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I. INTRODUCTION

The Collembola, an order of apterous insects, 

have been studied by ecologists interested in popula

tions of soil organisms in an effort to delimit the 

requirements of these organisms in a soil ecosystem. 

Soil is an open ecosystem; thus, there are many vari

ables which must be taken into consideration. Each 

soil layer and plant layer has its own microclimate 

and is heterogeneous both vertically and horizontally. 

The interactions between these layers increase the 

difficulty of accurately delimiting and describing 

variances in the daily and seasonal fluctuations that 

occur. Ecologists have attempted, in some instances, 

to combine and describe these interactions as they 

affect Collembola populations. In other instances, an 

individual factor of the environment was measured in an 

effort to attribute a single factor as the cause for 

population fluctuations.

Knight (1961), in the Piedmont region of North 

Carolina, conducted a study of the seasonal fluctua

tions in density and frequency of several species of 

Tomocerinae in an effort to determine those micro

climatic factors which affect each member of this
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subfamily in old field stands. In the Nadia district 

of India, Choudhuri and Roy (1967), in West Germany, 

Holler-Land (1962), and Wakerley (1963) in Scotland 

also have investigated individual soil factors in an 

effort to correlate these abiotic factors with 

Collembola populations. An increased interest in the 

Col 1embola has been evidenced in recent years from an 

ecological viewpoint. These organisms apparently 

serve as indicators of the type of abiotic environment 

they inhabit.

The taxonomy of the Collembola has been exten

sively studied; more so than any other phase of their 

biology. Until recently, the taxonomic classification 

of the Collembola had remained almost unchanged since 

Borner's "Das System der Col 1embolen" in 1 906 and "Die 

Familien der Col 1embolen" in 1913. No attempt had 

been made to re-evaluate the relationships on which 

Burner's entire scheme was based until Salmon (1964) 

published a revised scheme for this order of insects, 

Table 1 .

The simple fact that they are present in great 

numbers and have a cosmopolitan distribution in the 

soils of the earth (Smith, 1966) indicates that the 

Collembola are potentially very important organisms 

in the study of soil dynamics. Salt, et_. aj_. (1948)
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report, that in certain pasture soils, 85 per cent of 

the fauna consists of mites and Collembola.

Collembola are present in all of the agricultural 

soils of the earth, feeding on decaying organic mat

erial, fungi, and roots. Fungi are their preferred 

diet (Kooistra, 1964; Knight and Angel, 1967). These 

two factors alone make them potentially very impor

tant in soil formation. The economics of such pre

valent organisms could be very important agricul

turally (Christiansen, 1964; Folsom, 1933).

Salmon (1964) cites the almost complete absence 

of any knowledge of the physiology, embryology, and 

ecology of the Collembola. The inter-relationships of 

Collembola to one another, and to other soil organisms 

with reference to micro-food chains, is almost totally 

unknown. Little is known about their life cycles, 

and only recently some of the cellular aspects of the 

order have been investigated. Nunez (1962), for example, 

published an introductory work on the cytology of 

the Collembola in which he discussed the chromosome 

number and some variances in this for a few of the more 

common species.

Collembola are generally soil inhabiting 

organisms; however, some species are found in 

environments which approximate those of the soil.
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The soil provides a relatively stable environment for 

the organisms which exist in it, as well as certain 

unique problems with which the organisms must 

contend. The major problem of these animals is 

movement in the soil. Collembola are not equipped 

with burrowing appendages; consequently, they are 

restricted to the channels established by other 

animals and plants. The Collembola are found princi

pally in association with burrowing mites which prey 

upon them.

Atmospheric gases in the soil are also 

restricted because of these micro pathways. The 

availability of capillary water films and oxygen 

presents problems for all soil dwelling inverte

brates. Most soil animals depend on hygroscopic and 

capillary water in the soil for life and movement.

Soil water and soil particle size, in turn, affect 

the permanence and rigidity of the soil micro pathways.

Fontenel1e Forest is well suited for a com

parative study of individual soil factors as they 

affect the soil Collembola populations. There are a 

number of contrasting terrains in the area. The 

preserve, protected since 1912, includes wooded bluffs, 

prairie, and a wooded floodplain. These topographic
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features overlay the general loess soil formation.

The topsoil is formed differently in contrasting 

areas. There are almost yearly deposits of silt 

carried onto the plain by the waters of the Missouri 

River. The bluff soils are subject to differences 

in weathering, which varies with the type and thick

ness of vegetation present. The 1500 acre area is 

almost untouched by civilization. The only inten

sive study that has been conducted in the preserve 

has been a survey of the vascular plants by the Omaha 

Botany Club. This survey was conducted during a ten- 

year period from 1949 to 1959 and includes a herbarium 

collection of these plants. No record of any other 

intensive studies of the fauna and flora of the area 

is known.
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Subfamily: 
Subfamily:

Subfamily:

Class: Hexapoda Latreille 1825
Order: Collembola Lubbock 1870

Suborder: Metaxypleona Salmon 1964
Family: Poduridae Lubbock 1870
Family: Actaletidae Stach 1955

Suborder: Symphypleona Borner 1901
Family: Neelidae Folsom 1896
Family: Sminthuridae Lubbock 1862

