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FOREWORD: VOLUME 7 OF A SERIES RESULTING FROM THE 
1 9 8 6 CONFERENCE ON SCIENCE IN THE NATIONAL PARKS 

The 1986 Conference on Science in the National Parks was the 
fourth in a ser ies of conferences conducted by the United States 
Nat ional Park Se rv i ce (NPS) and the George Wright Society to 
d i scuss the r o l e t ha t sc ience should p lay in support ing the 
unders tand ing , management, and p r e s e r v a t i o n of park r e sources . 
The d ia logue focused upon the s p e c i a l r e l a t i o n s h i p between 
r e s e a r c h and management t h a t must succeed i f appropr ia t e 
information i s to be a v a i l a b l e to the Nat ional Park Serv ice 
decision process. The Conference highlighted the act ive regional 
sc ience programs and d i sp layed the r e s u l t s of many e f f e c t i v e 
research and resources management pro jec ts . 

Many persons contributed the i r expertise and thoughts to the 
success of the Conference. There were over 400 attendees who gave 
approximately 325 poster presentations in 28 symposia. There were 
two plenary research panel discussions on the ro le of research and 
12 p l e n a r y p r e s e n t a t i o n s on t o p i c s of impor t ance to NPS 
researchers and resource managers. The Conference was attended by 
NPS Directorate , superintendents, researchers (natura l , c u l t u r a l , 
and socia l sciences), resource managers, in te rpre te rs , represent­
a t i v e s of u n i v e r s i t y and o ther agency r e sea rch , park s e r v i c e 
personnel of six foreign countr ies , and the public. 

The refereed papers in th i s volume were spec i f i ca l ly invited 
by Dr. Wilcox so t ha t they covered many of the i n t e r a c t i o n s 
between the various d i sc ip l ines used in wetlands research. I t i s 
only through awareness of the complexity of these i n t e r a c t i o n s 
that wetlands research can be designed and conducted to accurately 
address the informational needs of land managers. 

Raymond Herrmann, 
Conference Organizer 
National Park Service 
Colorado State University 
F t . Coll ins, Colorado 
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THE NECESSITY OF INTERDISCIPLINARY RESEARCH IN WETLAND ECOLOGY: 
THE COWLES BOG EXAMPLE 

Douglas A. Wilcox 1 ' 2 

ABSTRACT 

The importance of i nco rpo ra t ing r e s u l t s from a number of 
s c i e n t i f i c d i s c i p l i n e s in to the i n t e r p r e t a t i o n of wetland 
functions and processes was assessed by reviewing the history of 
research conducted in the Cowles Bog Wetland Complex in northwest 
Ind iana . Ear ly twen t i e th century work cons i s ted p r i m a r i l y of 
descr ip t ive studies that provided a h i s t o r i c a l reference for l a t e r 
work. The major r e sea rch e f f o r t in the wetland was in d i r e c t 
response to hydrologic d i s t u r b a n c e s a s soc ia t ed with i n d u s t r i a l 
development ad jacent to the s i t e in the 1960s and 1970s. Geo-
hydrology, su r face-wate r hydrology, water chemis t ry , s o i l 
chemistry, s t ra t igraphy, plant ecology, and animal ecology studies 
were a l l i n i t i a t e d a t t h a t t ime. These s t u d i e s were continued 
af ter the indus t r i a l threa ts had lessened in an effort to be t ter 
understand the wetland and ensure wise management of i t s r e ­
sou rces . The s t u d i e s a l s o provided a framework for research on 
the deve lopmenta l h i s t o r y of the wetland and i t s v e g e t a t i o n . 
Paleoecology, sedimentology, and remote sensing studies were added 
to the o v e r a l l research e f f o r t to he lp d e l i n e a t e t ha t h i s t o r y . 
The many d i sc ip l ines used in the study of Cowles Bog were in te r ­
r e l a t e d , and each provided information necessary for accura te 
in terpre ta t ion of r e s u l t s from other s tudies . 

