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ABSTRACT 

The influence of wetland wastewater treatment on 

resident fauna is generally unknown. The effect of 

secondarily-treated domestic wastewater on the terrestrial 

fauna or the Drummond Bog in northwestern Wisconsin was 

investigated during April 1979 through September 1980. 

Species composition and relative abundance of mammals, 

birds, reptiles, amphibians, and terrestrial invertebrates 

were determined for sewage-treated and un-treated portions 

of a sphagnum bog, a downstream sedge meadow, and the 

northern hardwood uplands adjacent to these areas. 

Drummond Bog fauna vas generally typical of a Great 

Lakes State bog wildlife community. Thirty mammal species 

occurred on the study area; 14 on the bog. The masked 

shrew (Sorex cinereus) and southern red-backed vole 

(Clethrionomys gapperi) were the most common species on 

the bog representing 59.8 and 33.8 %, respectively of 

snap trap captures. One-hundred eleven bird species were 

observed on the study area; 55 on the bog. The 

white-throated sparrow (Zonotrichia albicollis) and her.mit 

thrush (Catharus guttatus) were the most common bog species, 

each representing 17% of mist net captures. TWenty-one 

species of reptiles and mnphibians were present on the 

study area; 10 on the bog. The wood frog (~ sylvatica) 

and eastern American toad (Bufo americanus) were the most .......... 

common~epresenting 43 and 40 %, respectively of drift 

fence captures. Seventy-six families of terrestrial 

lli 



invertebrates in 17 orders were present on the bog. 

Spiders and true bugs accounted for 32.3 and 22.3 ~~ 

respectively of sweep net captures. 

There were no short-term changes in fa~al 

composition, abundance, or diversity that could be 

attributed to the presence of sewage on the Drummond 

Bog. 
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INTRODUCTION 

An experimental wastewater treatment facility at 

Drummond, Wisconsin uses the assimilative capacity of an 

ombrotrophic peat bog for tertiary treatment of domestic 

sewage effluent. In theory, the bog's physical, chemical, 

and biological processes should reduce effluent nutrients 

and suspended solids to acceptable discharge levels without 

deleterious effects to the bog ecosystem. 

Recent reviews have reported the potential of natural 

and artificial wetlands to purify wastewater {Farnham and 

Boelter 1976, Sloey et al. 1978, Kadlec and Tilton 1979); 

however, the effect of this type of treatment on wetland 

fauna is relatively unknown. 

Faunal response to wetland sewage application has 

been variable. Species diversity of microarthropods was 

similar between sewage-treated and untreated cypress domes 

{McMahan and Davis 1978). Species diversity 

of benthic organisms decreased in sewage-treated cypress 

domes (Brightman and Fox 1976). Bird diversity was higher 

in a sewage-treated cypress dome than in a dry dome 

(Ramsay 1978). Structural and functional changes occurred 

in the food chain of a sewage-treated cypress dome (Jetter 

and Harris 1976). Amphipo•s, tubificids, and spiders were 

captured more frequently and collembollans less frequently 

in a sewage-treated North Carolina Spartina marsh than in 

a control marsh (McMahan 1972 , McMahan et a1. 1972). 

Zooplankton, nekton, and benthos diversity decreased after 

treated sewage was added to a Canadian swamp (Hartland-Rowe 
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and W~ight 1975). Rabe (1979 and pers. comm.) ~epo~ted 

no changes in msmmal, bird, o~ te~restrial insect populations 

that could be attributed to the presence of sewage on a 

no~the~n Michigan marsh. Ruhl et al.(l981), studying the 

same ma~sh afte~ 3 ye~s of sewage addition, captu~ed 

meadow voles only in trap grids that were close (15 m) to 

the sewage outflow pipe; however, to,tal small mammal captures 

did not vary with distance from the sewage outflow pipe. 

They also found simil~ bird populations at va~ying 

distances from the pipe. No published studies have 

evaluated the effects of sewage application on an 

omb~otrophic bog wildlife community. 

The primary objective of this study was to determine 

the short-term impacts of wetland sewage treatment on the 

fauna of the Drummond Bog. This objective was accomplished 

by determining the composition and relative abundance of 

mammals, birds, reptiles, amphibians, and terrest~ial 

inverteb~ates du~ing the fi~st 2 yea~s of effluent ',. 

application. These data will,also p~ovide a base fo~ 

evaluating long-term impacts of this sewage system. 

This ~ese~ch was p~t of an impact analysis of the 

D~ond site which included studies on: 1) water budget 

(Ilhardt et al. in press), 2) wate~ chemistry (Mechenich 

1980, Shaw e~ 8.1._. in press), 3) chemical uptake of peat 

(Mechenich and Shaw in p~ess), 4> foliar and peat nut~ient 

analysis (Wikum and Ond~s in press), 5) vegetative 

composition (Guntenspe~gen and stea~ns in p~ess), 

6) terrest~ial fauna (Kent and Ande~son in p~ess), and 

7) biological and chemical characteristics of Weso Lake 
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(Reinecke ·1981 and ReineDke in pres•-). A synthesis of 

these investigations is currently being published by the 

u.s. Fish and Wildlife Service. This report will provide 

the information necessary to evaluate the feasibility of 

using an ombrotrophic bog for tertiary treatment of 

sewage as well as adding to an understanding of the dynamics 

of this wetland type. 

Nomenclature of mammals, birds, reptiles and amphibians, 

terrestrial invertebrates, and plants confor.ms to Jones 

et al. (1979), A.o.u. Committee on Classification and 

Nomenclature (1982), Collins et al. (1982), Borror et al. 

(1976), and Gleason and Cronquist (1963), respectively. 

Scientific names for mammals, birds, and herpetofauna are 

given in Appencices A, B, and c, respectively. 

study Area 

The town of Drummond (Section 28, T 45 N, R T W, 

Bayfield County) is a community of about 280 residents 

within the Chequamegon National Forest of northwestern 

Wisconsin, approximately 113 km southeast of Duluth, 

Minnesota. 

Drummond lies within the ground moraine of the 

Valderan Substage of the Wisconsin Glacier. Precambrian 

sandstone and igneous bedrock is covered with thick 

deposits of clayey till and stratified sand and gravel 

that forms a knob and kettle topograph;y (Young and 

Skinner 1974). Wetlands are common in the kettles and 

other low lying areas. 
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The Drummond Bog ~ills a kettle depression o~ about 

8.3 ha, and is a part o~ a 15 ha watershed. Spaulding 

peat (Ableiter and Hole 1961) depths range ~rom 1.0 to 4.5 
m within the bog. The water table is perched above 

regional groundwater and sealed by a liner o~ impermeable 

clay (Kappel 1979). A small stream drains the bog and 

enters a northern sedge meadow at the south end o~ Weso 

Lake, the outlet o~ which ~lows intermittently to the 

Long Lake Branch o~ the White River (Fig. 1). 

Uplands on the study area are characterized by very 

stony, medium-textured loam and sandy loam soils o~ the 

Gogebic-Adolph association (Ableiter and Hole 1961). 

southern Bay~ield County has a humid, continental 

climate with a mean annual temperature o~ 5 C, and an 

annual precipitation o~ 78 em. 

Five vegetative cover types were present on the 

Drummond study area: sphagnum bog (SB), northern hardwood 

(NH), northern sedge meadow (SM), open water (OW), and 

grassland (GR) (Figo 2). 

Vegetation o~ the SB is typical for an ombrotrophic 

bog (Boelter and Verry 1977). Black spruce (Picea mariana) 

is the dominant tree species with scattered tamarack 

(Larix laricina) also present. Shrubs are mostly 

erioaceous and include leatherleaf (Chamaedaphne calyculata), 

Labrador tea (Ledum groenlandicum), bog rosemary (Andromeda 

glaucophzlla), and bog laurel (Kalmia poli~olia); sph~um 

mosses (Sph!Snum spp.) dominate the ground cover. A small 

(<1 ha) treeless area in the center of the SB is composed 
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of sphagnum mosses, sedges (Carex spp.), cotton grass 

(EriEhorum spissum), and ericaceous shrubs. 

The NH is composed of balsam fir (Abies balsam.ea), 

and old second growth northern hardwoods, including sugar 

maple ( Acer saccharum), northern red oak (Quercus borealis), - ------------
and paper birch (Betula papyrifera). Large-leaved aster 

(Aster macrophyllus) and braken fern (Pteridium aquilinum) 

are common ground species. 

