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Soil Factors on Invertebrate Populations
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ABSTRACT - This study was conducted in subirrigated and wetland sites of two sandhill crane
sanctuaries located in the Platte River Valley of Nebraska. The objectives of the study were to determine the effect of depth to water table, percentage soil moisture, percentage roots, percentage organic
matter, and soil texture upon number and biomass of soil macroinvertebrates.
Soil was removed from 209 25 x 25 cm quadrats to a depth of 7 cm, about the maximum depth
that cranes find invertebrates. All macroinverrebrates were removed and the soil analvzed for the
independent variables listed above. One hundred fony-four macroinvenebrates were foun'd per square
meter, weighing about 16 g dry weight. Most of the macroinvertebrates were earthworms (62%
of numbers) or Diptera larvae (23.5% of numbers).
Soils with a water table depth of 40 cm produced the greatest numbers and biomass of earthworms in the top 7 cm. More earthworms were found in soils with water tables shallower than 40
cm where the adjacent surface water was lotic, than in similar soils where the surface water was lentic, indicating that oxygen may be a limiting factor to earthworms in high water table sites. Soils
with a water table at the surface produced the greatest macroinsect biomass, reflecting the aquatic
to semiaquatic nature of Diptera larvae, which dominated the macroinsect fauna. The only highly
significant correlations found between independent and dependent factors studied were a positive
correlation between soil moisture and macroinsect biomass and numbers and a negative correlation
between depth to water and number of macroinsects.

The primary purpose of this research was to determine the relationship between depth to water table and earthworm and soil macroinsect populations.
This information may be important in managing sandhill and whooping crane
populations in Nebraska and other points along their flyway.
Sandhill cranes spend considerable time in the wetland habitat of pastures
along the Platte River in Nebraska during March and April. Here they feed
primarily on worms, insects, and snail shells (Anonymous 1981). Although soil
invertebrates constitute only about 4 % of sandhill crane diets, invertebrates are
an impo:tant part of their diet in that they provide protein and essential amino
acids (Anonymous 1981).
Depth to groundwater in the broad Platte River Valley fluctuates with the
level of water in the river. Many irrigation projects have been proposed that may
reduce wetland acreage and lower the water table along the Platte. No analysis
of the impact of lowering the water table on soil macroinvertebrate populations,
which are essential to cranes, has been made.
James (1982) stated that "The ecology of earthworms in natural grasslands
of the United States of America is virtually unknown." Few references to the
relationship between earthworm or soil macroinsect populations and water table
depth were found in the literature. Edwards and Lofty (1972) stated that, in
general, "terrestrial earthworms differ greatly in their affinity for and ability to
survive in flooded soil, ranging from semi-aquatic species to those that prefer
dry soiL Species that normally inhabit dry soil were able to survive from 31 to
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50 weeks in soil totally submerged beneath aerated water. Bur, ... in general,
most terrestrial species [of earthworms] leave flooded soil for drier sites ... ".
Carter et al. (1982) found that earthworm populations were greater in a
drained field than in an undrained field. Satchell (1955) found no relationship
between earthworm populations and the percentage moisture in the soil in grass
fields in England. However, moisture content between plots differed bur little.
Cranes feed on invertebrates on the surface as well as digging for them with
their beaks. Thus, only invertebrates on or near the surface are available to them.
The main hypothesis to be tested in this study was that earthworm populations
are affected by depth to water table. Earthworms in soil with high water tables
are driven to the surface of the soil by lack of oxygen and provide greater populations of available invertebrates for cranes to feed upon. Finding the optimum
depth of ground water for providing readily available animal food for cranes
should be useful for ecosystem models used to manage cranes.
METHODS
Sampling was done on Lillian Annette Rowe Sanctuary (owned by National
Audubon Society) located 13 km east and 3 km south of Kearney, NE, and on
Mormon Island Crane Meadows (owned by the Platte River Whooping Crane
Habitat Maintenance Trust) located 3 km northwest of Doniphan, NE. Both
of these areas are native riparian grasslands, managed for cranes and other wildlife.
Nagel and Kolstad (1987) give a description of the soils and vegetation of these
areas.
Sampling transects were located near surface water. These transects were
established at right angles to the edge of the water in wetlands and ran upslope
to higher elevation soil surfaces. Two-em-diameter cores were bored to 1-m depths
along the transects. Water was allowed to come to equilibrium depth and then
depth to water table was determined with a 0.32-cm diameter dowel rod. Water
table depths of 0-90 em, at lO-cm increments, were found, and these were used
to determine the location of sampling sites.
Nine transects were sampled at Rowe Sanctuary and 16 at Crane Meadows
during the period 25 March to 7 June 1985. Samples consisted of 25 X 25 em
square quadrats. Soil was extracted to a depth of 7 em (about as deep as a sandhill crane can dig with its beak) with a spade. Ten samples were to be taken
at each transect (0,10- 90 em deep water table). At several transects, some water
depths could not be found. A total of 209 samples were taken from the 25
transects. The soil removed was placed in a tub and the sad broken apart. Any
earthworms and other macroinvertebrates over 1 em long were removed from
the soil and placed in a 70% ethanol/water mixture.
A vertically stratified subsample of soil and roots from each sample was placed
in a zip-lock bag and used for soil analysis. Percentage soil moisture by weight
was determined gravimetrically by drying at lOO°C for 24 hI. Roots were removed
from the dried sample by sieving. Percentage roots in the soil was determined
for each sample (dry weight, lOO°C for 24 hr).
rexture was determined by the hydrometer method of Day (Brower and Zar
1977). Organic matter was determined on 5-g samples that had been heated
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at 200°C for 24 hr to remove all water. The dry sample was then placed in a
crucible and heated over a Bunsen burner until a uniform light color was present
in the sample.
Invertebrates were sorted into groups by apparent taxa, and representative
individuals identified. Earthworms were identified by Samuel James at Kansas
State University, Manhattan, KS. Invertebrates were dried at 100°C for 24 hr,
and dry weight was determined to the nearest 0.01 g per taxon per sample.
Multiple linear regressions were run using number and weight of insects,
earthworms, and all invertebrates as dependent variables. Percent water; percent roots; percent organic matter; percent sand, silt and clay; and depth to
water table were-independent variables. The Statistical Package for Social Sciences
(SPSS) multiple regression program was run on the Nebraska Computer Network (NECON) computer system.
RESULTS AND DISCUSSION
Means and standard deviations for all variables measured are given in Table
1. The soils sampled were mostly sandy loam textures with high organic matter
content. The combustion method of organic matter analysis results in somewhat
higher values due to loss of carbonates at high temperatures. However, these
native tall-grass prairies are high in organic matter and are very productive due
to the wetland or subirrigated moisture conditions.
These highly productive soils would be expected to support a large biomass
of earthworms. The mean dry biomass of 13.1 g/m squared (Table 1) is 3-8
times that found by James (1984) in the drier upland tall-grass prairie of eastern
Kansas. Almost all of the organisms collected were in the soil, with less than
1 % found on the surface.
Table 2 gives the percentage of total number of animals in each taxon found.
The earthworm genus Aporrectodea was the most abundant taxon found, making up almost half of the animals collected. This genus had at least two species