Subfamily: Dicyrtominae Borner 1906
Sminthurinae Borner 1906 
Spinothecinae Delamare 
Debouteville 1 9 6 
Sminthuridinae Borner 1906 

Suborder: Arthropleona Borner 1901
Superfamily: Hypogastruroidea Salmon 1964

Family: Onychiuridae Borner 1913
Subfamily: Pachytul1bergünae Stach 1954
Subfamily: Tetrodontophorinae Stach 1954
Subfamily: Tullbergunae Bagnail 1935
Subfamily: Onychiurinae Borner 1906

Family: Hypogastruridae Borner 1913
Superfamily: Entomobryoidea Womersley 1934

Family: Protentomobryidae Folsom 1937
Family: Entomobryidae Tomosvary 1882

Subfamily: Entomobryinae Schaeffer 1896
Subfamily: Cyphoderinae Borner 1913
Subfamily: Paronellinae Borner 1913

Family: Isotomidae Borner 1913
Subfamily: Anurophorinae Borner 1901
Subfamily: Proisotominae Stach 1947
Subfamily: Isotominae Schaeffer 1896

Family: Oncopoduridae Denis 1932
Family: Tomoceridae Borner 1913

Suborder: Neoarthropleona Salmon 1964

Table 1. A Classification Scheme of the Collembola



II . STATEMENT OF PROBLEM

An initial investigation of the ecology of the 

soil fauna was undertaken in selected areas of 

Fontenelle Forest, with special reference to the 

Collembola. Analysis of the population dynamics of 

these organisms and their relations to certain abiotic 

factors in their micro-environment were studied.

The soil fauna is almost entirely confined to 

the upper three to six centimeters of soil (Dowdy,

1944; Cancela Da Fonseca, Poinsot and Vannier, 1967). 

These upper centimeters more readily reflect changes in 

the ambient temperature than the deeper regions of the 

soil. The invertebrate fauna of the soil responds 

readily to variations in atmospheric ambient tempera

ture by migration upward or downward in the soil. 

Temperature, when considered as the single variable 

prompting faunal migrations, triggers migration of 

invertebrates downward when it is below four degrees 

Centigrade. There is a net movement of soil inver

tebrates toward the surface when the temperature 

exceeds seven degrees Centigrade. Dowdy (1944) 

found this to be true with hemiedaphic or epigaeic 

as well as with eudaphic organisms.
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The specific heat and thermal conductivity of 

the soil increase as the soil moisture increases 

(Col 1is-George, 1 959). Thermal gradients are smaller 

and the soil temperature is more liable to sudden 

variation with ambient temperature fluctuations in a 

column of wet soil than in dry soil. Thermal con

duction must be considered as the principal means of 

thermal flow into and out of forest soils. Channels 

and pores in the soil are tortuous, small in volume, 

and their surface openings are usually protected from 

extreme ventilation by litter. The rate of soil water 

evaporation is proportional to the soil thermal conduc

tivity and specific heat. Thermal conductivity and 

specific heat are interdependent in a manner that 

tends to prevent extremely rapid changes in forest soil 

moisture and temperature. With increases in the tem

perature of the soil, the rate of chemical reaction in 

the soil increases. Water provides a medium for reac

tion and increases the thermal capacity of the soil, 

which serves as the pool for reaction energy in this 

envi ronment.

The simple presence of water in soil does not 

provide organisms with an ideal environment to survive. 

Many soil animals, Collembola included, use the capil

lary water films covering soil particles as a source
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of water. Linked to soil water content is the humidity 

of the atmosphere within the soil channels. It has 

been reported that some Collembola, ie. 0 ny c h i u r u s 

armatus, acquire the water needed for life by 

absorption of water vapor condensed on the ventral 

tubule (Nutman, 1941) and on their dorsal exoskeleton 

(Davies, 1928), as well as by direct drinking of water 

from droplets on the soil. Thus, the ambient atmos

pheric humidity, as opposed to the soil atmospheric 

humidity, level could easily attract Collembola from 

the soil, especially in forest areas, or drive litter 

dwellers into the soil to escape desiccation. Some 

species of Collembola can survive for only ten to 

twenty minutes in unsaturated air (Davies, 1928; 

Choudhuri, 1963a). Cryptopygus caecus can remain in a 

dormant, desiccated state or anabiotic condition for 

several days and can be revived almost immediately by 

water (Rapoport and Tschapek, 1967). Successive molts, 

up to the adult stage in Onychi urus, are increasingly 

more resistant and tolerant to desiccation (Choudhuri, 

1963a). Apparently, this is generally true with the 

Entomobryidae. It has also been established that 

there are optimum conditions for fecundity and develop

ment in soil arthropods (Sweetman, 1931; Christiansen, 

1964). The soil temperature is closely related to

l
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moisture in soil dynamics, and certainly affects the 

soil humidity. Mukulski and Wosiak (1960) studied the 

effects of temperature on the development of 

Hypogastrura manubri ali s . They showed that the vital 

range for development was less than ten degrees 

Centigrade and that the rate of development differed 

substantially over this ten degree range. Atmospheric 

humidity and moisture of the soil as they affect 

Collembola development and survival in a population, 

certainly must be considered, with temperature, in a 

natural population.

Collembola have a cuticle which inhibits evapora

tion from their body surface by reducing the rate of 

capillary movement of water to the surface of the animal. 