The SM is made up of sedges, cat-tail (Typha spp.1, 

sphagnum mosses, and leatherleaf. The OW areas include 

Weso Lake and the sewage lagoons. Weso Lake is a 2 ha, 

ion poor, acid lake. The sewaga.Hlagoons were originally 

filled with alkaline lake water to dilute the sewage. 

The GR includes the access road which surrounds the sewage 

lagoons, their grass banks, and a corridor of grasses 

from the lagoon outlet to the bog. 

Operation of the Bog Irrigation System 

The Drummond wastewater treatment system (Fig. 1) 

uses 1 primary and 2 secondary treatment sewage lagoons 

with a combined capacity of 9.5 x 104 m3. The secondarily 

treated wastewater is spread across the surface of a bog 

by means of a gated irrigation pipe. Effluent is applied 

to the bog in approximently_ 380 m3 increments during 

ice-free periods. The bog flora and peat provide tertiary 

treatment by filtering out suspended solids and nutrients. 

Discharge of effluent to the bog began in June 1979. 

Ef'fluent discllarge to the bog in 1979 and 1980 was 8350 m3 

and 5049 m3, respectively. 



METHODS 

The SB was divided into a sewage-affected or treatment 

area {T) which was down-gradient from the sewage outflow 

pipe, and a sewage-free or control area (C) which was 

up-gradient from the pipe {Fig. 2}. 

Mammals 

Species composition and relative abundance of m~als 

on the Drummond study area were .determined with snap traps, 

livetraps, drift fences (Vogt and Hine 1982}, by direct 

observation, and frem field sign. 

Snap trapping was conducted during spring (27 May-

12 June 1979 and 26 May - 11 June 1980) and fall 

( 26 September - 2 Octolter 1979 and 19 September -

26 SeptemDer 1980) for 15,300 trap nights. The SB (T and 

C areas), NH, and SM were trapped simultaneously (Fig. 3). 

Trap stations (3 traps/station) were apaced 11 m apart 

along 100 m transects. Snap traps were baited with a 

mixture ot peanut butter, oatmeal, raisins, and bacon 

grease. Traps were checked,and captured animals removed 

daily. A capture index (number captured/100 trap nights) 

was calculated using a correction factor for sprung traps 

including those traps which captured an animal (Nelson 

and Clark 1973). 

Live trapping was conducted during 16 - 29 June and 

5 - 18 August 1980 (140 trap nights) in the T and C areas 

with collapsible, double-door (23 x 23 x 81 em) traps made 

8 
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of 2.5 x 2.5 em galvanized fabric {National Live Trap Co., 

Tomahawk, Wisconsin); a wooden baffle was added above the 

trap treadle to increase trap effectiveness {Keith et al. 

1968). Traps were baited with clover, placed on snowshoe 

hare runways, and visited daily. Captured hares were 

ear-tattooed and released at the capture site. 

Drift fence trapping was conducted during 5 periods 

in 1979 {27 May- 21 June, 23 - 28 August, 6 - 11 

September, 18 September - 3 October, and 7 - 9 October) 

and 4 periods in 1980 (26 May- 12 June, 23 June - 10 July, 

5 - 27 August, and 19 - 27 September) for 484 drift-renee 

days. The NH and SM were trapped simultaneously (Fig. 3). 

The NH drift fences were placed parallel to, and within 

20 m of the SB edge, to capture animals traveling between 

those cover types. Each ~0-m drift fence (aluminum valley 

flashing) was equipped with a 30 x 30 x 60 em hardware 

cloth funnel trap similar-to that described by Imler (1945), 

and 8 pit traps (4 18.9-L; 4 7.6-L with plastic funnel 

rims), deployed in a design capable or capturing all major 

groups of reptiles and amphibians (Vogt and Hine 1982). 

Three em of water was maintained in each pit trap to drown 

small mammals and prevent dessication of amphibians. 

Traps were visited daily. A drift fence capture index 

(number captured/drift-fence day) was calculated (Karns 1979). 
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Birds 

Bird species composition and relative abundance on 

the Drummond study area were~ .. determined by mist net 

trapping, identification of breeding calls, and direct 

observation. 

Mist netting was conducted for 754 net hours during 

a period when migrant individuals were not likely to be 

present (17 July - 1 August 1979 and 17 July- 6 August 

1980). The T and C areas of the SB were netted on 

alternate days when weather conditions conformed to those 

described by Karr (1979). Twenty 1 x 12m mist-net lanes 

were cleared of vegetation in the SB (Fig. 3). Shaded 

areas were chosen to increase netting success (Karr 1979). 

Four shelf, 1 x 12m, 32 mm mesh, black nylon mist nets 

were utilized. Nets were visited every hour during 

sampling periods and captured birds were banded with 

u.s. Fish and Wildlife Service aluminum leg bands and 

released at the capture site. · A mist net capture index 

(number captured/100 mist net hours) was calculated. 

Nests that were discovered incidental to other 

research were monitored through fledging period. 

Reptiles and Amphibians 

Herpetofaunal species composition and relative 

abundance on the study area were determined by drift 

fence trapping, artificial cover trapping. (Taub 1961), 

identification of calling anurans, and direct observation. 
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Drift fence sampling was conducted concurrently with 

mammal drift fence sampling as described above. 

Artificial cover (91 x 91 em asphalt roQfing pape~) 

was placed on the SB in an attempt to attract snakes 

{ Taub 1961). Cover traps were moni tered from 23 July -

4 October 1979 and 24 May - 26 August 1980 (1,470 trap 

nights). 

Amphibians, snakes, and turtles were toe-clipped 

(Martof 1953), acute-clipped (Spellerberg 1977), and 

carapace-notched (Cagle 1939), respectively, and released 

at the capture site. Drift fence captures were released 

1-2 m away on the side of the fence opposite their capture. 

Terrestrial Invertebrates 

Family composition, relative abundance, and biomass 

of terrestrial invertebrates on the SB were determined by 

sweep netting and vacuum sampling. 

sweep netting was conducted on 13 and 24 June, 10 

and 29 July, 30 August, and 9 October in 1979 and 9 June, 

7 and 26 July, 6 and 14 August, and 24 September in 1980. 

One-hundred sweeps (30.5 em diameter net, 1.5 m stroke) 

were made on each of 2 T and 2 C plots (Fig.J) 

Vacuum sampling was conducted on 24 June, 10 and 29 

July, and 30 August in 1979 and 7 and 26 July, and 6 and 

14 August in 1980. Eight samples were collected adjacent 

to each sweep net plot on each sample date. The vacuum 

sampler cage consisted of a o.5-m3 wooden frame with 

nylon screen on 3 sides and the top, muslin cloth on 1 
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side, and an open bottom. The cage was positioned by 

dropping it from 1 m above the sample site. The nozzle 

of a portable vacuum cleaner (Bon-aire Industries, Inc., 

Signal Bill, California) powered by a 12 v battery was 

inserted through a hole in the muslin cloth. All 

vegetation within the enclosure was vacuumed twice and 

visible invertebrates within the trap were actively 

pursued with the vacuum cleaner. 

Invertebrate sampling was conducted during 1300 -

1500 h on days that were warm (23-36 C), calm (wind< 

4.8 lanph), clear (cloud cover< 30~) and with a relative 

humidity of 40-6~. Sample specimens were killed with 

ethyl acetate, separated from vegetation, stored in 70~ 

alcohol, sorted to family, oven dried (85 C for 24 h), 

and weighed to the nearest 0.1 mg. Individuals that I 

could not identity to the family taxa were placed in the 

next higher taxonomic group (i.e., superfamily, suborder, 

or order). 

Statistical Analysis 

Mammal snap trap capture data and invertebrate 

capture and biomass data were compared between T and C 

sites by year with paired ~-tests (Ryaa et al. 1976). 

Bird capture data were compared between T and C sites by 

year and reptile and amphibian capture data between years 

by cover type with pooled ~-tests (Ryan et aJ.. 1976). 
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The Sh~on-Weaver diversity index (! 1 ) (Pielou 1966) 

was calculated for mammal and bird species, and invertebrate 

families for comparison between the T and C sites by years. 

~his index was also used to compare herpetofaunal species 

diversity between years by cover type. 

RESULTS AND DISCUSSION 

. Mammals 

The application of sewage to the bog during the first 

2 years did not adversely aff'ect small mammal diversity 

or relative abundance. Species diversity was similar 

between the T and C sites within each year (Table 1). 