INTRODUCTION 

Wetland ecology encompasses a var ie ty of sc ien t i f i c d i s c i ­
p l ines . Research prac t i t ioners may focus on studies of plant or 
animal communities, selected taxa, endangered species, hydrology, 
s o i l or water chemistry, geologic se t t ing , or spec i a l t i e s such as 
pa l eoeco logy , seed bank a n a l y s e s , or remote sens ing . These 
studies may r e s u l t in s ignif icant gains in knowledge within thei r 
own special ized f i e l d s , but they w i l l not r e s u l t in a reasonable 
unders tanding of the many func t ions and processes of wet lands 
u n l e s s they are i n t e r p r e t e d t o g e t h e r . Unfor tuna te ly , time and 
monetary const ra ints usual ly do not allow the luxury of possessing 
a l l of the i n t e r d i s c i p l i n a r y data necessary to draw comple te ly 
accurate conclusions. As a r e s u l t , management recommendations and 
d e c i s i o n s must often be made with a far- f rom-complete data s e t , 
and research and management personnel may lose sight of the value 
of gathering data from mult iple d i sc ip l ines . 

'National Park Service, Indiana Dunes National Lakeshore, 1100 N. 
Mineral Springs Rd., Porter, Indiana 46304 

Present address : U. S. Fish and W i l d l i f e S e r v i c e , Nat ional 
Fisheries Research Center-Great Lakes, 1451 Green Road, Ann Arbor, 
Michigan 48105 
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The purpose of t h i s paper i s to i l l u s t r a t e the va lue of an 
in te rd i sc ip l inary data set by presenting a history of the research 
conducted in the Cowles Bog V/etland Complex (CBWC). The s i t e has 
h i s t o r i c a l significance, a recent, controvers ia l p o l i t i c a l signif­
icance, and a strong record of sc ien t i f i c research in a number of 
d i sc ip l ines that makes i t one of the more well-studied peatlands 
in the Great Lakes region. 

STUDY SITE 

The Cowles Bog Wetland Complex i s a mixture of wetland and 
pea t l and communities t h a t occupies approximately 80 ha of the 
basin between the Calumet and Tolleston dunes on the south shore 
of Lake Michigan in Por t e r County, Indiana (Reshkin, 1981). This 
interdunal wetland was included within the boundaries of Indiana 
Dunes National Lakeshore by the 1966 park-authorizing l eg i s l a t i on , 
and a 22 ha peatland within the wetland was designated a National 
Natural Landmark in that same year. Cowles Bog is more properly 
termed a " r ich fen" (S jo r s , 1950) or "spr ing mire" (Moore and 
Bellamy, 197*0 because i t s major source of water i s a h igh ly 
mineralized, ar tesian flow of ground water (Wilcox §_t aj^., 1986). 
The upwel i ing of ground water caused a peat mound to form in the 
wetland, and the local hydrologic conditions have been correlated 
to the development of the vege ta t ion types within the wetland 
(Wilcox et_ a_l., 1986). The vege ta t ion types a r e : Typha marsh, 
Phragmites/Typha marsh, Carex/Ca l amagros t i s marsh, shrub swamp, 
Larix l a r i c i n a swamp , Thuja o c c i d e n t a l i s swamp, and Acer rubrum 
swamp (Figure 1 ). 