The lipoid layer impregnating the epicuticle determines 

the permeability of the cuticle. Water loss from the 

Collembola Podura aquatica, increases exponentially 

with temperature, except for a discontinuity in the plot 

of the temperature-transpiration curve between seven

teen and twenty degrees Centigrade (Noble-Nesbitt, 1 963). 

Collembola display a "critical temperature" (Edney, 1957; 

Beament, 1959), at which point on the temperature-trans

piration curve the discontinuity appears. This discon

tinuity is caused by the approach of the temperature to 

the fusion point of the lipoid layer. An abrupt



transpiration rise occurs at this temperature. Above 

the critical temperature, the fused cuticle is more 

impermeable to water vapor. The approximation of the 

soil atmospheric humidity to the animal tissue satura

tion level determines the rate of evaporation from the 

animal; but other factors modulate this relationship.

Choudhuri (1961a) reported that varying degrees of 

abrasion of the cuticle was a limiting factor for popu

lation size. This effect was attributed to a combina

tion of soil factors such as particle size, particle 

type, and the amount of surface water surrounding the 

particles. Three species were reared in different soil 

types, with different abrasive qualities, at 20t2°C.

After ten days they were examined, and it was concluded 

that abrasive soils removed the wax layer chiefly from 

the tergites and legs. The Collembola migrated down

ward in the culture soil in response to surface drying; 

presumably to avoid the increased abrasion caused by dry 

soil particles. Abrasion of the cuticle eliminates the 

fusion phenomena and reduces the protection of cuticular 

lipoid fusion. Above this point desiccation of the 

Collembola then continues to increase approximately 

exponentially with temperature. H'o'ller-Land ( 1 962) 

reported that with manure accumulation in the soil, the 

population of Collembola rises rapidly. The soil
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particle type, shape, and size are linked with soil 

moisture and temperature in affecting the rate of desic

cation of Collembola; and, possibly, the end result 

is an alteration of the population growth rate and size.

Attempts have been made to explain the fluctua

tions in Collembola populations, either in terms of 

simple seasonal change or in terms of the variation of 

environmental factor(s) which constitute the seasonal 

change. Some workers have attempted to attribute soil 

migration primarily to humidity, while other workers 

have sought to explain the phenomena of population 

fluctuations in terms of one single soil factor. The 

soil element, usually reported to affect population 

size, is phosphorous (Choudhuri and Roy, 1967; Holler- 

Land, 1 962 ; Wakerley, 1 963). H'oller-Land has reported 

a relationship with potassium levels and a definite 

range of nitrogen concentrations which is suitable for 

small soil life. The pH of the soil is definitely an 

important factor, if it varies outside the biotic 

tolerance range. Within this biotic range, it would 

be determined by the concentrations of elements present 

and their manner of combination. The effect of soil 

element variation on Collembola is mostly indirect.

The soil pH fluctuates with the qualitative and quanti

tative composition of the soil and, thus, affects food



sources, attacks the integrity of the procuticle, and 

the composition of the gases diffused into the soil 

gas atmosphere.

American elms and basswood, which have a high 

concentration of calcium in their leaves, dominate 

the flood plain and are found in the bluff areas in 

Fontenelle Forest. The high number of gastropods 

feeding on these leaves, and the great number of leeched 

snail shells found, attest to the high calcium concen

tration found in this Forest soil. An element found 

in such obviously large quantities could be a limit

ing factor in arthropod population growth, in addition 

to the other factors already cited.

Seasonal population highs are reported to occur 

approximately in February (Wallwork, 1959) or in August 

(Choudhuri and Roy, 1967). Yearly peaks have been 

reported, in world-wide studies, in almost all of the 

remaining ten months of the year. The cause of the 

fluctuation must therefore be some single change or 

combination of changes that constitute the seasonal 

environmental variation in a specific locale.



III. METHODS

Selecti on of Plots

Four sites were chosen as collecting areas. 

These sites varied with respect to terrain, drainage, 

plant growth, litter cover, and other environmental 

conditions. All collecting areas are shown on the map 

of Fontenel1e Forest in Figure 1 and in Photographs 

1 through 4.

Description of Plots

Plot 1 (Photograph 1) is located at the east 

end of the Gifford Farm road which passes through 

Fontene11e Forest. It is exactly 83 feet due west of 

the fence that marks the eastern boundry of the Forest 

along the Gifford road, and 284 1/2 feet due south of 

the center of Gifford road. American elm (U1mus 

amer i cana) forms the canopy layer of the forest in 

this area, and is the dominant tree on the flood 

plain. In the spring and fall seasons, the ground is 

thickly covered with elm leaves. Land snails 

(Polygyra multi1i nea ta) are plentiful in this area, 

feeding on elm leaves. The predominant annuals are 

the taller slender nettle (Urti ca gracilis) the

stinging nettle (Urti ca d i o i c a ), and^Viola spp. which



III. METHODS

Selection of Plots

Four sites were chosen as collecting areas. 

These sites varied with respect to terrain, drainage, 

plant growth, litter cover, and other environmental 

conditions. All collecting areas are shown on the map 

of Fontenelle Forest in foldout and in Photographs 

1 through 4.