Relative abundmQce was similar (P>0.05) between the T -
and C sites for 8 of 9 small mammal species and for all 

species combined in 1979 and 1980 (Table 1). Significantly 

more <t~0.05) southern red-backed voles were captured on 

the C than on the T in 1980, however, vole populations 

increased that year on both the T and C sites (T 1979 : 

0.84. red-backed voles captured/100 trap nights, 1980 = 
1.36 ; C 1979 = 1.05, 1980 = 2.41). Similarly, no changes 

in small mammal relative abundance were reported that 

could be attributed to the presence of sewage in a northern 

Michigan marsh {Rabe 1979 and pers. comm.). However, 

after 3 years of sewage addition to the same marsh, Ruhl 

et al. (1981) caught meadow voles only at grids that were 

close (15 m) to the sewage outflow pipe; they suggest that 

an increase in grasses and sedges ( i•••:. preferr.ed·-·rmeadow 

vole f'orage~ :Rear t·he pipe., was respoll.jlible. 



~ -;; c .. ,'tvt'~ \ IA.l~x 
Table 1. Mammal relative abundance (number captured/100 snap trap 

nights) on the treatment (T) and control (C) areas of the Drummond 

Bog during 1979 and 1980. 

1979 1980 

Species T c T c 

Masked shrew 2.53 (36)a l.t:l3 ( 26) 2.51 (35) 3ol4 (43) 

Southern red-backed vole o.84 < 12) 1.05 (15) 1.36 (19) 2.41 (33)b 

Meadow jumping mouse 0.07 (1) o.oo (0) 0.14 (2) 0.07 ( 1) 

Meadow vole o.oo (0) 0.21 (3) o.oo (0) o.oo (O) 

Southern bog lemming 0.14 (2) o.oo (O) o.oo (O) o.oo (0) 

Pygmy shrew o.oo (0) o.oo (0) 0.07 (1) 0.07 (1) 

Short-tailed shrew o.oo ( 0) o.oo (O) o.oo (0) 0.07 ( 1) 

Snowshoe hare o.oo (O) 0.14 (2) o.oo ( 0) o.oo (0) 

Red squirrel o.oo ( 0) 0.07 (1) o.oo (0) o.oo (0) 

Total 3.58 (51) 3.30 (47) 4-09 (57) 5. 77 ( 79) 

Species diversity (.!!I ) 0.34 0.47 0.37 0.38 

a (!f) .. 

b Significant difference between treatment and control (~<0.05). 
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The presence ot ·sewage effluent did not influence 

snowshoe hare distribution in the SB cover type. Seventeen 

snowshoe hares and 3 striped skunks were live trapped in 

1980 in the SB eov-er type. Relative abundanee was similar 

between the T and C sites: snowshoe hare T : 11.36 

captured/100 trap nights, C : 13.46; striped skunk T = 
2.21, c = 1.92. 

Thirty species of mammals were present on the study 

area from April 1979 through September 1980 as determined 

from all mammal inventory techniques (Table 2). The 

greatest species composition was present in the NH cover 

type (28 species). The SM, SB, and OW contained 15, 14, 

and 3 species,reapectively. None of the mammal species 

were associated solely with the SB cover type. 

Small mammals or the Drummond Bog were typical for 

a peatland. Nine species were snap trapped in the SB 

(Table 1). Seven of these 9 species were reported in a 

Minnesota black spruce - tamarack peatland (Nordquist 

pers. comm.). Meadow jumping mice and short-tailed 

shrews, not present in the Minnesota peatland, were 

residents of the Drummond Bog. Arctic shrews, captured 

in the Minnesota peatland, were only captured in the NH 

and SM cover types in Drummond (Table 3). Arctic shrews 

may have been present in the SB in Drummond but remained 

undetected due to the lack of drift fence sampling (i.e., 

pitfall traps) in this cover type. Pit traps are more 

efficient at capturing shrews than are snap traps 

(Brown 1967). Masked shrews and southern red-backed 
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Table 2. Mammal species and associated cover types on 

the Drummond study area trom April 1979 through 

September 1980. 

Cover type8 

Species SB HH SM OW 

Insectivore 
xP Masked shrew X X 

Arctic shrew X X 
Water shrew X X 
Pygmy shrew X X X 
Short-tailed shrew X X X 
Star-nosed :mole X X 

Chir~tera 
Bat X X 

Lagomorpha 
snowshoe hare X X 

Rodentia 
Eastern chipmunk X 
Woodchuck X 
Red squirrel X X 
GraY' squirrel X 
Deer mouse X X 
Meadow vole X X X 
Southern· red-backed vole X X X 
Southern bog lemming X X X 
Muskrat X 
Meadow jumping mouse X X X 
Woodland jumping mouse X .X 
Porcupine X X 

Carnivora 
CoJ'ote X 
Red tox X 
Black bear X 
Raccoon X 
Ermine X 
Mink X 
Fisher .X 
River otter X X X X 
Striped skunk X X X 

ArtiodactTl a 
White-tailed deer X X X 

a SB : sphagnum bog, NH = northern hardwood, SM: 

northern sedge meadow, OW = open water. 

b Present. 

c Species undetermined. 
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Table 3. Mammal relative abundance (number captured/100 snap trap 

nights and number captured/drift fence day) in 2 cover types on 

the Drummond study area during 1979 and 1980. 

Cover typea 

llH SM 

Species STb DFb ST 

Masked shrew o.87 (60)c 0.90 (328) 1.69 ( 24> 

Southern red-backed vole 1.38 (95) 0.)1 (114) 0.99 (14) 

Meadow jumping mouse o.1o (7) 0.20 (75) 0.64 (9) 

Deer mouse 2.10 (145) Oo17 (61) 0.21 (3) 

Meadow vole o.o1 (1) 0.03 (ll) 0.92 (13) 

Short-tailed shrew 0.16 (ll) o.o5 (18) o.2l (3) 

Pygm7 shrew o.oo (O) Oo07 <24> o.oo (0) 

Woodland jumping mouse · o.o1 (1) o.o5 (19) o.oo (O) 

Southern bog lemming o.oo ( 0) o.o3 (12) o.oo (0) 

Water shrew o.oo (0) o.o1 <4> o.oo (0) 

.Arctic shrew o.oo (0) o.o1 (3) o.oo (0) ·-
Star-nosed mole o.oo (0) 0.003 (1) o.oo (0) 

Eastern chipmunk o.o6 (4) o.oo (O) o.oo ( O) 

Snowshoe hare o.oo (0) o.o1 (3) o.oo {0) 

Red squirrel o.oo (0) o.o1 ( 2) o.oo (O) 

Ermine o.oo (0) o.o1 ( 2) o.oo {0) 

Total 4.69 (324) 1.85 (677) 4.67 (66) 

a IJH :. northern hardwoods, SM = northern sedge meadow. 

DF 

Oo93 (114) 

0.16 (20) 

lo04 (127) 

0.02 (3) 

0.)1 (38) 

0.02 (2) 

o.o6 (7) 

o.o3 <4> 

0.07 (9) 

o.o3 <4> 

0.02 (3) 

o.o4 <5> 
0.02 ( 2) 

o.oo (0) 

o.oo (O) 

o.oo (0) 

2. 77 (338) 

b ST • snap trap relative abundance, DF·= drift fence relative abundance. 

c (H) -· 
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voles were the most common m~als in the SB cover type 

representing 59.8 and 33.8 ~ ot snap trap captures, 

respectively. These 2 species were also the most 

characteristic small mammals of a Minnesota peatland 

(Nordquist pers. comm.). 

Sixteen and 13 species of mammals were captured with 

drift fences and snap traps in the NH and SM, 

respectively (Table 3). The masked shrew, southern 

red-backed vole, and deer mouse were the most common 

m~als in the NH accounting tor 38.8, 20.9, and 20.6 ~' 

respectively of all NH captures. The masked shrew and 

meadow jumping mouse were the most common SM species 

representing 34.2 and 33.7 %, respectively of all SM 

captures. The southe~ red-backed vole and deer mouse 

were more abundant in the NH than the SM and the meadow 

jumping mouse and meadow vole showed a preference tor 

the SM cover type. 

Birds 

The presence of sewage effluent did not affect avian 

diversity or relative abundance. Species diversity was 

similar between T and C sites within each year (Table 4). 
In contrast, higher avian diversity was reported on a 

sewage-treated cypress dome than on a dry control dome 

(Ramsay 1978), however, it was unclear whether this 

difference was the result of sewage addition or the 

presence of water. The latter may have added to the 

structural complexity of the sewage-treated dome. 



20 

Table ~. Avian relative abundance (number captured/100 mist net hours) 

on the treatment (T) and control (C) areas of the Drummond Bog during 

1979 and 1980. 