HISTORY OF RESEARCH IN THE COWLES BOG WETLAND COMPLEX 

Ear ly S t u d i e s 

Professor Henry Chandler Cowles of the University of Chicago, 
often ca l l ed the father of plant ecology in North America, led his 
c l a s s e s as we l l as the 1913 I n t e r n a t i o n a l Phytogeographic 
Excursion (Tansley, 1913) to the s i t e that was then ca l led Cowles 
Tamarack Swamp (Brennan, 1923; Lyon, 1927; Pepoon, 1927). Herman 
Kurz, one of Cowles' graduate students, conducted research on the 
r e l a t i o n s h i p s between vege ta t ion and pH in the wetland (Kurz, 
1923, 1928) and was the f i r s t to use the term "Cowles Bog" in h i s 
publ ished s t u d i e s . E a r l j d e s c r i p t i o n s of the wetland were 
publ ished by Tansley (1913), Bai ley (1917), Brennan (1923), Lyon 
(1927), and Cressey (1928). During t ha t time per iod , much of the 
non-forested wetland was dominated by a sedge-grass association, 
and c a t t a i l s (Typha) were not widespread. Grass-shrub-herb 
a s s o c i a t i o n s and shrub a s s o c i a t i o n s graded to swamp f o r e s t s 
con ta in ing tamarack (Larix l a r i c i n a ) , red maple (Acer rubrum), 
white pine (Pinus s t r o b u s ) , ye l low b i rch (Betula l u t e a ) , and 
northern white cedar (Thuja occidenta l is ) . The ear ly descriptions 
of Cowles Bog provided a re ference from which to a s se s s changes 
that would r e su l t from continued development of the region by man. 
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Figure 1. Map of Cowles Bog National Natural Landmark (adapted from 
Wilcox et al., 1986). 



Environmental Impact Studies 

Following the ear ly a c t i v i t y , very l i t t l e work was done in 
the CBWC u n t i l the mid-1970s when the wetland was threatened by 
actions associated with nearby indus t r i a l development. Specific­
a l l y , a coal-f i red generating s ta t ion was constructed about 2 km 
west of the wetland in the mid 1960s, and fly-ash s e t t l i n g ponds 
were constructed within 0.7 km of the wetland. S t i l l other ponds 
were constructed adjacent to the CBWC as future storage s i t e s for 
f ly ash dredged from the s e t t l i n g ponds. Seepage of water through 
the sand d ikes of the ponds r a i s ed the water l e v e l s in adjacent 
wet lands of the park and a l s o posed the t h r e a t of contamination 
from chemical const i tuents that leached from the f ly ash. 

In the mid-1970s, construction began on a nuclear power plant 
a t the same i n d u s t r i a l s i t e . The excava t ion for the b u i l d i n g 
foundation was dug deeper than the ground-water t ab le at the s i t e , 
so dewatering or pumping of water from the excavation was required 
to keep i t dry. This ac t i on would c r e a t e a l o c a l d e c l i n e in the 
water tab le and posed the threat of lowering ground-water l e v e l s 
in the park. Neither a c t i o n , f lood ing nor dewater ing, was 
acceptable to the National Park Service (NPS), an agency charged 
with preserving the natural character of the land. Studies were 
therefore in i t i a t ed to determine the magnitude of the actions on 
water l e v e l s in the park and to learn more about the wetlands so 
that the impacts of water - leve l changes could be assessed. 

The i n i t i a l e f f o r t s to study water l e v e l changes were 
con t rac ted out by the power company and invo lved monitoring of 
surface-water l e v e l s in the f ly-ash ponds, intradunal ponds, and 
the CBWC, ground-water l e v e l s in a smal l number of obse rva t ion 
w e l l s , and d a i l y p r e c i p i t a t i o n records (Texas Ins t ruments 
Eco log i ca l S e r v i c e s , 1974-1981). The U.S. Geologica l Survey 
(USGS) was contracted by the NPS to develop a computer simulation 
model that would predict the amount of water - level change due to 
the dewatering a c t i v i t i e s . The boundaries of the two-dimensional 
model of the sur face aqu i fe r t h a t was developed (Marie, 1976) 
inc luded the western por t ion of the CBWC, but the study did not 
provide very much information re la ted d i r ec t l y to the wetland. 