\

Description of Plots

Plot 1 (Photograph 1) is located at the east 

end of the Gifford Farm road which passes through 

Fontenelle Forest. It is exactly 83 feet due west of 

the fence that marks the eastern boundry of the Forest 

along the Gifford road, and 284 1/2 feet due south of 

the center of Gifford road. American elm (U1mus 

ameri cana) forms the canopy layer of the forest in 

this area, and is the dominant tree on the flood 

plain. In the spring and fall seasons, the ground is 

thickly covered with elm leaves. Land snails 

(Po1ygyra multilineata) are plentiful in this area, 

feeding on elm leaves. The predominant annuals are 

the taller slender nettle (Urti ca gracilis) the

stinging nettle (Urtica dioica), and Viola spp. which
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form the dominant ground cover. The nettles are thick 

on the flood plain, with one plant approximately every 

six to eight inches apart. The soil is a mixture of 

decayed organic material and a clay-sand silt tnat is 

deposited by frequent spring floods. The entire flood 

plain was covered with water in the heavy rains of 

June, 1967. Drainage in this area is poor.

Plot 2 (Photograph 2) is located on the side of 

a bluff which is 200 feet above the flood plain at its 

highest point. This collection site was located on 

the slope of the bluff and is 85 feet above the plain. 

This area is subject to run off and wind action so 

that it is almost free of litter and seedlings during 

the entire year. Consequently, the plot is almost 

completely devoid of any annual plants. Scattered 

seedlings of oak (Quercus macrocarpa and Quercus 

boreali s) may be noted in this area. The canopy 

layer is red oak (Q. boreali s). There are a few bass- 

wood (Ti1i a americana) and silky dogwood (Cornus 

amomum) saplings forming an intermediate layer below 

the canopy. The surface soil is dark, coarse, and is 

much less compact than the flood plain soil. The exact 

location of this plot is 180 feet south from the 

center of Gifford road, where it intersects the 

railroad tracks at the base of the bluff, and due

west 233 feet up the bluff.
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Plot 3 (Photograph 3) is located nearer the top 

of the bluff than is plot 2. It is exactly 581 feet 

south along the railroad tracks, measured from the 

center of Gifford road, and 400 feet due west up the 

bluff. The approximate elevation above the flood 

plain is 190 feet, according to contour maps of the 

area. An oak canopy layer persists in this area, 

and the canopy is thicker than that of plot 2. Oak 

and elm seedlings are the plant cover close to the 

ground. Viola spp. are frequent. Greenbrier (Smi1 ax 

tamnoides) growths border the plot. The leaf litter 

is thick and persists through the entire year because 

of the well sheltered position of the plot on the 

easterly slope of the bluff. Consequently, this 

soil is very coarse in texture and heavily laden with 

partially decayed organic material.

Plot 4 (Photograph 4) has the heaviest plant 

cover near the surface of the soil. Scattered Viola 

spp. are present with very scattered representatives 

of the grass family. Slender nettles (U_. graci 1 i s ) 

and stinging nettles (IJ. d i o i c a ) are frequent but 

stunted in height because of the heavy canopy of 

cottonwoods (Popul us del toi des ) . Young elms (IJ. 

ameri cana) occur under the cottonwood canopy in this

area. Dogwood (Ĉ . amomum) , mulberry (Morus rubra) ,
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burr oak (C[. macrocagpa) saplings form a small 

thicket around the area. The fine sand and flood- 

deposited soil make up the entire top three inches of 

soil. The leaf litter was carried off of the flood 

plain by the June flood. This plot is located by 

following the stream 1474 feet south along its east 

bank and due east 77 feet from that point.

Samp!i ng

A metal stake was used to mark the center of 

eacxh plot. Each plot consisted of a circle with a 

radius of six feet from the metal stake. Core samples 

were taken at 1.5 feet, 3.5 feet, and 5.5 feet along 

this radius in a regular clock-wise rotation about the 

center stake. A simple tubular soil core sampler of 

5.0 cm diameter was used. The samples were taken from 

ground level down to a depth of 3.75cm. Each core 

contained approximately 73.57 cm3 0f soil. All litter 

and debris was swept from the immediate area of the 

core sample at the time of sampling and returned after 

sampling. Cores were placed in metal canisters and 

returned to the laboratory for processing. The three 

cores, taken from each site at each collecting date, 

were combined for extraction in a Berlese funnel set

up.
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Extracting Apparatus

A commercially available Berlese funnel was 

used to extract invertebrates from the soil samples.

A 60 watt light bulb, with an aluminum reflector, was 

mounted four inches above the top of the funnel mouth 

or ten inches above the soil sample. The light bulb 

provides light, heat, and desiccation gradients to 

drive the sensitive organisms from the soil sample.

The funnels used were designed with a wide, screened 

opening at the bottom to increase the efficiency of 

extraction of the Collembola, as indicated by 

Macfadyen (1962).

Large lumps in the three combined core samples 

were broken up to insure even drying. Samples were 

then placed in the funnel and remained under the light 

source for a week. This length of time served two 

purposes. It provided sufficient time to drive the 

organisms from the soil into the container at the 

bottom of the funnel. The container was partially 

filled with a 4% solution of formaldehyde, which 

served both as a fixative and a preservative. Secondly, 

the length of time of exposure to heat desiccated the 

soil samples which were later subjected to chemical 

analysis. The samples were weighed before and after 

extraction to determine soil moisture.
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Funnel extraction efficiency was checked by a 

flotation method with soils from all four plots. 