Table 1. Means and standard deviations of all variables analyzed (N

=

209).

Variable

Mean

Standard Deviation

Percentage roOtS
Percentage organic matter
Percentage water content
Percentage sand
Percentage silt
Percentage clay
Number of earthworms I m 2
Weight of earthworms (g/m 2 )
Number of macroinsects/m 2
Weight of macroinseets (g 1m 2 )
Wt of macroinvertebrates (gl m 2 )

0.85
6.55
57.63
57.75
24.76
17.57
91.04
13.12
48.48
3.36
16.48

0.81
4.17
45.41
17.87
10.73

9.27
145.76
25.26
152.8
7.84
26.88
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Table 2. Percentage of macroinvertebrates found for each taxon.
Percent of Total
Earthworms
Aporrectodea spp.
Diplocardia spp.
Etseniella sp.
Unidentified earthworms
Subrotal
Insects
Coleoptera larvae
Diptera larvae
Lepidoptera larvae
Hymenoptera
Subtotal
Other invertebrates
Isopods
Spiders
Subtotal
Total of macroinvertebrates

49.0
0.9
8.8
3.9
62.6
10.2
23.5
2.0
0.4

36.1
0.9
0.1
1.0

99.7

represented, probably A. turgida and maybe A. tuberculata. (This complex of
species was previously known as Allolobophora caliginosa. ) These relatively large
worms of the family Lumbricidae were native to Europe (Samuel]ames, Kansas
State Unviersity, pers. commun.).
The next most abundant earthworm found was Eiseniella tetraedra, a small
lumbricid said to like wet habitats (Samuel]ames, Kansas State University, pers.
comm.). A few native Diplocardia species were also found (Family
Acanthodrilidae).
Of the macroinsects, only Diptera and Coleoptera larvae were abundant.
Snail shells, also part of the sandhill crane diet (Anonymous 1981), were not
included in the analysis. However, they were collected and counted. Snail shells
were found in only 11 quadrats (5% of samples).
Effect of Independent Factors on Animal Populations
Edwards and Lofty (1972) stated that earthworms prefer soil that had 15 to
34 % water when the soil texture was sandy. In this study, water content averaged 57% (Table 1), well above the optimum cited, but ranged from as low
as 13 % in bare sand to well over 100% where there was much organic matter.
Insects differed from earthworms in their relationship to water: earthworms were
negatively correlated with water fOntent (r = -0.11 NS), but insects showed a
positive correlation (r = +0.23 to +0.31; P < 0.01, Table 3). The positive
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Table 3. Product moment correlation matrix for all variables studied.
DEPENDENT

