunum species tested
on all counts except one (female L. vittatum lost body weight slightly
slower than female P. opilio).

TABLE 3. Response by five op*lionid species in dessicationr
chambers (modified from Edgar, 1971)

Survival Body wt. loss! Rate of body
Species time (hrs.) (per cent) wt. 1oss (%/hr.)
d 2 7 ? g ?
L. politum 18.4 38.6 40.0 44.6 2.76 1.36
L. longipes 25.1 59.1 36.7 38.1 1.67 0.83
L. calcar 37.0 47.5 43.5 45.6 1.33 1.0
L. vittatun 56.4 116.1 43.7 48.9 0.81  0.48
P. opilio  75.6 120.0 48.3  57.6 0.72 0.52

1 calculatud at time of deata.

Temperature tolerance

Given access to a range of temperatures, cpilionids might be
expected to spend the most time in a narrower range that represents
conditions they encounter in nature. Results obtiined from several
species having access to a temperature gradient for a period of several
hours appear to bear this out (Figure 5). Six opilionid species in
such a situation show mean values which appear to accurately reflect
the degree to which they are exposed to temperature influence from the
sun and evaporative cooling. The mean temperature values for Leiobunum
vitattum and P. opilio were substantially higher than three woodlan
species nf Leiobunum and suggest that both are well adapted to higher
summer temperatures. In contrast, 0. parietinus is often found on the
shadea side of cement walls where usually the humidity is high and the
substrate is cool. Its mean temperature preference of 19.70C is to be
expected and lends further authenticity to the temperature mean for

P. opilio.
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FIGURE 5. Mean temperature preferences of six species of
pha]ang1ds, based on location in a temperature gradient at successive
half-hour intervals. Limits of gradient are indicated by cross lines
at ends of time bars. Each point is the mean of 3-5 values (from
Edgar, 1971).

SUMMARY

Phalangium opilio has been reported from widely separated
regions of the world and probably is the best known species in order
Opiliones. It is anthrophilic, being associated with mans disturbance
in gardens, lawns, roadsides, building foundations and fields. The
occurrence of other opilionids around man probably is incidental to
their search for food, shelter or mates.

More than one life history stage of P. opilio exists at a time
and the eggs develop to hatching without a cold diapause. Both eggs -
and young are more hardy than other species in laboratory manipulations.

Compared with that of associated opilionids the habitat of
P. opilio is more exposed to broad extremes of light intensity and
moisture. The density of vegetative cover is low. Trees seldom are
as important as grass and buildings for shelter.

In laboratory experiments involving light, water and temperature
the performance of P. gpilio matches what would be predicted on the
basis of the natural environment of the species. It chooses higher
light intensities and temperatures, survives fonger in dry air and moves
about more than associated species.

Phalangium opilio appears to be well adapted for survival around

mn.

’
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QUESTIONS and COMMENTS

M.S. GHIIAROV: In what meaning do you use the term
"survive desiccation" - ability to lose water and survive,
or being protected from water loss. (According to my and
L.M. Semenova's data the epicuticle of Ph. opilio is very
thick especially on tergites).

A.L. EDGAR: I don't have histologic data to indicate
exoskeletal thickness or waxiness of the caticle. 1In fact,
the gquestion could be asked vhether death occurs from desic-
cation (water loss) or from suffocation. The answer to that
is likewise not known specifically for the opilionids tested.
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ACTIVE AND PASSIVE DISPERSAL OF LUMBRICID
EARTHWORMS

Donald P. Schwert

North Dakota State Uniersity
usA

INTRODUCTION

Gates (1972), through the cooperation of the United
States Bureau of Plant Quarantine, accumulated considerable
evidence to suppo-t his hypothesis that the lumbricid fauna
of northern North America represents principally species
introduced there and distributed within the continent by man.
0f the 3400 earthworm specimens seized by inspectors from
imported plants during a 15-year period, nearly 1600 were
Tumbricids, representing 16 species. Because manr of these
species, in addition tn other lumbricids, are hLalarctic or
even "-~osmopolitar® (sic Gates 1972) in dicstribution, it is
easy to follow Gates' (1970, 1972, 1976a) reasoning that the
present range of each reflects their transport to other
regions by man. For North America, alone, Gates (1976b)
Tists 24 lumbricid species as “exotic,”"” the source continent
of most of these lumbricids presumably having been Europe;
transpcrt to North America was probabkly accidental, such as
earthworms trapped in ship ballast or among the roots of
imported plants.

In North America today, the dense distribution across
the continent of many of these "exotic" lumbricids (e.g.
Lumbricus terrestris L., L. rubelius Hoffmeister, Aporrec-
todea spp., Octolas ion spp., and others) precludes the
determination of the place(s) and time(s) of their introduc-
tion. Indeed, fossil evidence (Schwert 1979) indicates that
at least one of these widespread "European exotics," Dendro-
drilus rulidus (Savigny), was inhabiting North America over
10 900 years ago, certainly well hefore the arrival of
European settlers. The 1imited distribution of some other
"exotic" lumbricids in North America, however, clearly
indicates the generat region, :f not the exact time, of
their introduction to this continent. A population of the
European lumbricid Aporrectodea icterica (Savigny)., now well
established in the region of an arboretum in southern Ontario,
Canada, probably originated from trees imported to the site
from England in 1971 (Schwert 1977). The limited distribu-
tion, outlined by Reynolds (1976) of Lumiricus festivus
(Savigny) within the Saint Lawrence watershed of eastern
North America, appears to represent a species introduced to
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that ragion in one or more isolated localities decades or
perhaps centuries agec and since slowly expanding its range
outward from the valley.

Unfortunately, Gates and others have probably relied
too much on man as the agent responsible for the present
Jumbricid distribution in northern No:th America. C(ertainly
while beirg a major, if not the primary, infliuence cn earth-
worm distrithution, mar cannot claim responsibility for the
total distribution. We now know that endemic earthworms,
including geophagous species, often densely inhabit the
northern Appalachians and even some deglaciated areas of the
continent; given so many thousands of years since deglacia-
tion "to eat their way" (sic Gates 1976a) over these moun-
tains, it is not surprising to find the endemic lumbricids
Bimas tos Or Eis encides throughout the state of Pennsylvania
and even into New York and Massachusetts.

The seemingly sedentary nature of earthwcrms is mis-
leading. 1In northern North America, most lumbricids are
remarkably active throughout the spring and autumn, and, in
the southern regions, winter. Whether one accepts or re-
jects Gates' premises on their present distribution, the
wide and dense distribution of many of these species across
North America have benefited from their extraordinary
abilities at natural dispersal. Of the three to be men-
tioned, one is an active mechanism, while the other two
involve passive dispersal through other natural agents.

A1l thrae are in qeed of further investigation, and addi-
tional mechanisms probably exist.

STREAM DRIFT

The moist lowlands adjacent tc streams and lakes are
often ideal habitats for many species of Lumbricidae. Sig-
nificant activity of these earthworms at or near the surface
occurs when temperature, moisture, and light conditions per-
mit. Inevitably, many individuals are washed into these
waterways {rom surface runoff resulting from rainfall and
snowmelt or from mass movements of soil during erosion, and
they can potentially be transported 1ong distances down-
stream. Bouché (1972) noted that several species of earth-
worms inhabit only particular drainrage basins in France and
hypothesized that stream drift was probably an important
factor in influencing their distribution. Ward (1976)
applied a similar hypothesis to explain the recolonization
of a riffie area by the lumbricid Eisenieilla tetra-dra
tSavigny) in a Colorado stream. Although adult lumbricids
can remain submerged in aerated water for prolonged periods
(Roots 1956; Edwards and Lofty 1972), the mortality rate of

183



individuals must be high during stream transport due to
predation and physical battering. Nevertheless, live lum-
bricids can be frequently seen on stream bottoms, and the
potential value of this drift to the dispersal of the spe-
cies involved must be considerabdle.

During an analysis of a small stream in southern
Jntario, Canada, Schwert and Darnce (1979) recovered over
300 lumbricid cocoons from drift sarples. Of the total,
92% wevre found to contain .perm and albumen or some stage
in the development of the embryonic mass; these were he-
l1ieved, therefore, to be viable and potentially capable of
hatching. From identification of the cocoons, they were
found to represent at least six gerera of Lumbricidae, ali
of them common to that region.

The small size and tough, snheroidal outer wails of
these cocoons are, uniike the adult worms, ideally suited
for long and rigorous transport downstream. Their palat-
ability to fish is unknowxn, but presumably low. Roots
(1956) demonstrated that cocoons, such as those of the lum-
bricid Allolo bophora chlorotica (Savigny), could success-
fully hatch while submerged, with the young also undergoing
normal growth in a submerged environment. From the remark-
ably high viability of the stream drift cocoons, their
successful hatching could, likewise, be expected in areas of
a stream where the cocoons had been deposited near the mar-
gin or in the bottom sediments of pools. Consequently, these
transported species would become established in lowland areas
downstream of their original source.