Eighty-five per cent of all Collembola were removed 

by the funnel method. After extraction of the 

organisms in the Berlese funnel, the soil sample was 

slowly added to a beaker of M  formaldehyde solution.

All lumps were completely broken down to particulate 

size. Collembola are easily separated from the soil 

particles by agitation and they float on the surface 

of the liquid. Hale (1964) reported a similar method 

using either MgS04 or water. His method, however, 

involved boiling the liquid, and reduced the possible 

recovery of Collembola. Collembola float on the sur

face because the outer coating of their body is waxy. 

Boiling could destroy this coating.

The Physical Environment

Samples from each collection area were tested 

biweekly for pH, phosphorous, calcium, and potassium 

using the standard Hellige-Truog soil analysis kit. The 

pH was also determined by two additional methods; both 

alkacid pH papers and a pH meter procedure (Vezina,

1965) were used to test a 50-50 water-soil powder 

suspension that had been prepared an hour before test

ing. Loosely bound phosphorous was determined accord

ing to a molybdenum blue test (Dowdeswell, 1959), using
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stannous chloride as a reducing agent. The blue color 

developed by the reaction was visually compared to a 

color standard.

Soil calcium was determined by a turbidity test. 

Sodium oxalate was used in a basic solution to pre

cipitate calcium ions. The resultant cloudy solution 

was compared to a standard turbidity gauge. The com

parison was made immediately on addition of the oxalate 

to insure that the precipitate was due only to calcium 

and not due to magnesium which also precipitates at a 

much slower rate in this test with oxalate.

Potassium was determined by complexing the 

potassium ion with sodium cobalti-nitrite in an alco

holic sodium acetate solution. The resultant turbidity 

was measured by comparison with a standard gauge in 

the Hellige-Truog kit.

Soil temperature was determined by use of a 

glass field thermometer (-10 to +110 degrees Centigrade) 

inserted into the soil to a depth of two centimeters. 

Soil temperature was measured at each site on each 

collecting date.

The atmospheric relative humidity was determined 

with a wet and dry bulb sling psychrometer. Measure

ments were made at each collecting station on each 

collection date. Air temperature was also recorded from 

the dry bulb of the sling psychrometer.



IV. RAW DATA

All quantitative data on the Collembola popu

lations and the physical environment are presented in 

Tables 2-7 for each of the four areas surveyed. 

Certain factors of the physical environment were cor

related with the populations and expressed as percent 

deviation from the mean value (Graphs 1-4) for the 

entire research period. This provides a convenient 

means for comparison of quantities expressed in very 

unlike terms in their raw form.



D a t e P l o t  1 P l o t  2 P l o t  3 P l o t

A p r i  1 4 10 7 9 4

A p r i i 18 1 7 7 6

M a y 2 1 13 2 4

M a y 1 6 1 3 2 2 3

J u l y 4 5 1 1 6 3

J u l y 19 2 6 1 1 1 0

A u g  . 2 6 4 7 4

A u g . 1 2 2 1 9 0

A u g . 27 3 7 5 0

S e p t . 1 0 1 10 16 0

S e p t . 24 0 1 9 0

O c t . 8 0 5 4 0

O c t . 2 2 1 2 1 0

N o v  . 7 6 2 0 6

N o v  . 21 3 3 3 4

M e a n 3 . 6 5 . 4 6 . 0 2 . 9

T a b i  e 2. T o t a l  C o l  1 e m b o l a c o l l e c t e d  a t PI o t s

1 through 4 on the dates indicated.



27

Date Plot 1 Plo t 2 P l ot  3 Plot 4

April 4 2 1 1 2

April 18 0 0 4 5

May 2 0 2 2 0

May 16 5 0 2 1

J u l y  4 3 1 3 3

J u l y  19 2 1 9 6

Aug. 2 5 0 6 1

A u g . 12 0 0 3 0

A u g . 27 1 4 0 0

S e p t . 10 1 2 1 3 0

Sept. 24 0 0 9 0

O c t . 8 0 1 0 0

Oct. 22 0 0 1 0

N o v . 7 5 0 0 0

Nov. 21 3 3 3 4

Me an 1 .6 1 .0 3.7 1 . 7

Table 3. Total Entomobryidae collected at Plots
1 through 4 on the dates indicated.
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Date Plot 1 Plot 2 Plot 3 Plot

April 4 8 6 8 2

April 18 1 7 3 1

May 2 1 1 1 0 4

May 16 8 2 0 2

July 4 2 10 3 0

July 19 0 5 2 4

Aug . 2 1 4 1 3

Aug . 12 2 1 6 0

Aug . 27 2 3 5 0

Sept. 1 0 0 8 3 0

Sept. 24 0 1 0 0

Oct. 8 0 4 4 0

Oct. 22 1 2 0 0

Nov. 7 1 2 0 0

Nov. 21 0 0 0 0

Mean 1 .6 4.0 2.3 1 . 1

Table 4. Total Poduridae collected at Plots
1 through 4 on the dates indicated.
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Date Plot 1 Plot 2 Plot 3 Plot 4