The i n i t i a l s tudies to gather basel ine ecological data in­
cluded b io logica l surveys by Texas Instruments Ecological Services 
(1974-1981) for vegetation, mammals, b i rds , r e p t i l e s , amphibians, 
and i n v e r t e b r a t e s . A USGS study of water chemistry in the park 
(Arihood, 1975) reported values from the CBWC that would c lass i fy 
the pea t l and as a r i ch fen ( s p e c i f i c conductance, 387 >uS/cm; pH, 
7.4; a l k a l i n i t y , 176 mg/L as CaCOo; ca lc ium, 43 mg/L; magnesium, 
19 mg/L). C l a s s i f i c a t i o n as a fen was fo rma l ly given by Car ter 
and S to t t l emyer (1978) in t h e i r e c o l o g i c a l assessment of the 
wet land. They e s t a b l i s h e d 3 t r a n s e c t s ac ross the CBWC and 
described vegetation, s o i l mater ia ls , and general hydrologic con­
d i t i o n s in an at tempt to p r e d i c t the e f f e c t s of w a t e r - l e v e l 
changes on the wetland vegetation. 
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Boelter (1978) conducted somewhat more-detailed s t ra t igraphic 
s t u d i e s a long one of the t r a n s e c t s e s t a b l i s h e d by Car te r and 
Stottlemyer. He assessed the types of peat materials encountered 
and made note of the presence of s h e l l layers and marl deposits. 
He repor ted the presence of a peat mound in the wetland and 
specu la ted on the deve lopmenta l h i s t o r y of the e n t i r e wetland 
bas in , a process t h a t i nvo lved major changes in water l e v e l s 
through t ime. Boe l t e r a l s o c l a s s i f i e d Cowles Bog as a fen and 
pointed out the importance of ground-water flow to the system. 
Soil chemistry analyses of samples col lec ted along 2 of the Carter 
and Stottlemyer t ransects showed elevated l e v e l s of boron, iron, 
strontium, zinc, aluminum, and sulfur that were speculated to be 
of indus t r i a l origin (Patterson and Fenn, 1978). 

A more-sophisticated, three-dimensional model for predicting 
w a t e r - l e v e l changes a s soc ia t ed with construction dewatering was 
developed by the USGS (Meyer and Tucci , 1979) in response to 
changes in the dewatering plans . The new model a l so simulated the 
e f f e c t s of h a l t i n g seepage from the f l y - a s h s e t t l i n g ponds (in 
response to an agreement between the Department of the I n t e r i o r 
and the power company to s e a l the ponds). The e n t i r e CBWC was 
included within the boundaries of the new model, which considered 
flow in 2 main aquifer units—the su r f i c i a l water-table aquifer 
and a lower confined aquifer. The modeling study u t i l i zed water-
l eve l measurements from a ser ies of observation wel ls around the 
CBWC area and generated considerable hydro logic data. The model 
predicted that water l e v e l s in the surface aquifer at Cowles Bog 
could d e c l i n e by as much as 1 foot (30 cm) when the f l y - a s h 
s e t t l i n g ponds were sealed, and that construction dewatering for 
the nuclear power plant would have l i t t l e effect on the Cowles Bog 
Wetland Complex. 

A s t r a t i g r a p h i c c r o s s - s e c t i o n of the CBWC showing g r e a t e r 
de t a i l than Boelter 's (1978) work was prepared by Hendrickson and 
Wilcox (1979)- They f i r s t reported the clay layer that confines 
the deeper aqu i fe r in Cowles Bog and a l s o repor ted t ha t w e l l s 
screened in sands beneath the peat mound flowed a t the peat 
su r f ace . The flowing w e l l s ind ica ted t h a t the re was a d i scon­
t i n u i t y in the c l a y c o n f i n i n g - l a y e r beneath the mound. More 
e x t e n s i v e c o l l e c t i o n s of water chemistry data u t i l i z e d boron 
c o n c e n t r a t i o n s to t r a c e waters from the f l y - a s h s e t t l i n g ponds 
in to the southern p a r t of the CBWC. Water chemistry data a l s o 
confirmed the c l a s s i f i ca t ion of the peatland as a rich fen (mean 
specific conductance, 844 uS/cm; mean pH, 7.14; mean a l k a l i n i t y , 
404 mg/L as CaCCS; mean ca lc ium, 88.6 mg/L; mean magnesium, 52.6 
mg/L). The vege t a t i on was found to be c h a r a c t e r i s t i c of a fen, 
a l so . 