1979 1980 

Species T c T c 

White-throated sparrow 2.11 (~)a 1.05 ( 2) 3o73 (7) 1.61 (3) 

Bermi t thrush 1.$8 (3} o.oo (O} ~.26 (8} 2.68 (5} 

Ovenbird 0.$3 (1) 1.05 ( 2} 1.07 ( 2} 2.15 <4> 

Yellow-rumped warbler o.oo (0) 0.$2 (1) 1.07 ( 2) 2.15 <4> 

Yellow-bellied flycatcher o.oo (0) 1.$7 (3) o.53 (1) 1.61 (3) 

Kashville warbler 0.$3 (1) 0.$2 (1) 1.07 ( 2) 1.07 (2} 

Black-capped chickadee o.oo (0) o.oo (0} 0.53 (1) 2.15 <4> 

Red-breasted nuthatch o.oo (0) o.oo (0) o.oo (O) 1.61 (3) 

Brown creeper 0.$3 (1) o.oo (0) o.oo (0) 1.07 (2) 

American robin 0.$3 (1) 1.05 (2) o.oo (0) o.oo (O) 

Veery o.oo (0) o.oo (0) o.53 (1) o.5~ (1) 

Swainson 1 s thrush o.oo (0) o.oo (0) o.53 (1) o.54 (1} 

Yellow-bellied sapsucker o.oo (0) 0.$2 (1) o.oo (0} o.5~ (1} 

Undetermined species o.oo (0) o.oo (0} Oo53 (1} Oo54 (1) 

Other speciesb o.oo (0) 1.05 ( 2} 2.66 (5) 2.68 (5) 

Total 5.81 (11) 7o33 (14) 16.52 (31) 20.93 (39} 

Species diversity (H') o.69 0.90 0.91 1.22 

a (K) -· 
b . 

Single captures include: Black-billed cuckoo, Sharp-shinned hawk, 

Cedar waxwing, American goldfinch, Northern flicker, Northern saw-whet 

Owl, Evening p;rosbeak, Black-and-white warbler; Chipping sparrow, 

Hairy woodpecker, Winter wren, and Purple finch. 
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Relative abundance was similar (t>0.05) between T and C 

sites for each of 25 species and for all species combined 

in 1979 and 1980 (Table 4>• Similarly, avian relative 

abundanee was similar at different distances from the 

sewage outflow pipe in a northern Michigan marsh (Rabe 

1979, Ruhl et al. 1981). 

One-hundred eleven species of birds were detected on 

the study area from April 1979 through September 1980 

(Table 5). One species, the bald eagle, is on the 

Wisconsin endangered and the Federal threatened list. 

Fifty-five species were observed in the SB, more than 

other c9ver types. The NH, OW, GR, and SM were used by 

43, 25, 16, and 9 species, respectively. The relatively 

higher number of species encountered on the SB may reflect 

the more intensive research effort in that cover·. type. 

Ten bird nests were located on the study area in 1979 

and 1980 (Table 6). 

The avi.f auna of the Drummond Bog is generally typical 

for a North American peatland. TWenty-five species of 

birds were captured during the nesting and brood rearing 

periods of 1979 and 1980 (Table 4>• Brewer (1967), in 

his review of bird populations in the bogs of eastern 

North America, listed 41 species which occur in spruce 

forest habitat, which included black spruce - tamarack 

mixed forest; of these, 18 were captured on the 

Drummond Bog and another 15 were observed on the entire 

study area. The ovenbird and American robin, captured 

in Drummond, were not listed by Brewer as spruce forest 
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Table 5. Bird species and associated cover types on the 

Dru!lliilond study area from April 1979 through September 19tl0. 

cover type a 

Species SB SM NH ow GR 

Gaviiformes 
xb Co!lliilon loon 

Podicipediformes 
Pied-billed grebe X 

Ciconiiformes 
Great blue heron X 
Green-backed heron X 
American bittern X 

Anseriformes 
Mallard X X 
Gadwall X 
Blue-winged teal X 
American wigeon X 
Northern shoveler X 
Wood duck X 
Ring-necked duck X 
Lesser scaup X 
Common goldeneye X 
Bufflehead X 
Hooded merganser X 

Falconiformes 
Northern goshawk X 
Sharp-shinned hawk X X 
Red-tailed hawk X 
Broad-winged hawk X X 
Bald eagle X 
Northern harrier X 
American kestrel X 

Galliformes 
Ruffed grouse X X 

Gruiformes 
Sora X 
American coot X 

Charadriiformes 
Killdeer X 
American woodcock X 
Common snipe X 
Upland sandpiper X 
Spotted sandpiper X 
Solitary sandpiper X 
Greater yellowlegs X 
Least sandpiper X 
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Table 5. (Cont.). 

Cover type 

SB SM NH ow GR 

Semipalmated sandpiper X 
Black tern X 

Cuculiformes 
Yellow-billed cuckoo .X 
Black-billed cuckoo X X 

Strigiformes 
Barred owl X X 
Northern saw-whet owl X 

Caprimulgiformes 
·Whip-poor-will X 
Common nighthawk X 

Apodiformes 
Ruby-throated hummingbird X 

Coraciiformes 
Belted kingfisher X 

Piciformes 
Northern flicker X X 
Pileated woodpecker X X 
Yellow-bellied sapsucker X X 
Hairy woodpecker X X 
Downy woodpecker X X 

Passeriformes 
Eastern kingbird X 
Great crested flycatcher X X 
Eastern phoebe X 
Yellow-bellied flycatcher X 
Least flycatcher X X 
Eastern wood-pewee X 
Olive-sided flycatcher X 
Tree swallow X 
Barn swallow X 
Cliff swallow X 
Purple martin X 
Blue jay X X 
Common raven X 
American crow X X 
Black-capped chickadee X X 
Boreal chickadee X X 
Red-breasted nuthatch X 
Brown creeper X 
Winter wren X 
Sedge wren X 
American robin X X 
Wood thrush X 



Table 5. (Cont.). 

Species SB 

Hermit thrush X 
Swainson's thrush X 
Veery X 
Cedar waxwing X 
Red-eyed vireo X 
Warbling vireo 
Black-and-white warbler X 
Tennessee warbler 
Nashville warbler X 
Northern p arul a X 
Yellow warbler X 
Yellow-rumped warbler X 
Black-throated green warbler X 
Black-throated blue warbler X 
Blackburnian warbler X 
Chestnut•sided warbler X 
Bay-breasted warbler X 
Blackpoll warbler X 
Pine Warbler X 
Palm warbler X 
Ovenbird X 
Northern waterthrush X 
Common yellowthroat X 
American redst~t X 
Red-winged blackbird 
Northern oriole 
Common grackle 
Brown-headed cowbird 
Scarlet tanager 
Rose-breasted grosbeak 
Evening grosbeak X 
Purple finch X 
American goldfinch X 
Grasshopper sparrow 
Dark-eyed junco 
Chipping sparrow X 
White-throated sparrow X 
Fox sparrow 
Swamp sparrow X 
Song sparrow X 

Cover type 

SM NH 

X 

X 

X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 

X 

X 
X 
X 
X 

X 
X 
X 

OW GR 

X 

X 

X 
X 

X 

a SB = sph~num bog, SM = northern sedge meadow, NH = 
northern hardwood, OW = open water, GR = grassland. 

-b Present. 
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Table 6. Cover types and productivity of 10 bird nests on the 

Drummond study area in 1979 and 1980. 

Cover N N N 
Species typea· eggs hatChed fle'Ciged 

1979 

Ruffed grouse SB 12 0 0 

Yellow-bellied flycatcher SB 4 .3 .3 

White-throated sparrow SB 4 4 4 
Ovenbird llH s s s 
American bittern SM 4 4 4 
Mallard GR 10 7 7 

1980 

Hermit thrush SB .3 .3 1 

Ovenbird llH s 4 4 
Ovenbird llH s s s 
Ruffed grouse llH 11 10 10 

a SB : sphagnum bog, NH = northern hardwood, SM = northern 

sedge meadow, GR = grassland. 
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inhabitants. The black-billed cuckoo, sharp-shinned hRWk, 

northern saw-whet owl, evening grosbeak, and chipping 

sparrow, each captured once on the Drummond Bog, did not 

occur in any bog cover types on Brewer's list. Resident 

species from adjacent cover types apparantly used the SB 

for some of their daily activities. The white-throated 

sparrow and hermit thrush were the most common birds on 

the SB; each represented 17 % of all captures (Table 4). 