April 4 350 180 150 250

April 18 600 100 300 600

May 2 300 100 200 300

May 16 300 200 200 300

July 4 300 1 00 100 300

July 19 300 100 200 200

Aug. 2 300 1 00 100 300

Aug . 1 2 300 200 200 200

Aug . 27 300 1 00 200 300

Sept. 1 0 500 200 300 300

Sept. 24 300 200 1 00 300

Oct. 8 300 100 200 300

Oct. 22 300 200 200 300

Nov . 7 300 200 200 300

Nov. 21 500 200 300 500

Mean 350 152 1 97 31 7

Tabl e 5 . Soi1 Phosphorous , 
per acre, at each 
i ndi cated.

expressed i 
plot on the

n pounds 
dates
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Date Plot 1 Plot 2 Plot 3 Plot 4

April 4 30% 30% 20% 30%

April 1 8 40 20 20 20

May 2 30 20 20 20

May 16 30 20 20 20

July 4 30 20 20 20

July 1 9 30 20 20 20

Aug. 2 30 30 30 20

Aug . 12 10 20 20 30

Aug . 27 20 10 20 20

Sept. 10 20 10 1 0 20

Sept. 24 30 30 50 30

Oct. 8 40 30 30 30

Oct. 22 40 20 20 30

Nov . 7 40 60 30 1 0

Nov . 21 40 60 30 30

Mean 30 27 24 24

Table 6. Soil Moisture, expressed in per cent 
water by weight, at each plot on the 
dates indicated.



Plot 1 Plot 2 Plot 3 Plot 4

Soil Calci urn 
(1bs./acre )

8000 4267 4533 8267

Soil Potassium 
(1bs./acre )

560 560 560 560

Elemental 
Soil Nitrogen 
and Ammonia 
(1bs./acre )

5 5 5 5

Soil pH 6.9 6.7 6.8 6.9

Table 7. Mean values of the quantities shown 
determined for the entire sampling 
period.
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Graph 1. Percent deviation from the mean, used as a
convenient scale for comparison of environ
mental factors with population at Plot 1.
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Graph 2. Percent deviation from the mean, used as a
convenient scale for comparison of environ
mental factors with population at Plot 2.
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convenient scale for comparison of environ
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convenient scale for comparison of environ
mental factors with population at Plot 4.



V. DISCUSSION

The total population of Collembola, collected in 

Fontenelle Forest, quantitatively resembles those found 

by other workers in temperate climates (Choudhuri and 

Roy, 1967; Wallwork, 1959). In this study, the mean 

population size on the bluff is significantly different 

from the mean population size on the lowland.

Student's t-test was used to evaluate the data, with 

P = . 05 . Considering the total numbers of Collembola 

collected, the lowland plots, 1 and 4, had mean popula

tion sizes of 3.6 and 2.9 respectively. The bluff 

plots, 2 and 3, had mean population sizes of 5.4 and 

6.0 respectively. The June flooding may account for the 

lower population on the plain; however, the mean size 

before the flood resembles the mean size of the popula

tion after the flood. The plain is generally more 

unsuitable for 'Col 1embola because of a single physical 

abiotic factor, or biotic factor, or any combination 

of these.

The mean soil moisture, soil temperature, and 

atmospheric humidity levels did not vary significantly 

between the lowland and bluff plots. Primarily the 

comparative abrasive qualities of the soil would cause 

lesser and greater resistance to Collembola movement,
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and secondarily cause differences in desiccation associ

ated with cuticle abrasion, fecundity, and survival 

time within the separate populations. Of these three, 

we would expect at least a two week delay, or a mini

mum generation time, before changes in population 

size due to fecundity variations would be seen.

The great difference in abrasive qualities in the soils 

of the bluff and plain could be the single factor that 

accounts for reduced lowland populations, since the 

lowland soils are of a much more abrasive type. The 

fluctuations of the population most closely resemble 

those of soil moisture at all plots except plot 3.

Of the chemical factors, phosphorous is the least 

likely to explain the reduced population on the lowland. 

The mean phosphorous levels at the two plain plots, 1 

and 4, are nearly twice the levels at the bluff plots,

2 and 3, as shown in table 5. Ho’ller-Land (1962), 

Wakerley (1963), and Choudhuri and Roy (1967) report 

that the populations of Collembola species which they 

have studied, fluctuate directly in proportion to the 

soil phosphorous content. Thus, some other factor is 

limiting the population size in spite of the favorable 

phosphorous level on the plain. At all plots, a trend 

of population fluctuation directly proportionally to 

the phosphorous levels can be seen in graphs 1
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through 4. Soil phosphorous is subject to leeching 

with rainfall. Therefore, soil moisture is closely 

associated with phosphorous levels. Some interaction, 

subsequent to this leeching, is seen as one of these 

factors over-riding the effect of another factor on 

population size. Collembola populations, as seen in 

graphs 1 through 4, at times show fluctuations which 

are directly proportional to soil phosphorous, or vice 

versa.

Calcium is a likely inhibitor, since no defini

tive report of its direct effect on Collembola popula

tions was found. In high concentrations, calcium 

could be a limiting factor out-weighing all of the 

favorable conditions. The calcium level was almost 

twice the level on the lowland than it was on the bluff. 