Since this study, numerous cocoons have been isclated
from other streams in Canada and the United States, and this
phenomenon appears to be widespread. Further investigation,
however, will be needed to determine the degree in which such
d:spersa1 may have actually influenced lumbricid distribu-
tion,

MASS EMERGENCE

In northern North America and Europe, the mass emer-
gence of lumbricids during periods of heavy rainfall or dew
is a common, yet poorly studied, phenomenon. Such emergences
were first described by Darwin (1881) and were subject to
casual analysis by Friend (1924). Because this occurrence
is more often witnessed in areas affected by human civiliza-
tion, the deaths of often hundreds of thousands of individ-
uals stranded on drying streets and sidewalks have led to
popular conceptions that the dying earthworms were 111,
poisoned, or drowned. Lankester (1921), Merker (1926, 1928),
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Nishida (1951), and others, in search of a more scientific
explanation, proposed that through chemotaxis the worms are
forced to the surface as the oxygen supply to the soil is

cut by rain saturation; Shiraishi's (1954) experiments failed
to demonstrate this. Doeksen (1967) proposed that similar
types of "migrations" observed in wet, foggy greenhouscs
result from behavioral changes in the worms resulting “rom
increased hydrogen sulphide concentrations in the soil.
svendsen (1957), wicthout seaking a chemical factor to explain
surface activity, proposed that some species actively search
for food sources during rain; in his experiments, he noted
that several lumbricid smecies aaggregated to dung through
movements at or near the surface during moist conditions.

However precipitation actually triggers such surfac-
ing, these mass emergen:es are so predictable in occurrence
and so massive ir scope, usually affecting several species
at one time, that an auditional hypothesis may be proposed
with respect tn the foilowing two points:

1) Mass emergences occur primarily during periods of
cool, moist Eghtner. Friend (19 noted emergences
in England occurring only during the autumn, winter,
and spring months. In North America, soil tempera-
turas *taken at a2 3-cm depth during emergences in
Ontario, Canada and in North Dakota, U.S.A. have
ranged from 2° to 9° C. When soil temperatures rise
above this range, as in the summer months, this
phenomenon rarely occurs. A notable exception to
this behavior 1s L. terrestris, which is known (o
surface for food and mating throughout the summer
months.

2) Before human civilization, the original habitats
of the Lumbricidae were primarily forests and forest
meadows. Unfortunately, as previously noted, most
observations of masc emergences have been in urban-
ized areas, where the earthworms are trapped by man-
made structures and quickly killed by desiccation and
sunlight. This surfacing phenomenon, however, also
occurs on the forest floor, where the surfaced
individuals are protected from desiccation, suniight,
and large predatcrs by the tree canopy and by litter
cover. During periods of cool litter temperature and
sufficient moisture to permit respiration, the lum-
bricids may enter the litter and miqrate through it
rapidly and for long distances without the need to
burrow. Contrary to popular belief, surfaced individ-
uals can rapidly re-enter the soil in areas where it
is sufficiently porous.

HWith this combination of proper soil temperatura,
sufficient moisture from fresh precipitation, protection from
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sunlight and predatorc, and the loose litter medium for
enhanced mobility, free and rapid surface dispersal can
occur in relative safety. Such a behavioral response is
advantageous to the species involved as it: 1) no longer
limits the active outward dispersal of geophagous species
to burrowing antivity; 2) decreases populaticn pressure
during periods of peak reproduction and, therefore, food
and space competition in areas of high earthworm density;
3) rapidly expands the range of the species involved;

4) enhances the possibility of genetic exchange among
scattered populations of a species. The direction of
dispersal movement appears to be random, even on sloping
surfaLes, and inevitably many individuals are washed into
streams, potentially to colonize downstream areas.

In northeastern and northcentral North America,
nearly all of the established species of Lumkhricus, Eisenia,
Allolobophora, Octolasion, Aporrectodea, Dendrohiena, and
Dendrodrilus can be observed surfacing during proper condi-
tions at cool times of the year. Several species of Bimas -
tos are, likewise, known to surface. Sub-aquatic Lumbricidae
inhabiting saturated environments, such as Eis enoides lonn-
bergi Michaelsen and Eis enieglia tetraedra are, as would be
predicted, unaffected by the precipitation triqger.

TRANSPORT BY OTHER ANIMALS

No published records apparently exist of earthworm
individuals or their cocoons accidenta’ly being transported
by birds or mammals. Cocoons could be carried substantial
distances if trapped in mud on birds' feet. Live individuals
carried by predaceous birds are, from observation, occasion-
ally dropped in midflight and could potentially reburrow.
Certainly some of the irtriguing earthworm records of James
R. Philips (unpublished data, personal cummunication 1973 -
1975), such as immature Lumbricus terrestris apparently
established in a kestrel (Faico eparverius L.) nest position-
ed on a tree 1imb 6 m above the forest floor, are attribut-
able to avian transport. Whether such passive transport has
profoundly affectec¢ earthworm distribution is impossible now
to determine; in all probability, it has been of marginal
significance.

SUMMARY

Although a number of lumbricia species now inhabiting
North America were introduced there by man, human transport
cannot alone account for their remarkably widespread estab-
lishment across the continent. Rather, many Lumbricidae are
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capable ot rapid dispersal through active or passive means
other than by burrowing or by man. Dependent upon seasonal
conditions, randnom movement of some species, often oan a mass
scale, occurs at or near the surface during periods of rain-
fall or of heavy dew; atmospheric and sofl temperatures
appear to be key factors in determining periods and size of
such movements. Downslope dispersal of the Lumbricidae is
facilitated by stream drift, especially durina the cocoon
stage in which up to 90% may remain viable after drifting
ofter considerable distances. Avian transport of individ-
uals is a small, but potentially significant mechanism of
nassive dispersal.
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QUESTIONS and COMMENTS

M.S. GHILAROV: The cause of emergence of earthworms
on the surface is the deficiency of O, after heavy rains in
summer in the soil. In spring after melting of snow earthworms
don't emerge on the surface, whereas after spring flooding
they don't die off, but after summer floodings of rivers
they do perish. These facts were shown still in the 20's by
Berclemisher and Chetyrkina. Certainly emergence on soil
surface after summer rains allows the active dispersal and
mixing of population; this has been stressed already e.g. by
Perel and by Kvavadze.

Passive dispersal along slopes by rains is described by
Atlavinyte, whereas in arid territories of Central Asia earth-
worms in natural conditions are known only along river benches
(and subsequently along irrigation channels. So previous data
of soviet zoologists are in accordance with your conclusions
and support them.

A. TOMLIN: There are axamples of L. terrestris rising
and dispersing after rainfalls in July and August (3 om soil
temperature 12°9C) though greatest emergence admittedly occurs
April-June and Sept-Oct. I particularly refer to the Windsor
Airport situation. I disagree that L. terrestris dispersal
is limited to "cool" scil temperatures.

D.P. SCHWERT: Of all the peregrine species discussed,
only Lumbricus terrestris regularly feeds on the surface.
Surface feeding for this species does occur in mid-summer,
when soil temperatures are greater than 9°Cc. 1 am surprised,
however, at learning of a mid-summer mass phenomenon causing
problems at Windsor.

A. CARTER: To what degree does the availability of areas
for shelter affect the amount of earthworm movement after heavy
rains? In flat grassy areas (city lawns), soil may become
readily water-logged and earthworms have no hummocks for shelter.

D.P. SCHWERT: I have no quantitative information on which
to answer this question. For reasons that I have just out-
lined, however, we could expect that the lack of shelter in
such areas would lezd to proportionally far greater mortality
than in forests.

C.A. EDWARDS: You give the impression that the surfacing
of earthworms after rain ies confined to Lumbricidae in cool
weather. It is common in hot weather in the tropics by
BEudrilidae and Megascolecidae.

D.P. SCAWERT: I'm aware that other families do surface,
however, I am not certain whether the same behavioral response
for tropical earthworms is involved.

D. MALIOW: What studies, if any, have been done on rates
of movement by lumbricid worms, with regards to their emer-
gences during fall and spring rainfalls?

D.P, SCHWERT: At this time, I know of no such studies.
My own research efforts in North Dakota are inhibited by low

earthworm densities and limitad rainfall in this part of the
continent. 19
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HORIZONTAL MOVEMENTS IN A NATURAL POPULATION OF
Entomobrya socia IN A LAWN

Elizabeth S. Waldorf

Louisiana State Unroersity
usA

Horizontal movements within a population, or mixing, are of general
interest in both population ecology and population genetics. In spring-
tails in addition tc affecting individual activities and population para-
meters, movements influence the dispersal of microorganisms.

As a part of a study of Entomobrya socia in southern Louisiana, I
have examined horizontal movements in & natural population. This epigeic
spacies is accessible for sampling and abundant in lawns composed pri-
marily of St. Augustinegrass (Stenotaphum secundatuni (Walt.) Kunze).
Using sticky plates as snares 1 have captured the animals entering an
area of lawn. Tha2se data have been compared with estimates of population
density obtained by suction sampling at about the same dates.

METHODS

Square plates of plexiglass 25 cm on each side were generousgly
coated with Tamglefoot™, a fruit tree grease. Placed flat in one area
on the lawn, these captured insects that alighted on them. Two experi~-
mental designs were utilized. Initially 6 plates coated on both sides
were set out at 10 AM. At 4 hour intervals thereafter one was recovered
until the last was Tetrieved at 10 AM the following day. This procedure
was followed from mid-April to mid-May 1978. As no Entomobrya were col-
lected on the lower plate surface and more replicates were needed, a
second design was substituted. Three plates coated on only the upper
surface were distributed, retrieved 2 hours later and 3 new plates set
up. To reduce the stimulating effect of disturbance, I did not step
closer than 40 cm to a plate. This procedure was followed for 24 hours
on six dates from May through mid-July 1978 (Table 1).

Animals captured were counted, the samples from the first procedure
pooled, all (700) individuals were measured, and the presence or absence
of gut contents (visible through the translucent body wall) was recorded.