Reptiles and Amphibians 

Reptiles and amphibians were not quantitatively 

sampled in the SB cover type, thus, a comparison between 

T and C sites is unavailable. 

The presence or sewage effluent on the Drummond Bog 

did not affect species diversity or relative abundance of 

herpetofauna occupying the NH or SM cover types. Species 

diversity was similar between years in each cover type 

(Table 7). Relative abundance by cover type was similar 

<r~o.05) between years for individual species and for 

all species combined (Table 7). The greatest apparent, 

but not significant, difference in relative abundance 

between years, which was consistent in each cover type, 

was seen for the eastern American toad. Trapping and 

dates of juvenile toad emergence were not synchronized in 

1979, but were in 1980. A lower capture success occurred 

in 1979 (NH • 1.30 captured/drift fence day, SM: 0.54), 

than in 1980 (NH: 2.48, SM c 1.44). 



27 

Table 7. Herpeto£auna relative abundance (number captured/dri£t fence day} 

in the northern hardwood (NH) and northern sedge meadow (SM} cover types or 

the Drummond study area during 1979 and 1980. 

1979 1980 

Species NH SM HH SM 

Wood frog 2.22 (379}a 1.00 (57) 2.02 (387) o.89 (57) 

Eastern American toad 1.30 (222} o.54 (31) 2.48 (477} 1.44 (92) 

Blue-spotted and Tremblay's 
0.62 (106) 0.18 0.13 salamanders (10) o.24 <47> (8} 

Northern leopard frog 0.04 (7} 0.39 (22} 0.03 (5) 0.13 (8} 

Redb ack salamander o.oa (13) o.oo (O) 0.13 (25) 0.02 (1} 

Spotted salamander 0.07 (12) o.oo (0} o.o6 (12) o.o2 (1) 

Pour-toed salamander 0.04 (6) o.oo (0} o.o6 (12} o.o3 ( 2) 

Northern spring peeper 0.04 (6) 0.04 (2} 0.03 (.$) o.oo (0) 

Gray treetrogb o.o4 (7) 0.04 (2) o.oo (0) o.o3 ( 2} 

Green frog o.o1 (1} o.o7 <4> o.o2 (3} 0.05 (3) 

Eastern garter snake o.o1 (2) 0.02 (1) o.oo (0} o.oa (5} 

Mink trog o.oo (O} o.oo (0) o.oo (0) 0.05 (3) 

Common snapping turtle o.oo (0) 0.02 (1) o.oo (0) 0.02 (1) 

Northern ringneck snake o.oo (O) o.oo (0) o.o1 ( 2) o.oo (0) 

Boreal chorus frog o.o1 (1) o.oo (0) o.oo (0) o.oo (O) 

Western painted turtle o.oo (O) 0.02 (1) o.oo (O) o.oo (O) 

Total 4·46 (762) 2.30 (131) s.oa (975> 2.86 (183) 

Species diversity (.!!I ) o.6o 0.71 0.53 o.64 

a (H) -· 
b Could include Hyla versicolor and !!• chrzsoscelis. 
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Twenty-one species o~ reptiles and amphibians were 

present on the study area ~rom April 1979 through 

September 1980 (Table 8). The Tremblay's salamander, 

which is on the Wisconsin thP~uitened list, was i-denti.fied 

by measuring total length; individuals with total length 

greater than 13 em can with "reasonable certainty" be 

classified as Tremblay's rather than the closely related 

blue-spotted salamander (Vogt 1981). Karns (1979) listed 

12 species of reptiles and ~ibians that were present 

in peatlands and associated uplands of central and 

southern Koochiching and western Beltrami counties, 

Minnesota.. Only 1 species on Karns 1 list, the mudpuppy 

(Necturus maculosus) was not present on the Drummond study 

area and the following additional species were p-resent: 

Cope's gray treefrog, green frog, mink frog, bullfrog, 

redback salamander, four-toed salamander, spotted 

salamander, Tremblay's salamander, northern ringneck 

snake, and smooth green snake. The herpetofauna of the 

Drummond study area is more diverse than that of the 

Minnesota area studied by Karns (1979). Bog water acidity 

can be toxic to larval and embryonic stages of some 

amphibian species, thus inhibiting reproduction (Gosner 

and Black 1957, Saber and Dunson 1978) • The presence of 

non-acidic breeding habitat (e.g., sewage lagoons) within 

the Drummond study area may allow a greater number of 

amphibian species to survive there. Anuran calling sites 

on the Drummond study area were identified (Table 9)o 
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Table 8. Herpetotauna and associated cover types on the 

Drummond study are a trom April 1979 through September 1980. 

Cover types8 

Species SB liB SM OW 

Amphibia 
Cwd~a b r X X Blue-spotted salamander 

Spotted salamander b X X 
Tremblay's salamander X X 
Pour-toed salamander X X 
Redback salamander X X 

.Anura 
Eastern American toad X X X X 
Boreal chorus .frog X X 
Worthern spring peeper X X X X 
Cope's gray tree.t'rogd X X X 
Gra,- tree.t'rogd X X X 
Bull.t'roR X 
Green .frog X X X 
llorthern leopard trog X X X X 
Mink frog X 
Wood 1'ro11. X X X 

Reptilia 
Chelonia 

Comm.on snapping turtle X X X 
Western painted turtle X X 

Serpentes 
llorthern ringneck snake X 
Smooth green snake X 
Eastern garter snake X X X 
llorthern redbelly snake X X 

a SB = sphagnum bog, NH = northern hardwood, SM = northern 

sedge meadow, OW : open water. 

b 
Individuals greater than 13 em total length were assumed 

to be !• tremblayi rather than !• laterale (Vogt 1981). 

c Present. 

d Gray tree.t'rog species were separated by the trill rate o.t' 

the mating call (Johnson 1966). 
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Table 9. Anuran calling locations on the Drummond study 

area during spring 1979 and 1980. 

Locationa8 

Species SL WL SB NH 

Eastern American toad xb 

Boreal chorus frog X X 

Northern spring peeper X X X 

Cope's gray treefrog X 

Gray treefrog X X 

Bull.frog XC 

Green :frog X 

Northern leopard frog X 

Mink frog X 

Wood .frog X X 

a SL • sewage lagoons, WL = We so Lake, SB • small pools of 

standing water within the sphagnum bog cover type, NH • 

small pools o.f standing water within the northern 

hardwood cover type. 

b Present. 

c One individual heard calling on 23 June 1980o 
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Amphibians dominated herpetofaunal diversity, 

accounting for 15 of the 21 species present (Table 8). 

Ten of the 12 Wisconsin anurans and 5 of the 8 Wisconsin 

salamanders were present on the study area. Reptiles 

were not very diverse in Drummond; only 2 turtle and 

4 snake species were pres·ent. · The NH and SM contained 

the greatest number of herpetofaunal species with 16 

occurring in each (Table 8). The SB and OW contained 

10 and 9 species, ~re~pectively. Drift fence trapping 

was not conducted in the SB nor in OW cover; thus, 

secretive species (e.g., salamanders) may have been 

present but not detected. 

Seventeen (possibly 18) reptile and amphibian species 

were captured in drift fences in the NH and SM cover types 

(Table 7). The Cope 1 a gray treefrog and gray tree.frog 

can only be separated in the .field by the trill rate o.f 

the male's call (Johnson 1966). The wood frog and eastern 

American toad were the most common herpetofauna species 

on the study area, accounting for 43 and 40 %, respectively 

of all captures. The blue-spotted salamander and Tremblay's 

salamander together accounted for 8 % of herpetofaunal 

captures. No other species accounted for more than 2 % of 

herpetofauna captures. The wood frog, eastern American 

toad, and blue-spotted salamander were also the 3 most 

abundant amphibians and reptiles in a Minnesota peatland 

study (Karns 1979). 
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Reptiles were not abundant on the Drummond study site. 

The eastern garter snake was the most common reptile but 

only represented 0.004 % of all drift fence captures. In 

addition~ only 5 eastern garter snakes and 2 Pedbelly 

snakes were captured in the SB in almost 1500 trap nights 

of artificial cover trapping. 

Terrestrial Invertebrates 

The presence of sewage effluent on the Drummond Bog 

did not have an immediate effect on the family diversity, 

biomass, or relative abundance of terrestrial invertebrates. 

Invertebrate family diversity indices were similar between 

T and C sites for each year on the SB (Table 10, 11). 