Independent Variable

N

Weight of
earthworms
(g/625 cm 2 )

Number of
macroinsects /
625 cm 2

Weight of macrolOsects
(g/625 cm 2)

Weight of macrolOvertegrates
(g/625 cm 2 )

Depth to water (em)

0.15234*

0.07957

-0.19471 **

-0.06376

0.05570

Percentage roots

0.08472

-0.04055

0.13815*

0.09282

-0.01072

Percentage organic matter

0.00854

-0.01472

0.01504

0.00224

-0.01307

Percentage water content

-0.10896

-0.11 557

0.30612**

0.227822**

-0.04144

Percentage sand

-0.09135

0.00060

-0.11154

-0.03197

-0.00883

Percentage silt

0.03020

-0.04251

0.06673

-0.02122

-0.04640

Percentage clay

0.13684

0.04904

0.13602

0.09185

0.07335

*p
**p

V\
V\

Number of
earthworms/
625 cm 2

VARIABLES

=
=

0.05
0.01

!

correlation shown between insects and water content was probably due ro the
domination of the insect fauna by crane flies and deer flies, most of which are
aquatic to semi-aquatic as larvae.
The correlation of depth to water table was positive with earthworm numbers
(P < 0.05) and negative with numbers of insects (P < 0.01). Figures 1 and
2 show the relationship between water table depth and weight of earthworms
and insects for all samples. Figure 1 shows that earthworms preferred a water
table depth of 40 em. Our interpretation is that for the earthworm species present,
40 em depth to water table provided for adequate productivity of plants due
to the subirrigated conditions, yet allowed enough aerated soil above the saturated
soil to allow optimum moisture conditions in the top 7 em of soil. Given the
clay and organic matter content of these soils (Table 1), it would seem probable
that most of these soils with a water table no more than 40 em down would
be at or near field capacity to the surface (Moore 1939 and Ahuja et al. 1985).
Apparently, the main reason that earthworms do not inhabit soil to a greater
extent at higher water tables than 40 em deep is lack of oxygen in saturated
soil. When we separated out sites where water was running rather than standing, there were significantly more earthworms in the top 7 em of soil where the
water table was 0, 10, and 20 em deep near the rurining water (mean near running water = 3.2 g per sample vs. 1.0 g per sample near stagnant water, P <
0.001, d.f. = 24). Thus sampling sites near aerated running water provide a
more productive site for earthworms than still water, which probably produce
anaerobic conditions in the surface soil.
The relationship between insects and water table depth (Fig. 2) was
dominated by Diptera larvae, which preferred saturated or nearly saturated conditions. Thus, for insects, water table at the surface of the soil produced the
highest populations.
Surprisingly, both percent roots and percent organic matter produced no
significant correlations with any of the invertebrate parameters. Apparently, there
was adequate food supply in most of the Platte River riparian soils, and it was
not a limiting factor. Both bf these variables would tend to increase water held
at the surface of the soil, and in this habitat where water was in surplus for terrestrial invertebrates, increased amounts of roots or organic matter may actually
be detrimental ro invertebrate populations.
Soil texture also did not produce any significant correlations with invertebrate
variables. Edwards and Lofty (1972) stated that there have been few studies on
effects of texture on earthworm populations. However, it is widely assumed that
loam soils have higher populations than either clay or sand soils (Edwards and
Lofty 1972).
From the results found, we conclude that sites along the Platte River with
a water table 40 em deep (or less if running water is at the surface) provide maximum earthworm populations near the surface of the soil, where cranes can feed
upon them. Saturated soil produced maximum soil macroinsect biomass in the
top 7 em of soil. Since earthworms provided about 80% of the total macroinvertebrate biomass in the top 7 em of soil, management should probably be
focused on them, rather than upon insects.
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Figure 1. Relationship between water table depth and weight of earthworms
in the top 7 em of soil.
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Figure 2. Relationship between water table depth and weight of maeroinseets
in the top 7 em of soil.
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