For comparison, standard samples were collected with a household
vacuum cleaner with a filter fitted over tke nozzle. The filter was moved
over the wire screen within a wooden frame (19.3 cm X 30.4 cm) to collect
a sample. Four sites were sampled between 4 PM and 6 PM on the dates of
sticky plate captures or near to them (Table l). Estimates suggest that
this method removes about .7 of ¢he Entomobrya present, that is, it is
about 70% efficient. The data were vtilized without correction. Animals
were measured and the presance or absence of gut contents was determined.
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RESULTS

Individuuls that moved horizontally were of large body size.
Figure 1 depicts the numbers in four size classes with the general popu-
lation shown below the lines and mixers above. Mixers represenced about
the upper 50% of the size range of the population present. Large animals
dominated even in mid and late June when jureniles were numerous. Thiws
suggests that most were adults, andi, because female springtails tend to
be larger than males, that many were females.

The translucent body of Entomobrya in preservativc allowed the
presence of absence of gut contents to be recorded. 1n Figure 2 the frac-
tions empty are illustrated by bars with dots for immigrants and bais with
slanted lines for the general population. Of the mixers about twice as
many had empty guts as animals of the same size from suction samples. As
fasting characterized the interval preceding and following ecdysis, the
data suggest that many of the immigrants were near the time of ecdysis.
For Tomocerus minor and Orchesella cincta, DeWith and Joosse (1971) found
that locomotor activity increases immediately after ecdysis.

TABLE 1. Numbers of Entomobrya socia caught on sticky plates and in
suction samples. Two standard errors are given in paren-

theses.
Immigrants Standard Populations
Total - Suction _
on x/day Sample Tetal x per Sample
Dates Plates in 25x25cm Dates Catch (49,132 mm2)
15 Apr. 5 1.4 8 Apr. 109 27.25 (25.25)
20 Apr. 9 2.6 23 Apr. 116 29 (9.2)
10 May 38 10.8 9 May 209 52.25 (44.€)
25 May 86 28.7 (3.5) 31 May 576 144 (29.6)
5 Jun. 129 43. (17.6) 5 Jun. 491 122.75 (53)
15 Jun. 64 21.3 (7.8) 13 Jun. 149 37.25 (20.3)
21 Jun. 79 26.3 (8.1) 21 Jun. 334 83.5 (53.4)
1 Jul. 224 74.7 (6.5) 29 Jun. 660 165 (96.5)
18 Jul. 66 22 (2.5) 18 Jul. 299 74.75 (28.1)

The numbers of animals moving horizontally varied with several
factors. Firat, time of day was a determinant producing a daily pattern
of movements. For all saunle dates there was a bimodal pattern with
maximum mixing between 9 to 1i AM and 5 to 9 PM (Figure 3). The two
dates (5 June and 1 July) with morning immigration extended to 1 PM were
the only two with overcast skies. A diurnal rhythm of horizontal activity
has also been described from pitfall trap data on Smithurides malmgreni.
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FIGURE 2.
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FIGURE 3.
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Working in West Greemland, Kristenseu and Vestergaard (1975) found oumly
one peak of activity per 24 hours during the day. Bowden, Haines and
Mercer (1976) report that climbing by Collembola above the substrate
occurs primarily between 5 PM and 10 AM, an intirval that includes both
the maxima of E. socia.

Season, temperature and population dems/ty influenced the numbers
of mixers per day. Figure 4A illustrates the fraction of the animals
present that moved horizontally on different dates. There is an upward
trend from April to June. The same figure depicts the 6§ PM air tempera-
tures. Temperature is significantly correlated with the fraccion of
mixers (r = .7892; P = .01). The points in Figure 4B show the observed
relation between the number of mixers on the vertical axis and population
density on the horizontal axis. Again there is a significant positive
correlation (r = .8787; P = .0018).

Because as the seasons advance both the temperature and population
density increase, it is of interest to determine which exerts the effect
on mixing. By a maximum r-square improvement procedure, density was
found to account for 77.2 percent of the variation. The linear equation
Y = =5.93 + .303X, illustrated by the line in Fizure 4, best describes
the relation between the number of mixers and population dengity.

The average number of mixers per day (per 25 cm x 25 cm) ranged
from a minimum of 1.4 on 15 April (the first sampling date) to a maxi-
mum of 74.7 on 1 July (Table 1). These are associated with estimated
population densities in Lhe same area of 35 on 8 April and 165 on 29
June. Thus frcm 4 to 45 of the animals present are estimated tc have
moved per day.

The pattern of wixing by E. socia in the days after rainfall is
presefited in the upper half of Figure 5. The vertical bars show plus or
minus two standard errors of the means. Two significant peaks of mixing
follow rainfall. In SE England, Bowden, Haines and Mercer (1976) found
that the number of climbers increased aftexr rainfall. Earlier work on
E. socia has demonstrated the synchronizing effect of rainfall on molting
and periods of fasting (unpublished except an abstract; Waldorf, 1978).
The fractions of empty animals from suction samples collected through
the warm periods cf 1978 and 1977 are shown for successive days after
rainfall in the lower half of Figure 5. The fractions of pharate animals
of the same body sizes 2re represented by the vertical bars. There are
peaks of fasting at two days and at four day after rainfall (Waldorf.
unpublished). Since I know of no laboratory evidence for fasting except
preceding and following ecdyses (see for example, Thibaudi 1308, 1976),
this suggests that two molts follow rainfall. The peaks of mixing oc-
curing 1% and 4% days after rainfall coincide approximately with the
timing of molting. The absence of data for the fraction of mixers at
two days and four days after rainfall might account for the differences.
The general similarity of these graphs supports the idea that animals
mix about the time o< ecdyses.
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FIGURE 4. A)illustrates 6 PM temperature and the fraction of mixers on

succégsive sample dates. The points in B) represent the relation-
ship obgerved between number of mixers and general population
density. The equation is illustrated by the line.
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DISCUSSION

The failure of the lower surfaces to catch spyringtails is evidence
that lcocally the grease has a repellant effect. Those animals trapped
probably come from outgide the range detectable by their chemoreceptorsa.
This suggests that all jumped onto the traps either spontaneously or
following stimulation. Consequently, the numbers caught estimate imm-
igration from beyond a minimum distance and underestimate the total
numbers ectering the area which would include those that walk in.

The data on the general population from the suction samples also
underestimates the actual density. The unknown correction factor should
take into account factors that influence sampling efficiency and those
that influence the number of animals present. Because both the measures
of mixing and density err in the same direction, the ratio of the two is
more accurate. As the suction samples include many individuals, neither
the distribution of gut contents nor the distribution of body sizes wiil
be altered substantially by further increase.

The data indicate that immigrants are adults near the time of ecdyses.
As a consequence of its empty gut, the lighter weight immigrant might
travel further. The new microhabitat will provide a different food supply
and affect reproduction. Both the immigrants and residents have access
to new sources of gametes with the advantages that genetic variation con-
fers. Females of Sinella curviseta in lahoratory culture cannot retain
sperm through the molting process; they pick up sperm and oviposit early
in certain intermolts (Waldorf,1971). If E. socia is similar and conditions
are favorable, by moving near the time of ecdysis many female i:migrants
can immediately utilize sperm from new associates to oviposit.

Some euedaphic springtai.s have diurnal cycles of vertical movements
(Leuthold, 1961). My preliminary observations suggeet that these characterize
Entomobrya socia. Individuals were not visible to an observor at 4 PM, but
were visible when the habitat was next examined at 7 PM. The time of ipward
movem:nt coincides with a peak of horizontal immigratioun. After moving up-
ward some animals tend to move laterally. Horizontal movements occur in in-
tervals between periods of Lemperature extremes and in timnes that avoid the
low air humidity characteristic of mid-aftermoon (2 to 4 PM).

Population density was the primary variable that influenced the
pumber of mixers per day. The linear relation depicted in Figure 4B
suggests that below a density of about 20 individuals per sample (49,000mm?)
no mixing occurs. In two years of population sampling this density or a
lower density characterized from January through March of both years and
July through December of 1977 (Waldorf, unpublished).

More data on mixing would allow an evaluation of the ecological re-

lation of mixing to population demsity. How does the fraction of mixers
vary with increasing population demsity?

198



- ——— v L Yy Laat o A e . ey
[V LI R ol O P e - e t———

By syuchronizing molting, rainfall indirectly affects the timing
of most mixing. It tends to synchronize immigration. The blooms of
bacteria that foliow rainfall possibly supplement the diet and acc-
elerate the breakdown of other organic foods. As a consequence imm-
igrants might be more likely to find an abundance of available food.
co, experimentally introduced stimulates increased horizontal movement
in“epigeic species (Jonsse and Kapteijin,1968). Since a burst of co,
is generated by microbiol activity shortly after rainfall, natural
CO, might stimulate the peak of mixing following rainfall.

SUMMARY

When individuals of E. gocia that moved horizontally in their
natural habitat were compared with individuals of the general population.
the mixers were found to be of large tody size and more likely to have
empty guts. The numbers of mixers varied through the 24 hour cycle with
maxima at 9 to 11 AM and 5 to 9 PM., The number per day was dependent
primarily on population density. Two peaks of mixing occur in the days
following rainfall; these coincide approximately with peaks of fasting
erd molting in the general population.
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THE EFFECTS OF TRAMPLING ON THE FAUNA OF A FOREST
FLOOR.
I. MICROARTEROPODS

Irene Garay, Jorge Cancela Da Fonseca and Patrick Blandin

Ecole Normale Superieure
France

INTRODUCTION

Periuarban forests have an important soclal function
as recreation aireas . Howvever, suvil structure and iife,espe-
cially, are sometimes seriously troubled by trampling effec-
ts. So, it is of importance to have ecological indicators
able to give us information on the evolution of a disturbed
edaphic ecosystems .,

To appreciate pollutionn effects, investigations have
been carried out not only on Lichens and Bryophytes (Gilbert
,1970), but also on Macrofauna (Novakova,l1569; Gilbert,1971)
,and Microarthropods (Lebrun,1976; Bolle et.al.,1977) . On
the other hand, a limited number of studies have been concer-
ned with trampling effects in forests (Liddle,1975).