Fur the r changes in the c o n s t r u c t i o n dewatering p l ans were 
made in 1979 t h a t included an a r t i f i c i a l ground-water recharge 
system in the sur face aqu i fe r and pumping of water from the con­
fined aqu i fe r beneath the c o n s t r u c t i o n s i t e . These changes, 
coupled with the knowledge that the confined aquifer was breached 
beneath the peat mound of Cowles Bog, prompted fu r the r USGS 
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computer-model simulations to determine the effects of dewatering 
on the CBWC ( G i l l i e s and Lapham, 1980). The new s imu la t ions 
predicted that water l e v e l s in the surface aquifer could decline 
by as much as 0.7 f ee t (21 cm) a t the Cowles Bog peat mound under 
the new plans. 

The f i n a l chap te r s on the d i r e c t impacts of power p l a n t 
operations on the CBWC were studies by Hardy (1981) on the effects 
of f l y - a s h seepage on water q u a l i t y and by Cohen and Shedlock 
(1986) on the changes in water l e v e l s and water qual i ty following 
t e rmina t ion of the seepage in 1980. Const ruct ion a c t i v i t i e s a t 
the nuclear p lant s i t e were terminated in 1981 by cancel la t ion of 
the project . 

Recent Ecological Studies 

The modern f l o r i s t i c composition of the CBWC was reported by 
Wilhelm (1980) and surveys for th rea tened and endangered p l a n t 
spec ies were conducted by Bowles e_t a_l. (1984, 1986). Fur ther 
surveys of vegetation, small mammals, and birds were conducted by 
Apfelbaum et_ a_l. (1983), and Titlow (1986) mapped the vegetation 
types in the CBWC through p h o t o i n t e r p r e t a t i o n , according to the 
c l a s s i f i ca t ion scheme developed and used for the ent i re park. 

Remote sensing was a l s o u t i l i z e d by Wilcox e t a l . (1984) to 
ana lyze vege t a t i on changes in the CBWC through t ime. Four major 
v e g e t a t i o n types were mapped from b l a c k / w h i t e and c o l o r a e r i a l 
photographs in each of 9 years between 1938 and 1982. The 
r e s u l t s , replacement of l a r g e a reas of sedge /g rass meadow by 
c a t t a i l marsh, were compared to the hydrologic disturbance history 
of the wetland. Elevated and s tab i l i zed water l e v e l s in the CBWC, 
associated with the construction of one of the diked ponds by the 
power company, were concluded to be the main factors contributing 
to the invasion of c a t t a i l s . 

Add i t iona l s t r a t i g r a p h i c , hydro log ic , water chemistry, and 
vegetation studies in Cowles Bog were conducted in the ear ly 1980s 
through the cooperative effor ts of the NPS and the USGS. Detailed 
topographic and s t ra t igraphic maps of the wetland further defined 
the na tu re of the peat mound, the a r t e s i a n water supply was ex­
p l a ined by the s t r a t i g r a p h y , water chemistry d i f f e r ences were 
explained by hydrologic data, p lant species composition was r e ­
lated to water chemistry, and vegetation pat terns were related to 
water l e v e l s / h y d r o l o g y / t o p o g r a p h y . The information obtained in 
these s t u d i e s was a l s o c o r r e l a t e d to changes in Lake Michigan 
water l e v e l s over the past 6000 years, and a reasonably-informed 
hypothesis of the sequence of events that led to formation of the 
wetland was developed (Wilcox §_t a_l., 1986). S t i l l fu r the r 
s t u d i e s of r e g i o n a l geology and hydrology formed the bas i s for 
unders tanding the r e g i o n a l ground-water flow system that causes 
the a r t e s i a n flow of water to Cowles Bog (Shedlock, Wilcox, and 
Thompson, in review). 

Other studies have provided great insight into the develop­
mental h i s t o r y of the CBWC. Sedimentology s t u d i e s by Thompson 
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