Similarly, no difference in microarthropod species diversity 

between sewage-treated and un-treated cypress domes was 

reported (McMahan and Davis 1978). Invertebrate relat1ve 

abundance (number captured/100 sweeps and number captured/ 

vacuum plot) and biomass {g/100 sweeps and g/100 vacuum 

plots) by sample date were similar (~~0.05) between T and c 

plots in 1979 and 1980 for individual orders and for all 

orders combined. Yearly relative abundance indicies were 

calculated by combining all sample dates within a year 

(Table 10, 11). Yearly relative abundance and biomass 

from sweep net samples and biomass from vacuum samples 

were similar (~70.05) between T and C sites for each order 

and all orders combined-in 1979 and 1980 (Table 10, 11). 

Relative abundance from vacuum samples was similar (~~0.05) 

between T and C sites for 13 of 14 orders and for all 
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Table 10. Terrestrial invertebrate relative abundance and biomass 

on the treatment (T) and control (C) areas of the Drummond Bog 

during 1979 and 1980 as determined by sweep netting• 

1979 1980 

Order T c T c 

Araneida No a 114.8 ( 1377 f 98.2 ( 1178) .52.) (627) 42.2 (.506) b. 
0.074 0.049 0.035 0.022 g 

Hemiptera No. 64.8 (777) .57. 2 ~ 686) 4.5.6 (.547) 44.1) b.534) 
g o.o.54 o.o4 0.037 o.o3 

Diptera No. )2.8 (393) .57.8 (693) 2,5.0 (300) 32.9 ()9.5) 
g 0.017 0.029 0.017 0.019 

Coleoptera No. 18.) ( 219) 19.3 (232) 20.6 ( 247) 21.1 (2.53) 
g 0.018 0.010 0.021 0.018 

Homoptera No. 27.1 (32.5) 14.4 (173) 23.4 ( 281) 13.4 (161) 
g 0.018 0.012 0.023 0.014 

H)'Jilenoptera No. 16.6 (199) 22•3 (268) 17.9 (21.5) 19.3 (231) 
g 0.022 o.oso o.on o.oo8 

Lepidoptera No. 7.2 (86) 6.8 (82) 5.5 (66) s.8 (69> 
g 0.019 0.043 0.014 0.020 

Acari W.o. 2.8 (33) o.3 (3) 4.0 (48) 5.7 (68) 
g d d 0.001 0.001 

Psocoptera No. o.6 (7) 0.9 (11} 1.7 (20) 1.8 ( 22) 
g d d 0.001 o.oo1 

Collembo1a No. o.2 (2) o.1 (1) 0.7 (8) 1.3 (16) 
g d d d d 

Orthoptera No. 0.4 (5) o.4 <5> o.8 (9) Oo2 (2) 
g 0.010 0.001 Oo032 0.003 

Ephemeroptera No. o.o (0) o.o (0) 1.1 (13) 0.4 (5) 
g o.ooo o.ooo 0.001 d 

Odonata No. 0.7 (8) 0.4 (5) 0.0 (O) 0.0 (O) 
g o.oo2 0.001 o.ooo o.ooo 

llleuroptera No. O.) ()) 0.2 (2) 0.1 (1) 0.2 ( 2) 
g d d d d 
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Table 10. (Cont.). 

1979 1980 

Order 'f c '1' c 

'l'richoptera No. o.o (0) o.1 (1) 0.2 (2) o. 2 ( 2) 
g o.ooo d 0.001 d 

'fP.,-sanoptera No. o.o (0) o.o (0) o.1 (1) 0.3 (3) 
g o.ooo o.ooo d d 

Mecoptera No. o.o (0) o.o (0) o.o (0) 0.1 (1) 
g o.ooo o.ooo o.ooo 0.001 

'l'otal Bo. 286.2 (3434)278.3 (3340) 198.8 (2384)189.2 (2270) 
g 0.236 0~240 0.192 0.142 

Famil7 diversit7 (!') Oo99 1.00 

. ! families 53 58 

a Bo. : number ceptured/100 sweeps. 

b g : g/100 sweeps. 

c <!>· 
d Trace, < 0.001 g. 

59 
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Table li. Terrestrial invertebrate relative abundance and biomass 

on the treatment (T) and-control (C) areas or the Drummond Bog 

during 1979 and 1980 as determined by vacuum ftampling. 

Order 

Diptera No. 8 

gb 

Araneida No. 
g 

BJmenoptera No. 
g 

Bamoptera No. 
g 

Hemiptera No. 
g 

Coleoptera No. 
g 

Lepidoptera No. 
g 

Th7sanoptera No. 
g 

Acari Jl'o. 
g 

Orthoptera No. 
g 

Co11embo1a No. 
g 

Psocoptera .No. 
g 

!phemeroptera No. 
g 

Odonata No. 

Total 

g 

No. 
g 

1979 

T c 

1.17 (75) 0 1.05 (67) 
0.070 0.048 

o.89 (57) o.ss (35l 
0.048 Oo048 

1.59 (102) 0.16 (10) 
o.o38 o.oo6 

0.47 (30) o.os (3)d 
o.013 o.oo2 

0.14 (9) 0.25 (16) 
o.oo8 o.o11 

0.19 (12) 0.13 (8) 
o.oos 0.014 

0.20 (13) o.oa <5> 
o.o<S o.oo3 

o.oo (0) o.oo (0) 
o.ooo o.ooo 

0.03 (2) 0.02 (1) 
o.oo1 e 

o.os (3) o.oo (0) 
0.317 o.ooo 

0.02 (1) o.oo (0) 
e o.ooo 

o.o2 (1) o.oo (Ol 
e o.ooo 

o.oo (0) o.oo (0) 
o.ooo o.ooo 

0.00 (O) 0.00 (0) 
o.ooo o.ooo 

4-77 (305) 2.27 <145> 
0.5<5 0.132 

Pamil7 diversity(~') 1.05 1.11 

! families 30 

a Jl'o. a number captured/vacuum plot. 

b g ~ g/100 vacuum plots. 

c <!>· 

1980 

'l' c 

o.89 (57) 
o.o34 

0.97 (62) 
0.053 

1.45 (93) 0.92 (59) 
0.052 0.072 

0.52 (33) 0.48 (31) 
0.013 0.088 

o.61 (39) 0.39 (25) 
0.027 0.014 

0.34 (22) 0.20 (13) 
o.o14 o.oo6 

0.23 (15) 0.13 (8) 
o.o06 o.oo3 

o.o9 (6) o.o9 (6) 
0.013 0.003 

0.20 (13) o.oo (0) 
e o.ooo 

o.o6 <4> o.o6 <4> 
0.001 0.001 

0.02 (1) 0.02 (1) 
0.077 0.120 

o.os (3) o.oo (0) 
e o.ooo 

o.o2 (ll o.o2 (1) 
e e 

o.o2 (1) o.o2 (1) 
o.oo1 o.oo1 

0.02 (1) 0.00 (O) 
o.o11 o.ooo 

4.52 (289) 3.30 (211) 
0.249 0.)61 

1.13 

31 

d Si~iticant difference between treatment and control (~<0.05). 

8 Trace,~O.OOl g. 



orders combined in 1979 and 1980 (Table 11). Significantly 

more (~'0.05) homopterans were captured in the T than in 

the C area in 1979, however, homopteran relative abundance 

was sim-il&P (f_>-G.05) between T and 0 sit-es in 19-80 

(Table 11). Subtle habitat variables between sample sites 

may have affected capture success of fast moving 

homopterans (DeLong 1932). Fewer collembolans and more 

spiders were captured in a sewage-treated Spartina marsh 

than in a control marsh (McMahan 1972, McMahan et al. 1972). 

Collembolans were captured infrequently at Drummond and 

thus precluded an accurate comparison between T and c_ 

sites. Spiders were more abundant, but not significantly 

so, on the T area of the Drummond Bog (1979 = 114.8 

captured/100 sweeps, 1980 = 52.3) when compared to the c 

area (1979 = 98.2, 1980 = 42.2). It is reasonable to 

assume that higher spider relative- abundance will coincide 

with higher prey numbers but neither my data nor those of 

McMahan et al. (1972) support this hypothesis. Further 

research is needed to fully understand this problem. 