The aim of the present study is to analyse the xela-
tionship between Microarthropods and soil modifications un-
der trampling influence . According to its role in soil dy-
namics and its high specific richneses and density,studies
of this fauna may give a more precise and complete infc ma-
tion on the perturbation level,than any abiotic factor of
the ecosystem .

Study area

The work was carried out in a section of the Fontai-
nebleau Forest, near Paris, which is frequently visited by
tourists . The area is located along a road,in fromnt of a
parking lot, and is used for picnics and recreation. Trees
are beeches (Fagus silvatica L.), and oaks (Quercus sessi-
liflo.a Smith); near the road there are also a few pines
(Pinus silvestris L.).

METHODS

Soil analysis

Three parameters were distinguished: humidity,orga-
nic matter and porosity. Sampling was made _along five rows
parallel to the road and 10 m. apart.Row n 1 was at 5m from
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the road and under the pine trees, In each row five cilindri-
cal sample units were taken (diameter 5 cm,), Where a bolor-
ganic horizon (H) existed,it was removed .

Each sample unit was immediateAy weighed and ity he-
igth was measured; aftex drying at B5°C to constant weigth,
humidity vas calculated. The organic matter was measured by
the Anne method on the fine particles (less than 2 mm.). De-
bris greater than 2mm in diameter was weighed in crder to es-
timate the total amount of organic matter. Estimation of po-
rosity was made according to Duchaufour (1960). As the scil
lies on eolian sand, the real soil density was calculated
from the sand density, corrected by taking into accourt the
totai organic matter concentration .

Microarthropods sawmpling

The Microarthropods sampling, realized on the 9th Ja-
nuary 1978, was made along six rows parallel to the road and
10m. apart,except for the sixth row which was only 5m, awvay
from the fifth. In each row, five sample units were taken
(diameter 5cm.). The L and F layer as well as 5cm. of soil
wure separated .

Microarthropods were extracted in a high gradient ex-~
tractor. After extractior, litter was dried at 85C to cons-
tant weigth. The solil was treated as before in order to me-
sure the organic matter concentration .

RESULTS
Station caracteristics

Results concerning the soil are summarized in figure 1,
tables 1 and 2. As there are pines and patches of grass along
the road, the border row (row 1) is not comparable to others:
here the soil shows a mor humus (figure la). For this reason,
results from this row are not taken into account in the co-
rrelation analysis .

The most distinctive parameter of each row is humidity
(see table 1). It is well correlated with porosity and the a-
mount of soil organic matter as well as the total organic ma-
tter (table 2) .

Porosity presents a threshold at the level of row four
in which it reachs a normal value (53 to 65Z) obtained for the
same substratum in the Fontainebleau Forest (Faille,1977).

However,for those normal values of porosity the con-
centration of soll organic matter 1s significantly higher,
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in row 5 than in row 4 (figure 1lc,d).Values for row 4 are lo-
wer than the usual ones for a moder humus in the Fontaineble-
au Forest : 4.72 (Robin,1971) .

TABLE 1 - Comparison ot humidity,porosiiy and organic
matter concentration between the rows (R) . Nonparametric U-
test. O:no significant; k:signif{icant; X¥X:very significant.

R, R,| R Ryt Ry Rl RyRIR R IR, RIR,RARRIRRIR R,
Humidity AR AR T RV IR T AR AR T SN 2
Porosity 3|2 O |O | » |¥|{wn|vx|x¥%| O
Soil Orga-
nic matter | ¥%| %) O | O |8 |4y | x| ¥n
Total Orga-
nic Matter /,/ ¥ (x| x| O

TABLE 2 - Correlations between humidity,porosiry and
organic matter . a = a-error . The estimates were made from
the raw data

n =20 .

Soil Organic Total Organic Porosity
Matter Matter

(% of soil drq (% of soil dry (%)
weigth) welgth)

. r = 0.94 r = 0.96 r=0.82
Humidity b = 0.]4 b= 0.27 b = 0.47
(% of soil a = 0.87 a =-0.26 a = 42.]9
dry weigth) o = 10-8 o = 10-8 a = ]0—4

r =0.83
Porosity > = 0.2]
(%) a

According to these observations,four differemt situa-
tions can be distinguished :

i) The border (row omne); somewhat comparable to rows
¢ and 5 for porosity and concentretion of organic matter but
with a different humus type (figure la).,

11) The high degradaticn zone (rows two and three) ;
with a porosity lower than normal , a very low concentration
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TABLE 3 - Estimates of the densities (1ndlm2) by rows and by group of Microarthropods .

The relative errors (er.) were estimated from

2 _ Eiiz
n %2
(Elliot,1571)

D

2

2
e

or D" = %% according to the relation between X and 8° and the values of k

D2 1 S
= §s(p + §) from Berthet et al.(1970)

. High relative ervors are due to the extremely low densities and to the
proportion of zeros in the sample-units .

Row ] Row 2 Row 3 Row 4 Row 5 Row 6
+ + + + + 4
Prostigmata |3,)07 - €26 560 - 209 560 - 209 3,]07 - 6261|12,783-4,774})2,783-4,774
5 + + + + . + +
Acuridilae 6,987 - 867 )| 6,987 ~ 867 |6,2]3 - 944 6,987 - 867 |45,668~5,260()10,084-2,9)4
Gamasida + +
Uropoda 0 0 0 0 },630~ 552 ],630-552
Gamaslda pa- + + + +
ragitodea + 713 - ]85 0 0 1,120 - 7)2} 6,264~-2,389] 6,264-2,389
Zerconidae
Collembola + + + + + +
Arthropleona 1,767 - 759 | 1,767 - 7591),767 - 75911)1,204-5,175 65,648-2q085 65,648-20085
Collemhola + + + [ + +
Symphypleona 9,167=-2,052 998 - 2]811,73) - 594 | 1,732 - 594 306 - 249 3J0oé ~ 249
oribatida 775 L 286 775 % 286| 775 % 206 775 % 286]24,995%9,921|24,995%9,92)

————




of organic matter and a high reduction of water content . The
absence of F layer indicates that the organic matter cycle is
upset . In fact,leaves are swept oul from this zone during win-
ter and spring and accumulate at the level of row 5 according
to the microtopography . The low values of organic matter con-
centration correspond with the profiles: the A 1 horizon is ui-
ssing in row 2 (figure 1lb) and a A horizen o} only 1-2 cm is
observed at the level of row 3 . Tﬁis zore presents a layer o.
0.5-1 cm of very leached sand between litter and soil . Some
further drillings demonstrated other abnormalities in the pro-
files,as superficial recasting of sand and leaching patches .

11i) The transition zone(row four),with a very thin F layer.
The porosity ijis normal . The low concentration of organic matter
and a discontinuity,represented by a shallow layer (0.5 cm) of
leached sand between the F layer and the A1 horizon,suggest
that the organic matter cycle is disturbed " (figure 1d) .

iv) The mosaic zone (row five) . This 1is a patchy zone
and we have chosen for sampling places where accumulation exists.
The litter can reach a depth of 7 cm or more . The porosity 1is
normal but the organic matter concentration i1s very high: 5.9
* 1.54 (figure 1d) .

The microarthropod communities

Quantitative and qualitative characterization

Results are summarized in table 3 and figure 2 . A com-
parative analysis of the different rows shows that the micro-
arthropod groups appears or increase in density in passing from
the high degradation zone (row 2 and 3) to the mosaic zone (row
5 end 6) . However Collembola Symphypleona have a different pa-
ttern . In effect,their abundance decreases towards the mosaic
zune in which they are almost absent ., In addition,this group
is significantly more abundant in the border row (U-test,a=0.028)

The Acaridiae,98% of which belong to the Tyroglyphidae,
present the maximal demsity in row 5 (U-test,a=0.028) .

The density and presence or absence of the different
groups allow to distinguish four Microarthropod communities.
These correspond to the soil zones described before (figure 2).

1) The border community (row one) is charanterized by
t mphypleona and the Acaridiae (41% and 31% of the total
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FIGURE 2 . Densities (histograms) and relative abundances
(circles) of Microarthropods in the different rows of sam-

ples , Circle surfaces are proportional to the square root
of the total density in each row .
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density respectively) and by the absence of the Gamasida Uro-
poda . Oribatida and Arthropleona are present, but in very low
numbers .

1i) The high degradation zone community (rows two and
three) . In this zone,che total density of Microarthropods is
ten times less than in the mosaic zone . The community can be
characterized by the dominunce of Acaridiae (63Z of the total
density) , by the absence of Gamasida (both: Uropoda and non-
Urop7d2) and by the very low density of Oribatida: 775% 286
ind./m" .

11ii) The transition zone community (row four) . In this
zone the Microarthropod demnsity is twvice that of the previous
zones . Arthropleona are dominant (45% of the total deasitv),
while the relative abundance of Acaridiae decreases (28%Z) ;

this 1is also the case for Oribatida anrd Symphypleona . Gamasi-
da non-Uropoda are present .

iv) The mosaic zone community (rows five and six) . The
only significaunt difference between the two last rows concermns
Acairldiae densities (U-test,a=0,005) . The other Microarthro-
pods have similar densities in the two rows . Arthropleona re-
presents 47.8% of the total density in row 53 and 54% 4in row 6 .
The deusity of Oribatida is about 32 times higher than imn other i
zones and thefr relative abundance is 18% and 20,57 in rows 5
and 6 respectively . Gamasida Uropoda are present .

