Ecosystem function and restoration in the Cache River Bioreserve, lllinois

Final Report to IDNR, July 1996- June 1997

Beth Middleton, Ph.D.
411 Life Science I, Department of Plant Biclogy
Southern lllinois University
Carbondale, lllincis 62801-6509
Phone: 618-453-3216 Sabbatical Phone: 618-457-6760
E-mail: bmiddleton@plant.siu.edu

lllinois Department of Natural Resources
524 South Second Street
Springfield, lllincis 62701-1787

July, 1997



ABSTRACT

The main purpose of this grant was to give undergraduate students
research experience via ongoing studies of cypress swamps in southern lllinois.
The research was on a riverine system with altered hydrology, Buttoniand
Swamp, where sedimentation and protracted periods of inundation have the
potential of disrupting the regeneration of cypress swamp species. To explore
this idea, seed banks and seedlings from Buttonland Swamp were exposed to
various levels of water depth and sedimentation. In the experiment, the highest
number of seedlings germinated from seed banks which were not exposed to
either inundation or sediments (58 seedlings m?). Seed germination was very
limited by even low amounts of sediment (0.01-2 cm sediment depth). Cypress
seedlings were limited more by water depth than by sedimentation. Survivorship
of seedlings was reduced if overtopped by water (0% survivorship) but survived
for the most part when exposed to sediment. However, if cypress seedlings
were exposed to 15 cm of sediment under 10 cm of water or more, these d_ied
(0% survivorship). All experiments of seedlings conducted in the field failed
either due to transplant shock or interference by raccoon. Overall these studies
supported on-going studies showing that regeneration in Buttonland Swamp can
only occur at the highest elevations of winter flooding. This research parallels
the findings of other studies of forested wetlands with altered hydrology in the

southeastern and western United States.



INTRODUCTION

Undergraduate Activities

The primary purpose of this grant was for the training of undergraduate
students through their participation in the research related to ongoing studies of
the relationship of cypress swamp regeneration to sedimentation and hydrology.
Undergraduate students involved in the research activities this year including
Melissa Rice, John Rivera, Jennifer Wright, Melanie Roffel, Terry Miller and
Beth DeGrauwe. All of these students were involved in various aspects of the
field and laboratory activities including the set up and monitoring of the seedling,
soil and seed experiments. Melissa and Melanie also worked with data analysis

via entering data and calculating means.

Sedimentation Studies

Sedimentation is a normal part of stream dynémics. Qver time, stream
meandering occurs in concert with sediment deposition patterns (Schumm 1969)
and vegetation will colonize on these abandoned meanders (Shankman 1991;
Shankman 1993; Shankman and Drake 1990; Shankman and Pugh 1992). In
unaltered riverine systemé, jams in the river created by woody debris and
sediments can create new colonization sites for forest species on the
downstream edge of new point bars in free-flowing rivers (Abbe and Montgomery
1996) and the new vegetation consequently influences geomorphological

proceses in the stream (Gregory 1992).



However, around the world, sedimentation levels can be quite high where
the stream channei has been altered by channelization (Brookes 1985; Regier ef
al. 1989; Sengupta 1995) or damming (Cairns and Palmer 1993; Hickin 1983,
National Research Council 1992; Petts 1984; Shuman 1985), and also where
land use practices in the region have shifted to agriculture (Karr and Schlosser

1977) or logging (Maki et al. 1975).

Study Site

Buttonland Swamp is a remnant swamp along the Lower Cache River
near Perks, lllinois (Fig. 1; 37°17'50"N; 89°03'10"E). Before the alteration of the
region by logging and agriculture (Wichmann 1996), much of southern lllinois
was an extensive mosaic of cypress and mixed hardwood swamp of 250,000
hectares (Ugent ef al. 1981).

Water flow patterns were greatly altered in Buttonland Swamp when water
was diverted upstream from the Cache to the Ohio River via the Post Creek
Cutoff in 1916, leaving only Cypress and Big Creek as water sources for the site
(Demissie et al. 1990). In Buttonland Swamp, annual sediment deposition in
1963 ranged from 0.3-2.8 cm (Fig. 2; Demissie et al., 1990). The Diel Dam, a
low channel-head dam was built in 1982 (Muir ef al. 1995). Buttonland Swamp
is now continuously impounded with regeneration of trees of cypress swamp
species only in the zone between the highest elevation of the flood sheet and

extended summer drawdown (Middleton 1995a).



The objective of the study (beyond the training of undergraduate
students) was to examine the relative effects of sedimentation and water depth

on seed germination and seedling establishment.



METHODS

Seed Banks, Sedimentation and Hydrology

In spring, 1996, soil was collected from random locations in Buttonland
Swamp using a post hole digger from a canoe. The soil was transported to the
greenhouse of the department of Plant Biology. Soil was evenly divided into 5
trays (30 x 30 cm) per treatment and then assigned to treatment blocks within
tanks in the greenhouse. The treatment combinations included water depths of
0, 5, and 20 cm and sediment depths of 0, 0.01, 1 and 2 cm. Sterilized sediment
was manufactured by pressure steaming swamp soil for several hours.

Seedlings emerging from the seed bank were recorded for one year.