Choudhuri and Roy (1967) reported only an expected 

indirect effect of calcium and nitrogen content in shift

ing pH and influencing plant growth. Holler-Land (1962) 

found nitrogen to be suitable in only certain concentra

tions. In Fontenelle Forest, both the lowland and bluff 

plots have very low nitrate and ammonia levels in the 

top two inches of soil. The levels at these sites are 

not significantly different. The nitrogen concentration 

is apparently not a limiting factor in these areas.
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To resolve this point, calcium and nitrogen concentra

tions should be varied in separate laboratory cultures 

of Collembola. Even though calcium could apparently be 

a contributing factor in limiting the population size, 

the extent of the abrasive effect was not determined 

independently. Therefore, controlled laboratory studies 

should be conducted on these factors to elucidate the 

extent of their effect. Soil potassium was measured and 

found to be equal and constant at all plots. Soil pH 

was relatively stable at 6.8 and this is well within 

biotic tolerance ranges.

At plot 2, the mean population size of the 

Poduridae was 4.0 times as great as that of the 

Entomobryidae. This plot was comparatively unsheltered, 

subject to weathering, and devoid of litter and plant 

cover. This concurs with the fact that the Poduridae 

are more nearly eudaphic than the Entomobryidae, and that 

ground cover and shelter are limiting factors in the size 

of Entomobryidae populations.

Plot 3 was generally more habitable for all types 

of Collembolan life. The Poduridae population mean size 

was 2.3 and the Entomobryidae mean population size was 

3.7. This was presumably because of the sheltered 

location, thick leaf litter, and high organic content of 

the soil. Plot 3 did not have the highest soil moisture,
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phosphorous, calcium, or potassium content; however, 

the humus content was highest in this area, and the 

abrasive effect of soil particles on the Collembola 

cuticle was lowest at this plot. This again points out 

the necessity of expanding the study to make it statisti

cally more significant and to evaluate the environmental 

variables singly in controlled laboratory cultures.



VI. CONCLUSION

Availability of water to soil Collembola is the 

principle limiting factor of population size. The 

effect was measured in terms of soil moisture modulating 

the abrasive quality of the soil, in addition to water 

availability for absorption and other means of intake. 

Abrasion of the cuticle and the resultant exaggerated 

desiccation rate is the principle limiting factor in 

this study. Apparently, this aspect out-weighs 

temperature and all other factors. There is a trend 

of population fluctuation concomitant with phosphorous 

level fluctuations. However, a direct proportionality 

between phosphorous availability and population size 

is not proven. The leeching of phosphorous with 

rainfall complexes the water and phosphorous effects 

and obscures their individual effects. Calcium in 

high concentrations is also a limiting factor on 

population size. Nitrogen and potassium, in the 

levels present, have no apparent limiting effect 

on population size.



APPENDIX I

Si ne 11 a curvi seta 

Sensi terga i nfuscata 

Isotobryoi des ochraci us 

Beckerel1 a spp.

Isotomi ella spp.

Spini sotoma spp.

Achorutes macqi 11 i vra.yi 

Homi di a spp.

I sotoma tri spi nata 

Orchesel1 a hexfasciata 

Xenyl1 a qri sea 

Isotoma sepsibilis *

Smi nthuri des occultus 

Smi nthuri des 1epus

*Extremely variable in all collections

A list of some species identified



L I T E R A T U R E  C I T E D

Beament, J. W. L. The water proofing mechanism of
arthropods. The effect of temperature on cuticle 
permeability in terrestrial insects and ticks.
J. Exp. Biol. 36:391-422. 1959.

Bó'rner, C. Das System der Collembolen, nebst
Beschreibungen neuer Collembolen des Hamburger 
Naturhistorischen Museums. Mitt. Nat. His.
Mus. Hamburg, 23:147-188. 1906.

Die Familien der Collembolen. Zool .
Anz. 41:274-284. 1913.

Cancela Da Fonseca, J. P. and Nicole Poinsot et Guy 
Vannier. Essai comparatif sur les microarthro
pods et la taille des echantillons de sol.
Rev. Ecol. Biol. Sol. 3:331-355. 1967.

Choudhuri, D. K. Effect of soil structure on Collembola. 
Sci. and Cult. 27(10 ):494-495 . 1 961 a.

___________  Influence of temperature on the sex ratio
of Onychiurus imperfectus, Denis. Sci. and Cult. 
27(1):48-49. 1961b.

___________  Effect of humidity on survival of the
various phases of life of Onychiurus fimatus.
Proc. Nat. Acad. Sci. India, B33:539-541. ]963a.

___________  Temperature and its effect on three species
of genus Onychiurus-Collembola. Proc. Zool.
Soc. (Indial HTTO :97-1 1 7 . 1 963b.

___________  and S. Roy. Qualitative composition of
the Collembolen fauna of some uncultivated 
fields in Nadia district (West Bengal) with a 
correlation between monthly population and in
dividual soil factor. Rev. Ecol. Biol. Sol. 
3:507-515. 1967.

Christiansen, Kenneth. Bionomics of Collembola.
Ann. Rev. Entomol . 9:147-1 78. 1 964.



44

Col 1is-George , N. The physical environment of soil 
animals. Ecology. 40(4):550. 1959.

Davies, W. M. The effect of variation in relative 
humidity on certain species of Collembola.
J. Exp. Biol. 6:79-86. 1928.

Dowdeswell, W. H. Practical Animal Ecology. Methuen 
and Co. London , 1 959.