Two classes, 17 orders, 3 suborders, 1 superfamily, 

and 76 families of terrestrial invertebrates were captured 

in the SB during 1979 and 1980 (Table 12). The greatest 

family diversity was seen for Diptera (flies), Coleoptera 

(beetles), Hymenoptera (ants, bees, and wasps), Hemiptera 

(true bugs), and Homoptera (bug allies) with 23, 15, 9, 9, 

and 7 families,respectively. No more than 3 families were 

represented in any other order. 
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Table 12. Terrestrial invertebrate taxa on the Drummond 

Bog in 1979 and 1980 as determined by sweep netting and 

vacuum samplingao 

Arachnida 
Acari 

Prostigmata 
Oribatei 
IxodiCies 

Ixodidae 
Araneida 

Insecta 
Collembola 

Isotomidae 
Sminthuridae 
Poduridae 

Ephemeroptera 
Odonata 

Coenagrionidae 
Orthoptera 

Acrididae 
Gryllidae 
Tettigoniidae 

Psocoptera 
Psocidae 

Thysanoptera 
Phl aeothripidae 

Hemiptera 
Lygaeidae 
Miridae 
Nabidae 
Reduviidae 
Pentatomidae 
Tingidae 
Piesmatidae 
Anthocoridae 
Saldidae 

Homoptera 
Cicadellidae 
Aphididae 
Cercopidae 
Delphacidae 
Acanaloniidae 
Cixiidae 
Cicadidae 

Coleoptera 
CUrculionidae 
Coccinellidae 
Scarabaeidae 
.Anthribidae 
Elateridae 



Table 12. (Cont.). 

~tapliylinidae 
L8ll1pyridae 
Oedemeridae 
Carabidae 
Cerambycidae 
Chrysomelidae 
Meloidae 
Endomychidae 
Scolytidae 
Mycetophagidae 

Neuroptera 
Chrysopidae 

Mecoptera 
Panorpidae 

Trichoptera 
Lepidoptera 

Pieridae 
Diptera 

. Culicidae 
Sciaridae 
Mycetophilidae 
Tipulidae 
Phoridae 
Syrphidae 
Pipunculidae 
Dolichopodidae 
Chironomidae 
Drosophilidae 
Heleomyzidae 
Sepsidae 
'i'achinidae 
Sarcophagidae 
Tabanidae 
Tephri tidae 
Asilidae 
Lauxaniidae 
Sciomyzidae 
Empididae 
Calliphoridae 
Stratiomyidae 
Otitidae 

Hymenoptera 
Chalcidoidea 

Tenthredinidae 
Formicidae 
Cynipidae 
Braconidae 
Ichneumonidae 
Sphecidae 
Vespidae 
Pompilidae 
Apidae · 

38 

a Individuals that could not be identified to the family 

level, by the author,were placed in a higher taxonomic 

group (i.e., superfamily, suborder, or order). 
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The invertebrate sweep net sample population 

consisted of 33.6 %Arachnida (spiders, mites, and ticks) 

and 66.4% Insecta (insects}(Fig. 4). Order Araneida 

( spidePs) aoceu~ed fo-r ~.o tf, of Araelmida captures 

while order Acari (mites and ticks) made up the remaining 

4.0 ~. Suborders Prostigmata and Oribatei (mites) 

accounted for 98.0 ~ of Acari captures. 

Hemiptera and Diptera were the most common insect 

orders representing 33.5 and 23.5 %, respectively of all 

captures (Fig. 4). The families Lygaeidae (seed bugs) 

and Miridae (plant bugs) together made up 84.1 % of all 

hemipterans. Culicidae (mo·squitoes) was the most common 

dipteran family (21.1 ~ of all flies). 

Coleoptera, Homoptera, and Hymenoptera represented 

12.5, 12.4, and 12.0 ~~ respectively of all insect captures 

(Fig. 4). Curculionidae (snout beetles) was the most 

common coleopteran family (36.2% of all beetles). The 

families Cercopidae (froghoppers), Cicadellidae 

(lewfhoppers), and Aphididae (aphids) together made up 

73.0 % of all homopterans. The superfamily Chalcidoidea 

(chalcids), and the families Braconidae (braconids), 

Ichneumonidae (ichneumons), and For.micidae (ants) 

together accounted for 85.5 % of all hymenopterans 

captured. 

The following orders each represented less than 5 % 
ot all insects: Lepidoptera (butterflies and moths = 
4.0 %), Psocoptera (psocids: 0.8 %), Collembola 

(springtails s 0.4 %), Orthoptera (grasshoppers and 
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CLASS ORDER SUBORDER SUPERFAMILY FAMILY 

---
Araneida (96.0) · 

Arachnida ~rostigmata (49.3) 
33.6) ~Acari (4.0} Oribatei (4d.7) 

I.xodides ( 2.0 r------r.xodidae ( 100.0) 

naect 
(66.4) 

)-_:_..e==:::::;:::::::_:=:=:=::::::::::~Lygaeidae ( 68.3) Miridao {15.8) 
thers (15.9) 

L---===========Cul1cidae ( 21.1) r others (78.9) 

L.---===========:curculionidae (36. 2) 
r others (6).8) 

,_-=~~~~~~~~~~~Cercopidae (33.3) Cicade11i~ae {21.5) 
=-phididae (1d.2) 

thers (27.0) 

alcidoidea (32.0) 

~
Braconidae (25.1) 

enoptera (12.0 ),_.,.liiiiiiii!~:E~§§~~==========Iclm.eumonidae. ( 14.5) 
__ Fo~~cidae (13.9) 

thers (14.5) 

J------------_.;Psocidae {100.0) 

4 \.--============J:sotomidao (88.9) (0. ' others (11.1) 

l---===========~erididae (85. 7) (0.3, thars (14.3) 

r--------------coenagrionidae (100.0) 

r--------------chrysopidae (100.0) 

J--------------'Ph1aeothripidae (100.0) 

Mecoptera (<O.iJ------------_.;panorpidae (100.0) 

Fig. 4. Terrestrial invertebrate classes, orders, selected 

suborders and superfami1ies, common families within each order, 

. and the respective percentages within each taxonomic group, 

captured by sweep netting on the Drummond Bog during 1979 and 1980. 
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crickets; 0.3 %), Ephemeroptera {mayflies; Oo2 %), 

Odonata (damselflies= Oo2 %), Neuroptera {lacewings= 

0.1 %), Trichoptera (caddisflies; 0.1 %), Thysanoptera 

--(thrips. o.l %), and Mecoptera (scorpionflie-S < 0.1 ~) 

(Fig. 4). 

CONCLUSIONS 

The fauna that currently occupies the Drummond Bog 

is generally typical of. an ombrotrophic bog wildlife 

community in the Great Lakes Region, is common throughout 

Wisconsin, and has broad habitat requirementso Thirty 

mammal species were present on the study area, 14 occurred 

on the bog. The masked shrew and southern red-backed vole 

were the most common mmmmals on the bog. One-hundred 

eleven bird species were present on the study area, 55 on 

the bog. The white-throated sparrow and hermit thrush 

were the most common bog in~abitants. Twenty-one species 

of amphibians and reptiles were present on the study area, 

10 occurred on the bog. The wood frog and eastern American 

toad were the most common species on the study area. 

Seventeen orders and 76 families of terrestrial invertebrates 

were present on the bog. Spiders and true bugs were the 

most common groups. 

The addition of sewage effluent to a wetland is not 

unlike the application of commercial fertilizer to a 

natural system. The addition of fertilizer generally 

enhances growth and nutrient concentrations in plants 

which results in increases in productivity of some wildlife 
. . 

species (Watson and 0' Hare 1979). 
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Water quality changes at Drummond have been few 

(Shaw et al. in press) and no changes in nutrient 

concent'rations or net biomass of foliar tissue have been 

__ --- r-ep-ort-ed (Wikum and Ondrus in press~ Guntenspar_gen and 

Stearns in press). However~ black spruce leader growth 

was greater in the Drummond Bog than in a nearby control 

bog (Wikum and Ondrus in press) and a loss of sphagnum 

mosses and an increase in non-typical plant species was 

reported (Guntenspergen and Stearns in press). 

There were no short-term changes in faunal composition, 

abundance, or diversity that could be associated with 

sewage application to the bog. However, if the water 

quality and vegetation of the bog continue to change, 

subtle changes in the wildlife population will likely 

follow. Animal species with broad ecological requirements, 

like those of the Drummond Bog, tend to adapt quickly to 

habitat disturbances. Therefore, long term impact to the 

bog fauna should be minimal. The greatest value of these 

data will be realized when they are used as baseline 

information for future comparison studies of the fauna 

after the bog has received sewage treatment for an extended 

period of time. I recommend replication of this research 

in 3-5 years. 
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Appendix A. Common and scientific nomenclature tor 

the mammals ot the Drummond study area. 