Relationships between Microarthropods, litter and soil
organic matter

Table 4 shows that the total number of Microarthropods
in each core sample 1is significantly correlated with the litter
(L + F), dry weigth and also with the organic matter concentra- )
tion in the soil . This is not surprinsing, inasmuch as the or-
ganic matter and the litter are not independent (r=0.43 ; a=0.01).
However, the correlation between litter Microarthropod's
number and the amount of litter is significamtly higher than trhe
correlation between the eoil_gicroarthropod's number and the or-
ganic matter : rl>-r ; a=10 (see tsble 4) . This 1is also true
for Collembola add Ofibatida alome .

In a protected forest area the soil Microarthropods are
independent of the so0il organic matter (Garay,umpublished data).
This is also observed,in a very different ecosystem,by Santos,
De Pree and Whitford (1978), but they found a dependence between
Microarthropods and the amount of litter . Se, other parameters,
differert from the organic matter concentration,remain to be
found in order to explain the distribution of soil Microarthro-
pods .
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TABLE 4 - Correlations between Microcarthropods and the
amount of litter, and between Microarthropods and the concen-
tration of organic matter, in the core-samples. gq= g—-error .

Microarthro-~- Microarthro~- Oribatida -
pods pods Collembola

by level : by core-sample| by level

(L+F) or soll|(L+F) and soil (L+F) or soil

r, = 0.84 r, = 0.55 r, = 0.86

Litt?;)’ L+F b = 0.57 b =72.42 b =4].88
a =49.48 a =-]2.59 a =4}1.5]

n = 25 e« = 3076 o = jo? o =)0’

r, = 0.37 rs = 0.5¢ r, = 0.41

:::iegr?:71° b =23.94 > =7].32 b =2].75
a =39.17 a =-11.00 a =47.7)

n = 24 e = 0.08 @ = 0.0] a = 0.05

Nevertheless, in our disturbed area, a more detailed
observatior of data shows a tkhreshold phenomenon in the tran-
sition zone: when the organic matter concentration 1s less
than 4.8%7 , the number of Microarthropods is low and only for
higher values of organic matter concentration the presence of
aggregates may be observed .

Litter Accumulation and Microarthropods

In figure 3,representing the relationship between 1i-
tter dry weigth per core-sample and number of litter Collem-
bola and Oribatida,tvwo dotted lines parallel *o the T-axis
diferenciate three sets of points.The first line corresponds
to the maximum amount of litter wvhen there is not F layer_ _
(1.496g) and the second one corresponds to the value X = L+F.

1+F was estimated from the value of the Jenny coeffi-
clent K,given by lLemee and Bichaud (1973) for an undisturbed
area with the same substratum and the same vegetation :

L =
K=y = 0.38

and IL

T = 1

25
where L1 is the amount of L layer in the core-sample number 1.

= 0.905g

Thus, L+F = 2.38g
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Most of the points corresponding to the high degradation
zone (rows 2 and 3) are included in the first sat of points,whi-
le most of the points of row 6 and 5 are respectively included
in the second and third set c¢f noints . The transposition bet-
ween points of row 5 and 6 18 due to the fact that litter co-
ming from the high degradation zore accunmulates in the normal
region near the trampling area (row 5) . However, a point of
high accumulatior exists in row 6 due to microtopographic con-
ditions: the am- unt of litter is 6.4 g and there are 407 Collem-
bola and QOribatida .

The above results demonstrate that the number of Microar-
thropods 1is correlated with the amount of litter . Considering
only the Oribatida, their core-sample number (litter and soil)
is also significantly cg;related with the corresponding litter
quanticty: r=0 71 (a= 10 ") . It is therefove of interest to
study the specific composition of this group in order to compare
the different categories of samples characterized in figure 3.

Ic the samples taken from the high degradation zone and
represented between the Y axis and the line x = 1.496g,7 species
have been found in very low density : Carabodes labyrinthicus
(Michael), camisia horrida (Hermann), Tectocepheus sarekensis
Tragardh, Phthiracarus nitensc f(Nicolet), Achipteria coleoptrata
(L.), chamobates pusillus (Ber) and Chamobates incisus .

In the samples represented betwezen x = 1.496g and x =
2.38g, 20 species have been found . The Oppidae are represented
by Oppiella insculpta (Paocll), Oppiella minus (Paoli) . The
Brachychthoniidae by Brachychthonius impressus Moritz,Liochtho-
nius simplex (Forsslund) aud Liochtkonius cf. tuxeni (Forsslund).
The Suctobelbidae by Suctobelbella sarekensis (Forsslund), Suc-
tobelbanlla cf. perforata (Strenzke) and Suctobelbella subcorni-
gera (Forsslumnd) .

In the samples corresponding to litter accumulation,3l
species were identified . Among them there are 3 species of
Oppldae: 0. insculpta, 0. minus, Oppiella . va {Oudemans); 9
species of Brachychthoniidae: B. impressus, Brachychthonius
bimaculatus Willmann, Brachychochthonius suecicus Forsslund,
Brachychochthonius cf. jacoti (Evans), Brachychochthonius ros-
tratus (Jacot), L. tuxeni, Liochthonius horridus (Sellmick),
Liochthonius brevis (Michael), Paralicchthonius piluliferus
Forsslund; and 5 species of Suctobelbidae: S. cf. sarekensis,
S. vf. perforata, S. subcornigera, Suctcbelbella intermedia
(Willmann) , Suctobelbella nasalis (Forssliund) .

The accumulation places are characterized by an impor-
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tant increase of specific richness, which is mostly due to
species generally considered as microphytophagous . This fact
suggests that the trophic conditions can be modified by 1li-
tter accumulation .

CONCLUSIONS

A comparative analysis of Microarthropod patterns in ihe
study area allows us to classify them according to their reac-
tion to perturbations induced by trampling .

Three groups may te distinguished : 1) The first group
includes species which seems tc be opportuunisc . This is the
case of Acaridiae Tyroglyphidae, a family comprising species
living in different environments as stored foods,human and
animal habitats, agricultural soils treated with pesticides
(Karz,1979) . Some Prostigmata arc equally found in the high
degradated zZone and are thtus capable of living in extreme con-
ditions, but usually in small numbers .

ii; A second group includcs species belonging to Symphy-
Pleona and Oribstida adapted to open spaces where the micro-
climate shows important variations: some Symphypleona are known
for their ability to live in open environments thanks to various
morphological and physiolcgical adaptaticas (Betsch,Betsch and
Vannier, 1979) . This'is also true for Oribatida like Camisia
horrida , Ccarabodes labyrinthicus and Tectocepheus sarekensis
which we have not oaly found in the degradated zone of the stu-~
dy area but also in the parking lot . These specles are known
for their abllity to live in environments showing extremely va-
riable conditions .

1ii) The third grcup consists of species whose absence
or low densities in the disturbed zones express 7various sensibi-
lities to trampling : a) a first set includes very sensitive spe-
cies which only exist where porosity,soil organic matter and ii-
tter structure are normal . These species belong to Uropodéa and
the Oribatida: Oppidae, Suctobelbidae and Brachichthoniidae which
are mainly microphytophagous living in humus layer . b) another
set is formed by less sensitive species capable of surviving in
an environment partially modified by trampling . This 1is the
case of Arthropleona and Gamasida non-Uiropoda . The number of
these predators is normally correlated with that cf Collemboia
which are their potential preys (Blandin et.al.,in press) .
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These observations allow us to propose the use of Mi-
crvarthropods as indicators of trampling damage . In particu-
lar,this could be of practical usefulness for the evaluation
of the threshold beyond which these damages are irrevevsible.

Taking into account the overall quantitative and qua-
litative changes undergone by the community of Microarthro-

. pods,precise indications could be obtained . The quantitati-

ve varlations of a single specles - or category- do not al-

low to draw definitive conclusions, although these could be

provided by the comparative study of species hav/ng differ-

ent sensibilities . It is therefore the whole comaunity whi-~
ch could be a good ecological indlicator of the trampling im-
pact .
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THE EFFECTS OF TRAMPLING ON THE FAUNA OF A FOREST
FLOOR.
II. MACROARTHROPODS

Spyros Molfetas and Patrick Blandin

Ecole Normale Saperieure
France

INTRODUCTION

Based on the observation obvious to any biologist, that envi-
roumental conditions quite clearly determine the living beings pre-
sent, one may conversely seek to describe the physical environment
through the orgenisms that inhabit it. In fact, ecologists coanstan~
tly employ different organisms as indicators, in order to characteri-
ze certain situations or phenomena which are difficult to approach
directly.

In aquatic environments, the use of estimates of quantitative
and qualitative changes in animal commumities as bioindicators in the
examination of certain alteration factors (water pollution) is highly
applied. On the contrary in the case of terrestrial environments the-
se methods are still in the research stage (Novacova, 1969 ; Gilbert,
1971 ; Liddle, 1975 ; Lebrum, 1976).

The position of animals in the trophic sequence of ecosystems i
accounts for an ability of integration greater than that of vegeta-—
tion. This should motivate research of 2cological indicators in order
to detect, define, and measure the levels of global perturbation in
ecosystems.

Siuce January 1978 we have been engaged in a research project
on the Macroarthropods community as indicator of evolutionary tenden-
cies in suburbvan woodland areas. This work seeks to define multispe-
cific groups, able to provide precise indicavrions on the state and
evolution of suburban forestrial environments. In particular we con-
centrate our interest on the effects of trampling on the Macroarthro-
pods of the woodlands flcor which are subject to a high frequentation
rate.