Seedlings, Sedimentation and Hydrology

Greenhouse Study

Seedlings were grown from seed and transplanted into pots in March
1996. Five seedlings were subjected to treatment combinations of three water
depths including freely drained, flooded and overtopped by water (0, 10 and 20
cm, respectively) and sediment depths including O, 7.5 and 15 cm of sail.
The survival of the seedlings was followed for several months following the water

and sediment treatments.



Field Study

In September 1996, seediings in the field on the edge of Buttonland
Swamp near Crawford Tract were selected for the study which were growing at a
winter flood elevation. Seedlings in five blocks were treated with sedimeht in-
situ by carefully surroﬁnding them with a PVC pipe and filling the pipes to 3
sediment depths including 0, 7, 15 cm of soil. Seedlings were also monitored
which were not surrounded by PVC pipes.

After 1 month, all of the PVC pipes had been knocked over by raccoon.
The experiment was abandoned because we couid not think of a way to keep the
raccoon away from the PVC pipes without constructing a very large and
obtrusive exclosure.

Note that in the previous fall (October 1995), another field experiment was
attempted where we transplanted 5 replicate cypress seedlings at four
elevations, and subjected them to either 0 or 7.5 cm of sediment burial. This
study also failed because the seedlings succumbed to transplant shock. No
seedling at any elevation revived after the winter. Some of the seedlings which
had been subjected to sedimentation lived for several months. All of the

seedlings placed underwater died within the first month.



FINDINGS

Seed Banks, Sediment and Water Depth

World-wide studies of wetland seed banks have demonstrated that the
seeds of emergent and tree species typically do not germinate underwater
(Fowell 1965; Leck 1996; Leck and Graveline 1979, Leck and Simpson 1987;
Leck and Simpson 1995; Mattoon 1915; Middleton 1995a; Middleton 1995b;
Middleton 1996; Middleton ef al. 1991; Newling 1993; Parker and Leck 1985;
Thompson 1992), so that drawdown is essential in the regeneration of species
(Keddy and Reznicek 1986; Middleton 1995a; Middleton 1935b; Middleton 1996;
van der Valk 1988; van der Valk and Davis 1978).

However, fewer studies have examined the role of sedimentation on
seedling emergence from seed banks. Sedimentation reduced the number of
seedlings emerging from the seed banks of freshwater wetlands in Alaska (van
der Valk et al. 1983) and from along the Delaware River (Leck 1996). In
general, the smaller the seed, the more readily it is affected by the depth of soil
burial (Leck 1996).

In this study, the highest numbers of seedlings emerged if not treated with
either sediment or inundation (58 seedlings m?; Figure 3). Seedling emergence
from the seed bank was greatly reduced when submerged in any depth of water
(< 3 seedlings m?). In the absence of water, sediment depth also reduced

seedling emergence from the seed bank.



Seedlings, Sediment and Water Depth

Seedlings are a critical stage in the regeneration of emergent and tree
species, and are slightly more flexible in their tolerance of water depth than
seeds (Middleton 1996). Cypress seedlings typically can withstand periods of
inundation, so long as the tips of the seedlings are emerged from the water
column (Demaree 1932; Mattoon 1916). Most other species of bottomland
hardwood forest tend not to be as tolerant of submergence (Dickson ef al. 1965;
Hosner and Boyce 1962; Whitlow and Harris 1979).

Very few studies of the effects of sedimentation and water depth on
seedling survival have been conducted, though such studies are essential_ in the
understanding the dynamics of tree regeneration in swamps. In this study, water
at depths overtopping the seedlings killed the seedlings regardiess of sediment
depth (0% survival, Figure 4). However, in the deepest sediment treatment (15
cm), seedlings had a lower survival rate at all water depths (0-20 cm; 0-60%
survival; Figure 4).

These greenhouse studies match the field observation that no
regeneration of the tree species of cypress swamps is occurring in Buttonland
Swamp below the elevation of permanent flooding. In the spring and summer,
seeds germinate in the drawdown zone along the upper elevation of winter
flooding (Middleton 1995a). Because the lower portions of this zone refloods
during the growing season, cypress seedlings survive only at the highest
elevations corresponding to the upper edge of the flood pulse (approximately

101.8785 m msl; Middleton, unpublished).



These findings are similar to those of other altered riverine systems in
North America. Cypress swamps tend to regenerate only along the upper
elevations of impounded swamps (Klimas 1987). Similarly, cottonwood forests
regenerate only in a narrow band along rivers with altered hydrology in Montana
(Scott ef al. 1993a; Scott ef al. 1993b). The hydrologic conditions imposed by
flood pulsing is an essential component of regeneration in cypress swamps
because of the narrow life history tolerances of seeds and seedlings (Middleton

1995a).
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Figure Captions

Figure 1. Location of Crawford Tract in Buttonland Swamp near Perks, lllinois.
Figure 2. Sedimentation rates in Buttonland Swamp in 1963 (redrawn from
Demissie et al., 1992).

Figure 3. Seedling emergence m? from the seed banks of Buttonland Swamp
exposed to various sediment (0, 0.01, 1, 2 cm) and water depths (0, 5, 20 cm) in
the Plant Biology greenhouse, Southern lllinois University at Carbondale. |
Figure 4. Cypress seedling survival following sedimentation (0, 7.5 and 15 cm)
and submergence (freely drained, flooded and overtopped; 0, 10 and 20 cm,
respectively). Study conducted in the Plant Biology greenhouse, Southern

IHinois University, March 1996-March 1997.
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