CoJ~D~~,on name 

Masked shrew 

Arctic shrew 

Water shrew 

Pygmy shrew 

Short-tailed shrew 

Star-nosed mole 

Snowshoe hare 

Eastern chipmunk 

Woodchuck 

Red squirrel 

Gray squirrel 

Deer mouse 

Meadow vole 

Southern bog lemming 

Southern red-backed vole 

Muskrat 

Meadow jumping mouse 

Woodland jumping mouse 

Porcupine 

Coyote 

Red tox 

Black bear 

Raccoon 

Ermine 

Mink 

Fisher 

River otter 
Striped skunk 

White-tailed deer 

Scientific name 

Sorex cinereus 

~ arcticus 

~ palustris 

Microsorex ~ 

Blarina brevicauda 

Condylura cristata 

Lepus americanus 

Tamias striatus 

Marmota monax 

Tamiasciurus hudsonicus 

Sciurus carolinensis 

Peromzscus maniculatus 

Microtus pennsylvanicus 

Spaptomys cooperi 

Clethrionomys gapperi 

Ondatra zibethicus 

Zapus hudsonius 

Napaeozapus insignia 

Erethizon dorsatum 

.E.!!!!! latrans 

Vulpes vulpes 

Ursus americanus -
Procyon~ 

Mustela erminea 

Mustela vison 

Martes pennant! 

~ canadensis 
Mephitis mephitis 

Odocoileus virginianus 
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Appendix B. Common and scientific nomenclature for 

the birds of the DrUmmond study area. 

CellllllOn name 

Common loon 

Pied-billed grebe 

Great blue heron 

Green-backed heron 

American bittern 

Mallard 

Gadwall 

Blue-winged teal 

American wigeon 

Northern shoveler 

Wood duck 

Ring-necked duck 

Lesser scaup 

Common goldeneye 

Bufflehead 

Hooded merganser 

Northern goshawk 

Sharp-shinned hawk 

Red-tailed hawk 

Broad-winged hawk 

Bald eagle 

Northern harrier 

American kestrel 

Ruffed grouse 

Sora 

American coot 

Killdeer 

Scienti:t'ic nlllll8 

Gavia immer 

Podilymbus podiceps 

~ herodias 

Butorides striatus 

Botaurus lentiginosus 

~ platyrhynchos 

~ strepera 

!!!!,! discors 

Anas americana 
-~..;;..;;.--......-,_ 

.!!!!!, clypeata 

!!: sponsa 

Aythya collaris 

Aythya a1'finis 

Bucephala clangula 

Bucephala albeola 

Lophodytes cucullatus 

Accipiter gentilis 

Accipiter striatus 

~ jamaicensis 

~ platypterus 

Haliaeetus leucocephalus 

Circus cyaneus 

~ sparverius 

Bonasa wnbellus 

Porzana carolina 

FUlica americana 

Charadrius vociferus 



Appendix B (Cont.). 

Common name 

American woodcock 

Common snipe 

'Upland sandpiper 

Spotted sandpiper 

Solitary sandpiper 

Greater yellowlegs 

Least sandpiper 

Semipalmated sandpiper 

Black tern 

Yellow-billed cuckoo 

Black-billed cuckoo 

Barred owl 

Northern saw-whet owl 

Whip-poor-will 

Common nighthawk 

Ruby-throated hummingbird 

Belted kingfisher 

Northern flicker 

Pileated woodpecker 

Yellow-bellied sapsucker 

Hairy woodpecker 

Downy woodpecker 

Eastern kingbird 

Great crested flycatcher 

Eastern phoebe 

Yellow-bellied flycatcher 

iLe·aat .f'lyc atcher 

Eastern wood-pewee 
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Scientific name 

Scolopax ~ 

Gallinago gallinago 

Bartramia longicaud~ 

Actitis macularia 

Tringa solitaria 

Tringa melanoleuca 

Calidris minutilla 

Calidris pusilla 

Chlidonias ~ 

Coccyzus americanus 

Coccyzus erythropthalmus 

Strix varia 

Aegolius acadicus 

Caprimulgus vociferus 

Chordeiles minor 

Archilochus colubris 

Ceryle alcyon 

Colaptes auratus 

Dryocopus pileatus 

Sphyrapicus varius 

Picoides villosus 

Picoides pubescens 

Tyrannus tyrannus 

Myiarchus crinitus 

Sayornis phoebe 

Empidonax .f'laviventris 

Empidonax minimus 

Contopus virens 

I 



Appendix B (Cont.}. 

Common n8Jile 

Olive-sided flycatcher 

Tree swallow 

Barn swallow 

Cliff swallow 

Purple martin 

Blue jay 

Common raven 

American crow 

Black-capped chickadee 

Boreal chickadee 

Red-breasted nuthatch 

Brown creeper 

Winter wren 

Sedge wren 

.American robin 

Wood thrush 

Herndt thrush 

swainson's thrush 

Veery 

Cedar waxwing 

Red-eyed vireo 

Warbling vireo 

Black-and-white warbler 

Tennessee warbler 

Nashville warbler 

Northern p arul a 

Yellow warbler 

Yellow-rumped warbler 
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Scientific nBIIIe 

Contopus borealis 

Tachycineta bicolor 

Hirundo rustica 

Hirundo pyrrhonota 

Progne ~ 

Cyanocitta cristata 

Corvus corax 

Corvus brachyrhynchos 

~ atricapillus 

!!!2! hudsonicus 

Sitta canadensis 

Certhia americana 

Troglodytes troglodytes 

Cistothorus platensis 

Turdus migratorius 

Bflocichla mustelina 

Catharus guttatus 

Catharus ustulatus 

Catharus fuscescens 

Bombycilla cedrorum 

!!!:!.2 olivaceus 

!.!.!:!2 gil vu s 

Mniotil t a .!!!:!!.. 

Vermivora peregrina 

Vermivora ruficapilla 

Parula americana 

Dendroica petechia 

Dendroica coronata 



Appendix B (Cont.). 

Common name 

Black-throated green warbler 

Black-throated Blue warbler 

Blackburnian warbler 

Chestnut-sided warbler 

Bay-breasted warbler 

Blackpoll warbler 

Pine warbler 

Palm warbler 

OVenbird 

Northern waterthrush 

Common yellowthroat 

American redstart 

Red-winged blackbird 

Northern oriole 

Common grackle 

Brown-headed cowbird 

Scarlet tanager 

Rose-breasted grosbeak 

Evening grosbeak 

Purple finch 

American robin 

Grasshopper sparrow 

Dark-eyed junco 

Chipping sparrow 

White-throated· sparrow 

Fox sparrow 

Swamp sparrow 

Song sparrow 
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Scientific name . 

Dendroica virens 

Dendroica caerulescens 

Dendroica fusca 

Dendroica pensylvanica 

Dendroica castanea 

Dendroica striata 

Dendroica pinus 

Dendroica palmarum 

Seiurus aurocapillus 

Seiurus noveboraeensis 

Geothlypis trichas 

Setophaga ruticilla 

Agelaius phoeniceus 

Icterus galbula 

~iscalus quiscula 

Molothrus ater 

Piranga olivacea 

Pheuctieus ludovicianus 

Coccothraustes vespertinus 

Carpodacus purpureus 

Carduelis tristis 

.Amm.odramus savannarum 

~ hyemalis 

Spizella passerina 

Zonotrichia albicollis 

Passarella iliaca 

Melospiza georgiana 

Melospiza melodia 
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Appendix c. Common and scientific nomenclature for 

the reptiles and amphibians of the Drummond study area. 

Common name 

Blue-spotted salamander 

Spotted salamander 

Tremblay' s salamander 

Four-toed s a1 amander 

Redb ack s a1 amander 

Eastern American toad 

Boreal chorus frog 

Northern spring peeper 

Cope 1s gray treefrog 

Gray treefrog 

Bullfrog 

Green frog 

Northern leopard frog 

Mink frog 

Wood frog 

Common snapping turtle 

Western painted turtle 

Northern ringneck snake 

Smooth green snake 

Eastern garter snake 

Northern redbelly snake 

Scientific name 

Ambystoma laterals 

Amby~toma maculatum 

Ambystoma tremblayi 

Hemidactylium scutatum 

Plethodon cinereus 

Bufo americanus -
Pseudacris triseriata 

Hyla crucifer 

Hyla chrysoscelis 

Hyla versicolor ------
Rana catesbeiana -
Rana clamitans 

Rana pipiens 
-~~--

Rana septentrionalis 

Rana sylvatica 

Chelydra serpentina 

Chrysemys picta 

Diadophis punctatus 

Opheodrys vernalis 

Thamnophis sirtalis 

Storeria occipitomaculata 