Study area

The forest of Fontainebleau, situated 60 km away from Paris,
was chosen for our investigatioms, as it supports particularly heavy
visitation rates. The fores® attracts 9,000,000 visitors per year
i.e. an average of 25,000 visitors per day (S.A.B.E.S., data for
1969). For sampling area, it was chosen a 0.2 ha woudland section.
The average altitude is 100 m. The regions mean annual temperature
is 10.1°C and the mean annual rainfall 697 um. Some characteristics
of temperatures ard rainfalls annual repartition are presented in
figure 1, The section's canopy consists of Fagus silvatieq L. with
some Quercus sesstliflora Smith, lofty trees. Six Pinus et lucstris
L. are along bordering road. There is no ground vegetation. '
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FIGURE 1. Average monthiy temperatures in °C and rainfall in mm
in the Fontainebleau region (data from Mét&orologie Nationale).
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FIGURE 2. Average monthly visitation rates in the parking lot in
of the study area (data from the observation of the number of vehicles
during week ends.
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An important reason for the choice of this area was that a
parking lot is situated in front of this section, from the other side
of the road. So the frequentation rates were expected to be higher
than the average values of Fontainebleau as it is known that most vi-
sitors frequent particular areas which offer certain conveniences
(parking lots, easy access). People also, do not leave their vehicles
more than 100 m behind, thereby remaining within very limited arcas
(Baillon, 1973). Researches in forestrial environments on the influ—
ence of trampling in vegetation, have pointed out that in such zunes
the tourist impact and the degradation of soil and vegetation are con-
siderable (Fallinski, 1973 ; Littel, 1974).

Annuals litter evolution

Litter's evolution was followed by pictures every week from
January 1978 to January 1979. In the end of November the floor is co-
vered from the leaves fallen during Autumn. Progressively under the
wind's influence and as the soil is subsided, leaves accumulate more
or less in certain places according to the microtopography. So during
January and February, only in the background of the section we can
observe an undisturbed litter which shows three distinct layers :

i) The L layer formed by leaves which fell during the previous
Autumn.
ii) The F layer wnich consists of partly decompcsed leaves,.
iii) The H layer which consists of amorphous humus.

In Spring, three zones parallel to the road can be recognised:

i) The first is almost nude, but however wth small spots of

accumulated litter. It will be called from now on zone of high degra-
dation.

ii) The transition zone corresponds in the area where litter
accumulates in wide spots, but some places remain nude.

iii) The last zone seems to be relatively undisturbed showing
an abundant and permanent litter.

Frequentation of the study area

All throughout 1978, the rumber of vehicles in the parking lot
area, vas observed and frequentation rates of the section were esti-
mated. The histogram traced from these data, points out the bimodali-
ty of frequentation with two maxima, during March—-April and October
(figure 2), a finding that corresponds to the general frequentation
of the forest of Fontainebleau.

METHODS

After a preliminary sampling in June 1978, it was decided
to do seriecs of famples every three months, starting from Novem—
ber 1978. The preliminary sampling pointed out the existence of a
certain gradient in the spatial distribution of Macroarthropods.
Thus, we decided to collect samples along four rows parallel to the
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road and fifieen meters apart. Seven sample units were taken in 2ach
Row. Samples were limited by a 25 x 25 cm metal frame inside wnich
lirter was collected. Samples in February and May, for the first two
Rows, were -ollected in spots where litter was accumulated and not in
the completly nude soi). Litter was kept in paper bags, and back in
the laboratory was put in Berlese-Tullgr:n funnels with light as heat
source for fifteen days, adequate duration for the extraction of all
the Macroarthropods (Geoffroy, 1979). Animals were collected in re-
cipient< containing Salycilic Acid,

RESULTS

Results are summarized in tables 1, 2, 3 and figures 3, 4, 5,
6, 7, 8, 9, 10. A complete abgsence of certain groups of Macroarthro-
pods such as Isopods, Pseudoscorpions and Opilions, everywhere in tha
area, is observed. An extremely low presence of other groups such as
Diptera, Diptera larvae, Coleoptera, Coleoptera larvae and Millipedes
are observed to exhibit important demsities, unless in certain pe-
riods and usually in the background of the section (figures 5, 6, 7,
8, 9). On the other hand, the Spiders and Centipedes are present, but

in low densities and not throughout the whole simpling period (figu-
res 3, 4).

TABLE 1. EZstimates of the densities (inc./m2) by Rows and by
_groups ot Macroarthropods in November sampling. The relative errors

2
(er) vzle;'e estimatgd from ry = %S_ -%i- %), Berthet and G&rard, 1970 ;
t<s

D%= <gr °r D?= %x.- according to the relationsbetweenx and S? and the

values of K (Elliot, 1971). Great relative errors are due to the ex-
tremely low demsities. % one individual per Row ;% ¥ two individuals
per Row.

I OW1 ROW 2| ROW 3| ROW4

10.3 + 103 6. 22.9 + 19.0 | 48.0 + 16.0
Spiders er°602 er : 83 %1 | er : 33 %

2

1] z
3.4 £ 2.7 3.4 + 7 11.4 + 9.9 12,2 2+ 7.5
%z er : 86 ¢ er : 61 %
5
4
2
4

Centipeds

er : 79 % er ¢ 7
MI”IpedeS 0 i 12.2 + 7.5 |12.2 + 7.5

p 20.0 + 8.2 | 20.0 = 20.0 = 8.2
Diptera er : 411 er : 4 er : 41 2

65.1 + 15.8) 65.1 + 15.8 |125.7 ¢+ 30.5 125.7 + 30.5
COIeOptera er : 24 2 er : 24 % er : 24 er 3 24 T |

er : 6

1
20.0 = 8.
er : 4]

er : 61 %

NN N

Dipt. 377.1+274.3(379.0 + 84.0 |379.0 + 84.0 |379.0 + 4.0
Larvae er : 73 % er : 22 er : 22 % er : 22 Z.
Col. 97.6 + 15.5) 97.6 + 15.5 | 97.6 + 15.5 [97.6 + 15.5
Larvae er : 16 % er : 16 1. er : 16 X er : 16 %
4,1 + 2.4 4,1 x2.4
Ants 0 atg er : 59 X er : 59 %
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AVERAGE DENSITY (ind./m?) IN NOVEMEGR (black rectangle), FEERUARY
(solid rectangle) AND MAY (empty rectangle) FOR THE FOUR PARALLEL ROWS.
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AVERAGE DENSITY (ind./m) IN NOVEMBER (Llack rectangle), FEBRUARY
(80114 rectsngle) AND MAY {empty rectangle) FOR THE POUR PARALLEL ROWS.
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TABLE 2, Estimates of the densities (ind./ul) by Rows and by
groups of Macroarthropods in February sampling.

% one individual per Row (Scven samplie units) ;
4 %two individuals per Row (Seven sample units).

ROW 1] ROW 2| ROW 3| ROW 4
Spiders| 32220 | o0 | LAy N ey
Centipeds * * 0 0 T
Milipedes| o 0 * .
Diptera o 10.2 £ 7.1 | 102 £ 7.1 20.5 2 15.1

9 3
9.1 + 7.0 43.4 + 27.6 ] 70.0 = 23.6 96.0 = 42.4
Co,eoptera‘ er : 76 % er : 63 % er : 332 er : &

4 %
ipt. 169.0 + 45.8]|169.0 + 45.8 $433.0 + 140.0]433.0 + 140.0

arvael er: 27 2 er : 27 % er ¢ 32 2 er : 32 %

COI' 114.2 & 29.91114.2 + 29.9 1563.0 + 38.3 | 169.1 + 62.3

Larvae er : 26 Z er ;: 26 % er : 25 2 ar ¢ 36 %
Ants 0 0 0 o

TABLE 3. Estimates of the densities (indi/m?) by Rows and by
groups of Macroarthropods in May sampling.

4 one individual per Row (Seven sample units) ;
* *two individuals per Row (Seven sample units).

ROW 1| ROW 2 ROW 3| ROwW4
: 6.8 £ 5.9
Spldefs o 0 0 er : 86 1
Centipeds 0 0 0 0
Millipede§ 0 ¢ * * *
: 70.7 £ 10.9 | 70.7 ¢+ 10.9
Dlptera jolka 0 er =tlS y 4 er :tlS 4
.1+8, 6.0 = 21. . . . .
Co.,eopter a 32: H 22 g Seroz 32114 52t0:13§134 airlztzg ;
Dlpt. 64.0 £+ 25.1] 64.0 + 25.1 j112.0 + 29.6 |112.0 & 29.6

Larvae er : 39 % er : 39 % er : 26 X er : 26 ¢
Col. 55.5 ¢+ 18.8] 55.5 + 18.8 | 55.5 + 18

L ] L] L ] - - [ ] -— .8 82.2 t 13'2
Larvae er : 33 Z er : 33 Z er : 33 2 er 3 16

8.5 £ 3.5 4.1 £ 2.4 23.0 ¢+ 15.8
Ants 0 er : 41 X er ¢ 58 Z g;=68
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Quantitativé and qualitative characteristics

Results of noa parametric U~test comparizon between different
groups and Rows in the three periods of sampling, are summarized in
table 4. The values of U-test comparizon of all the groups densities
between Rows one and four are highly significant. All the groups show
much higher average densitjes in Row four than in Row one, Millipades
and Ants are not even prescnt in Row one in any sampling period. On-
ly in the case of Diptera, Didtera Larvae and Coleoptera Larvae in
November sampling were the dersities practically the same, between
these two Rows (figures 5, 6, 8).