Dowdy, W. W. The influence of temperature on vertical 
migration of invertebrates inhabiting different 
soil types. Ecology. 25:449-460. 1944.

Studies on the ecology of mites and 
Collembola. Amer. Midland. Natur. 74(1):196- 
210. 1965.

Edney, E. B. The Water Relations of Terrestrial
Arthropods. Cambridge University Press, 1957.

Folsom, J. W. Economic importance of Collembola.
J. Econ. Ent. 26:934-939. 1933.

Guthrie, J. E. The Collembola of Minnesota. Rep.
Geol . Nat. Hist. Survey Minn. Zool. Ser.
4:1-110. 1903.

Hale, W. G. A flotation method for extracting
Collembola from organic soils. J. Animal Ecol. 
33(2):363-369. 1964.

and A. L. Smith. Scanning electron micro
scope studies of Cuticular structures in the 
Genus Onychiurus. Rev. Ecol. Biol. Sol.
3(3):343-354. 1966.

Holler-Land, Gisela. The dependence of soi1-inhabiting 
Collembola on fertilization and other local 
factors under conditions prevailing at Dekopshof. 
Monogr. Angew Entomol. 18. 80-120. 1962.

Jacot, A. P. Soil structure and soil biology.
Ecology 17:359-379. 1936.

Jenny, H., T. R. Nielsen, N. T. Coleman, and D. E. 
Williams. Concerning the measurement of pH, 
ion activities, and membrane potentials in 
colloidal systems. Science 112:164-167. 1950.



45

Knight, Clifford B. The Tomocerinae (Collembola)
in old field stands of North Carolina. Ecology 
42( 1 ) : 1 40-1 49 . 1 961.

___________  and J. Parker Chesson Jr. The effect of
DDT on the forest floor Collembola of a lobbolly 
pine stand. Rev. Ecol . Biol. Sol. 3( 1 ):1 29-1 39 . 
1 966.

___________  and Ruth Ann Angel, A Preliminary study of
the dietary requirements of Tomocerus (Collembola) 
Amer. Midland. Natur. 77( 2 ) : 51 0-51 7. 1 967.

Kooistra, G. Some data concerning the presence and
behavior of springtails on grass and white clover. 
Tijdschr, Planteziekten. 70(5):136-144. 1964.

Macfadyen, A. Soil arthropod sampling in Advances i n 
Ecological Research. J. B. Cragg, ed. V.I,
Adademic Press, New York. 1962.

Maynard, Elliot A. A Monograph of the Collembola on 
Springtail insects of New York State. Comstock 
Publishing Co. Ithaca, New York. 1951.

Mills, Harlow B. A Monograph of the Collembola of
Iowa. Iowa State College, The Collegiate Press, 
Ames, Iowa 1934.

Mukulski, J. and H. Wosiak, The influence of tempera
ture upon development of Hypogastrura manu bri ali s . 
Zeszyty Nauk. U.M.K. Torun, Poland Biol. 5:71- 
75. 1960.

Noble-Nesbitt, J. Transpiration in Podura aquatica L. 
(Collembola, Poduridae) on the wetting properties 
of its cuticle. J. Exp. Biol. 40:681-700. 1963.

Niiftez, Ovidio. Cytology of Col 1 embol a . Nature 1 94(4832): 
946-947. 1962.

Nutman, S. R. Function of the ventral tube in Onych i u rus 
armatus (Collembola). Nature. 148:168-169. 1941.

Rapoport, E. H. and M. Tschapek, Soil water and soil 
fauna. Rev. Ecol. Biol. Sol. 4(1 ) :l-58. 1 967.

Salmon J. T. An Index to the Col 1embola. Bull. Roy.
Soc. New Zealand 2~f7 ) : 1 -664 . 1 964.



46

Salt, G., F. S. J. Holleck, F. Raw, and M. V. Brain,
The arthropod population of pasture soil. J.
Animal Ecol. 17:139-150. 1948.

Scott, Harold G. Pictorial Key of the Nearctic species 
of Collembola. Annals of the Entomological 
Society of America 54( 1 ):1 04-1 1 3 . 1 9 6 1 .

Smith, Robert Leo, Ecol ogv and Field Biology. Harper 
and Row. New York. 1966.

Smith, Vera, Animal Communities of the deciduous
forest succession. Ecology 9:479-500. 1928.

Sweetman, H. L. Preliminary report on the physical 
ecology of certain Phyllophaga. (Scarabeidae, 
Coleóptera). Ecology. 12:401-422. 1931.

Vezina, Paul E. Methods of pH determination and
seasonal pH fluctuations in Quebec forest humus. 
Ecology. 46:752. 1965.

Wakerley, S. B. Effect of lime and phosphate on soil 
Collembola. Ann. App. Biol. 51:171-172. 1963.

Wallwork, John A. The distribution and dynamics of
some forest soil mites. Ecology. 40:557-563. 1959.


	Table of Contents
	Forward
	I. Introduction
	Background of the problem
	Classification of Collembola

	II. Statement of problem 
	III. Methods
	Seletion of Plots
	Description of Plots 
	Plot 1
	Plot 2
	Plot 3
	Plot 4

	Sampling
	Extracting apparatus
	The physcial environment

	IV. Raw data
	Biotic
	Abiotic
	Correlations

	V. Discussion
	IV. Conclusion
	Appendix I
	Literature Cited