In the intermediate area bet::een Rows one and four, the diffe-
rences in the group average densities, seem to be not so clear. No
difference in the densities between Row two and Row three for almost
all the groups, could be observed (Millipedes, Spiders, Diptera, Dip-
tera Larvae and Coleoptera Larvae in November sampling, Diptera in
February and Coleoptera adults and Larvae in May sampling). Some
groups, also, have densities not significantly different, between
Rows one and two (Coleoptera in November's sampling, Diptera Larvae
and Spiders in May's sampling), as well as between Rows three and
four (Coleoptera in November, Diptera Larvae in February, Diptera
adults and Larvae in May).

Thus, we see that the main distinction existing between the Ma-~
croarthropod densities is this betwecen Rows one and four. In the in-
termediate Rqws the groups-except from the predators— have similar
densities,

The Macroarthropod communities

Taking into account the groups present and absent in each Row,
and their relative abundances, three Macroarthropod ccmmunities could
be distinguished, corresponding more or less directly to the intensi-
ty of perturbation,

In the first zone, corresponding to Row one, the community is
characterized by the complete absence of Millipedes and Ants (figures
9, 10), by the partial absence of Spidere, Centipedes and Diptera, and
by a very important reduction of all the Macroar“hropod densities. The
dominant group is the Diptera Larvae.

The second zone (Rows two and three), is situated at an inter-
mediate distance from the road. The community here is characterized by
the appearence of the groups not existing in the previons zone. Never—-
theless the densities of the Macroarthroped community in this zone arc
~elatively low, lower than those in Row four. The groups of predators
still existing in the section, seem to be most affected, showing the
lowest relative abundance, Diptera and Coleoptera Larvae are still the
dominant groups.

The thivd Macroarthropod community corresponds to the last sam—
pling zone (Row four). Litter here is abundant with a vertical struc-
ture during winter corresponding to the three layers previously des—
cribed. The perturbation of this zonme by trampling seems to be negli-
gible. Densities of certain groups such as Spiders and Centipedes are
five and nive times respectively higher that those in the first zone.
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TABLE 4. Non parametric U-test comparizon between Rows and different groups for all
the sampling periods. Level of significance :

@ non significant ;

0.05.

% significant ; % % highly significant,

NOVEMBER FEBRUARY MAY

RRJRR[RR] RRIRRIRAS R RS R AR R R R AR RR. AR RRS R R RuRY

Spiders @ hkihhihk{didn] @ | @ (A x| O Hh XA] @ | 0 &k @ I hk|d*

Centipedes O [k kAAN|AA|NKN] @ | @ |hnx| ® |kl x] O )0 0| 0|0]|@®

Millipedes *k|kk|kx| @ |0 |0]o |0 jax|[o0|an|/0o|]® 06’0 |0]|0]e

Diptera 0|0 |0 |0 |0 |0 |rhlhnhn]|o |Axjkrw]o |[¥A]XA|[XN|nk]| @

Diptera *laenlo oo |o]o|[axn|lnnlanxlan|o]o|xxjo] x|anle
lLarvae

Coleoptera O |xajan|ha| 0|0 [an|hnlnle |halrrlaniralo]|o|axnleo

Coleoptera o 0|0 o o |ole|wn|rnlan|an|o]|lo | o] «]|e |[aalex
Larvae

Ants AL RN IERIN BN BN NN BN BN NN REEIREEREIE LRI N




A preliminar comparizon between the densities of HMacroarthropods in
this zone and those of a non trampled, similar forest floor was made.
(Station Biologique de Foljuif, E.N.S,, situated 20 km south of our
study area, unpublished data). This comparizon points out that almest
all the group: from the third zone cf our study area have lower den-
sities than tt,se of the practicly non trampled floor. Nevertheless,
Coleoptera lave in all the sampling periods much higher denzities
than those of Foljuif.

However the composition of Macroarthropod community in this
third zone appears not to differ significantly from this of the non
perturbated floor.

Seasonal variations of the Macroarthropod communities

In the end of November litter is formed over the study area as
an homogenous layer of leaves. This litter is rapidly inhabited by
many groups (Tablz 1). Although litter is homogenously distributed,

a certain gradient between Rows can be easily observed, for Spiders,
Centipedes, Ants and Coleoptera. Other groups such as Diptera adults
and larvae, Coleoptera lLarvae, and even Millipedes seem to be unaf-
fected in this period. During winter, with thc litter's accumulation
in the less trampled on places, the influence of perturbation is
clearest in all the groups, which show progressively increasing den—
sities from Row one to Row four. During Spring the intensity of tram-
piing reaches its maximmw (figure 2). The composition of the Macro~
arthropod commnity in Zones one and two is completely different from
February to May samplirz (Tables 2 and 3). Thus, Spiders, Millipedes,
Ants and Diptera are cuvmpletely absent from Row one and two while
they show low densities iu Rows three and four. Centipedes are absent
from all the area.

The predator populations

The previous discussion focused on the spatial and temporal va—
riations of the structure of Macroarthropods community under the in-
fluence of perturbations induced by trampling. We observed tlat the
predators are affected the most, their densities responding almost di-
rectly to the intensity of perturbatiom factors. Spiders and Centipe-
des are practically the only predators remaining in the area. The den~
gity of Spiders increases progressivly from Row ome to Row foux. The
number of species present, also follows this pattern : in November's
sampling, we found only one species : Leptyphantes flavipesa in Row
one, two species, TZgo vogans (Bl.), Theridium vittatum C.L. Koch in
Row two, and five species, Centromeritae concinna,(Th.), Leptyphantes
minutas, Bl., Tiso vagans, Leptiphantees flavipes Bl., Centromenus
aequalis C.L. Koch,in Rows three and four.

The study of Centipedes shows that the Lithohiomorph do not
appear all over the study area. Only one species of Geophilomorph
Schendyla nemorensis C.L. Koch, was found in the first and the se-
cond zone, while four different species (three immatures and a Bro—

chygeophilies tryncorum Meinert, were found in the third zone (Row
four).

These results show the important relation which may exist bet-
veen certain perturbation factors and the specific richness of the
predator communities in the so%%zgeosystem.
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CONCLUSIONS

The study of the Macroarthropod communities of a trampled on
forest soil, focuse on certain aspects of their structure. First of
all we wish to underline the complete absence of certain functional
groups such as Pseudoscorpions and Cpilions, whose the role as preda-
tors is iwportant for the community. Also, the absence of the espe-
cially important for litter's decomposition group of Isopoda, is
remarquable. The reasons of disappearence of these functionally and
taxonomically very different groups, have to be identified. Rowever,
other predator groups such as Spiders, Centipedes and Ants are pre-
sent in much lower dengities than in non trampled on zones., The sam-
pling by Rows, pointed out that their numbers and specific richness
increase when the perturbation in the floor is less important (figu—
reg 3 and 4). Studies in ecosystems of different structures, also
show that the predators are always affected the most (Novacova, 1969 ;
Littel, 1974 ; Van dc1 Ploeg and von Wijngaarden, 1975).

From the other hand, groups such as Diptera and Coleoptera seem
to be no affected directly, showing howevor certain gradients in their
densities corresponding to the intensity of perturbation,

Thus, Macroarthropods, which do not show the same preferences
in habitat and nutrition, de not react in the same way, in trampling.
Through the study of these reactions and the ). :roarthropod communi-
ties modifications, it will be possible to measure the effects and to
characterize the impact of perturbation induced by trampling.
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QUESTIONS and COMMENTS

G. KLEE: Did you find any physically damaged or dead
larger macroarthropods in the heavily walked over areas in
Row 1 or Row 2, that appeared to be injured by keing stepped on?

S. MOLFETAS: The damages, in individuals with a length
of 5 mm is very difficult to be identified. In any case,
our method was not the hand sorting sampling but the ex--
traction in Berlese-Tullgren, so that the already dead animals
could not be extracted.

MS. R. SNIDER: In casual sampling near the established
rows, did you frequently find isopods? What was (were) the
species?

S. MOLFETAS: During the whole sampling period we have
never found any isopods in this section. Nevertheless in
adjacent section of the fcrest, with similar vegetation
structure, but not trampled, we can find easily "normal"
densities of isopods. The same happens also with the control
(Sstation Biologique de Foljuif).

B.STEVENSON: The presence of urdisturbed litter appears
to be important for a stable macroairthropod community. Does
the importance of this litter habitat -for arthropods rest
primarily in its structure, energy or food value, or effect
on soil-litter microclimate?

S. MOIFETAS: The structure and function of the macro-
arthropod communities in the soil, is related with the litter's
structure, because it is in the same time the habitat and
the food factor, for the decomposers, which are the prey of
predators' populations. So the abundance of litter, determines

PR,



more or less the macroarthropods' densities.

K. RICHTER: No mention was made of pulmonate mollusks
in your study: Is this an indication they were never okserved
and therefore not present in the Forest of Fontainbleau?

S. MOLFETAS: Three slugs were observed during the study
and therefore slugs were not considered as important indicators
of trampling effect.
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SOIL MITE COMMUNITIES IN THE POOREST ENVIRONMENT
UNDER THE ROADSIDE TREES

‘Jun-ichi Aoki and **Genichi Kuriki

*Yokohama National University
**Tohoku Dental Unmversily
Japan

INTRODUCTION

In the centzral part of large cities wholly laid with
asphalt, we can see so0il surface only around roadside trees.
The areas of about 1 X 1 m suare are mostly naked or covered
by poorly grown weeds and the soil is very firm almost with-
out organic layer. Such an environment seems to be one of
the most unsuitable places to live for most of soil animals.

The present study was carried out in and around Yoko-
hama City to ascertain whether soil mites inhabit such an
environment or not and, if they dc, what kind of species or
group of mites can live there and how the soil mite communi-
ties differs from those of green area.

METHODS

The city of Yokohama is located south of Tokyo and
the secord largest city ofzJapan. having a large population
of about 2,752,000(6454/km“). The sampling was made in May,
1978 at 18 points in three serieses along the Route 16(Fig-
ure 1l). The series A was taken from soils around roadside
trees in the urban area near the center of Yokohama City.
The series B was also taken around roadside trees, but in
the suburban area outside the city. The series C was taken
in green areas in and outside the city, namely in parks or
groves situated not so far from the Route 16. At each point
ten samples of 100 cc soil were taken by the sampler of 5
X5 X 4 cm from around ten trees.

RESULT AND DISCUSSION

The five groups of soil mites

An unexpectedly large number of soil mites were col-
lected from any of the three different environments. They
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Figure 1. A map showing the sampling points along the Route 16.
Ap-Ag:Urban roadsides(in the city). By~ Bg: Suburban
roadsides(outside the city). - C7:Green areas.
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Figure 2. Change in average demsity of the five groups of soil
mites in the three different environments.
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were classified into five taxonmomical groups — Gamasida,
Oribatida, Actinedida, Tarsonemida and Acaridida. As shown
in Table 1 and in Figure 2 the densities of Gamasida and
Actinedids were not so clearly different among the three
different environments, though their average numbers become
slightly higher from the series A to C. However, a distinct
tendency of increase in number of Oribatida was observed in
the green areas(series C) compared with the suburbamn(series
B) and urban roadsides(series A). The average density of
Oribatida in the green areas was about three times as high
as that in the urban roadsides.

On the contrary, the densities cf Acaridida and Tar-
sonemida were highest in the urban roadsides and lowest in
the green areas. The tendency was especially striking in the
case of Acaridida, its average density in the urban road-
sides being 100 times as high as that in the green areas.

A similar tendency was observed in the comparison
among relative abundancies(Z) of the major groups 5f soil
micro-arthropods including Collembola(Figure 3). The average
density of Oribatida was 30.9Z in the green area, but it
decreased to 23.6% in the suburban roadsides and was reduced
to only 5.6% in the urba. roadsides. On the contrary, Acari-
dida occupied only 1.52 in the green areas, 9.87 in the sub-
urban roadsides, but strikingly increased to 48.9% in the
urban roadsides. Tarsonemida showed a tendency somewhat
different from that of the actual density, reaching to the
highest percentage(16.3%) in the suburban roadsides. Rela-
tive abundancy of Collembola was highest in the green areas
(34.6%), but not so strikingly decreased in the roadsides
(25.1% and 20.0%).

The population of Acaridida was mostly composed of a
single species, Tyrophagus putrescentiae ( SCHRANK ), which is
known in Japan as a famous pest of stored foods and "tatami"
(straw mats). The species is also found in forest soils of
Japan, but always in very low density. The mites of Tarsone-
mida mostly consisted of several unidentified species of the
families Scutacaridae and Pyemotidae. These two groups of
80oil mites, Acaridida and Tarsonemida, seem to prefer en-
vironments under heavy human impacts and may be considered
as "anthrophilic" animals, while Oribatida as a whole may
be called "aunthrophobic" animals.

In natural forests of Japam or in places under light
human impacts, the order in abundancy of the five groups of
soil mites is usually Oribatida 3> Gamasida g Actinedida >
Tarscnemida = Acaridida. It was proved that this order was
converted in environmeants under heavy human impacts as
Oribatida > Tarsonemida = Acaridida > Gamasida = Actinedida
in the suburban roadsides or Acaridida >> Tarsonemida > Ori-
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Dengity(number/5x5x4é cm3) of the five different groups of soil mites

Table 1.

in urban roadside(A), suburban roadside(B) and green area(C) of Yokohama.

Sampling point Gamasida Actinedida Oribatida Acaridids Tarsonemida Total
o | Al Yamashita-cho 3.6 5.0 5.6 26.3 1.9 42.4
2| A2 Tsuruma 2.8 1.2 11.8 104.1 20.4 149.3
< | A3 Sengen—cho 8.6 11.9 17.3 218.1 3.6 290.5
QE A4 Miyata-cho 0.9 3.2 2.0 36.8 15.4 $8.3
» A5 Hodogaya 5.7 4.2 6.0 181.8 28.1 225.8
8 | A6 Kamihoshikawa 2.6 0.7 8.0 26.2 11.0 48.5
Average 4.0 4.4 8.5 98.9 18.6 134.3

Bl Minami-Machida 2.3 1.7 13.8 0.1 1.6 19.5

< | B2 Xami- Tsurums 12.1 3.0 10.4 13.8 5.6 44.9
§'2 | B3 Fuchinobe 4.6 4.5 8.5 21.8 11.4 50.8
%% | B4 Sagamihara 6.8 11.6 35.6 8.6 14.6 77.2
.§ £ | B5 Minami-Hashimoto 0.9 5.7 6.1 0.1 12.7 25.5
@ Average 5.3 5.3 14.9 8.9 9.2 43.6
Cl Sankei-en 8.6 7.8 15.3 2.5 0.1 36.4

C2 Sankei-en 10.1 15.3 45.4 0.5 1.6 72.%

C3 Yokohama Station 10.5 9.8 24.9 1.2 5.9 52.3

E C4 Yokohama Natu. Univ. 4.3 12.4 23.2 0.4 7.2 47.5

§ 9| C5 Kami-Kawai 3.2 6.1 11.9 1.6 0.1 22,9
g C6 Sagamihara 8.6 15.1 39.1 0.7 1.9 65.4
C7 Sagamihara 1.9 7.3 20.2 0.1 0.4 29.9
Average h.7 10.6 25.7 1.0 2.5 46.4




Figure 3. Comparison among relative abundancies of 80il micro-
arthropod groups in the three different environments.
A : Urban roadsides, B: Suburbun roadsides, C: Green areas.
The blank creas indicate tha total percentage of the other
micro-arthropods including the remaining mites, araneids,
crustaceans, myviapods and the other insects.

JAcaridida m Tarsonemida
- oribatida l++.,,+.,!Collembola

batida = Actinedida = Gamasida in the urban roadsides.

The average density of total soil mites was highest
in the urban roadsides, being about three times as high as
that in the suburban roadsides or the green areas. Before
our investigation, we supposed that the mite density would
be very low in the urban roadsides and never expected such
a high density which was attributed to a .great number of
acarid mites.

Analysis of oribatid communities

S

As stated above, Oribatida as a whole was found to
be "anthrophobic" animals. But, are they all anthrophobic ?
To elucidae the problem, the species composition of Oriba-
tida rvas investigated a* each sampling point.

A total of 91 species of Oribatida were found, 22
species from the urban roadsides, 37 spzicies from the sub-
urban roadsides and 76 species from the green areas. A part
of the species showed characteristic pattern of appearance
in relation to environmental difference as shown in Table 2.
Oppia tokyoensis AOKI, Oribatula sakamorii AOKI and Eremuluys
sp.B of the "group 1" were more frequently fourd in the
roadsides (A and B) and considered to be "anthrophilic"
species. Oppia tokyoensis had been described from the so0il
under roadside thicket in the central part of Tokyo(AOKI,
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Table 2. Grouping of the oribatid species according to their appearance in the three ditferent
euvironments. The figures in the table indicate the degree of average density/100 cc soil
di"ided into five classes — 15051—0~9, 2‘1-0'1.9, 33200-219. 4=3|o-4¢9’ 5:5u0-14-6o

e

Urban Suburban Green area
Grovp| Oribatid species roadside roadside
Al A2 A3 A4 A5 A6| B1 B2 B3 B4 B5{ C1 C2 C3 C4 C5 C6 C7
Oppia tokyoensis AOKI 21111581414 111 2
1 loribatula sakamorii AOKi 1 4 1 1 1 2
Eremulus sp.B 1 2 1 3 1
Cultroribula lata ADKI 315 4 54
Metrioppia sp.A 3211313
FissicephBus clavatus (AOKI) 1 11 1
9 [Microzetes auxiliaris GRANDJEAN 1 1 1
Eremobelba japonica AOKI 1 2 2 1
Multioppia brevipectinata SUZUKI 2 11
Gymnobates sp. : 11
Eohypochthonius crassisetiger AOKI 1 1
Hypochthoniella minutissima BERLESE 1 1 1
Machuella ventrisetosa HAMMER 11 11 11
3 |Eohypochthonius parvus AOKI - 11 1 1 11
Rhysotritia ardua (C.L.KOCH) 1 1 111111
|Oppiella nova (OUDEMANS) 1 2 111 1 51 3 4 2
Tectocepheus velatus (MICHAEL) 2 1 2 1 1 3 2 411314113
4 |Oppia sp.33 2 551 4 1|5 3 2 1% 1 31
Oppia sp.l 11 11111 1]1 1111
Quadroppia quadricarinata (MICHAEL) 2 11 1 3 1]11 1 1
Average total number 51214 2 6 13 8 732 6 121 13 36 20 11 37 11
Total species number 51014 6 13 813 26 11 |22 20 31 26 19 24 20
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1974) and Oribatula sakamorii had been collected for the
first time in a greenhouse of melon fruit (AOKI, 1¥70) and
was later found from poor secondary grasslands and farms.

But, such species are rather exceptional among the
oribatids. Most of the oribatid species dc not like to in-
habit poor s0il environmerts under heavy human iwpacts. The
species of "group 2" and "group 3" in Table 2 are normal in
this sense, inhabiting only or mostly the green are