
Response variable DF F-value P-value

May
  Carp (present or absent) 1 137.4 <0.0001

  Seed (seeded or not seeded) 1 138.2 <0.0001
  Carp !  Seed 1 138.2 <0.0001

July
  Carp (present or absent) 1 81.6 <0.0001

  Seed (seeded or not seed) 1 79.7 <0.0001
  Carp !  Seed 1 79.7 <0.0001
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Introduction
Upper Clam Lake is a large shallow waterbody in northwest Wisconsin (500
ha; mean depth 2 m). Until recently, the lake supported vast areas of northern
wild rice (Zizania palustris L.) and was consistently one of the richest
sources of harvested northern wild rice in Wisconsin (Figure 1).

From 2007 through 2010, wild rice in the lake declined dramatically from
120 ha of lush rice growth in 2006 to only 25 ha of very sparse growth by
2010 (Figure 2a,b). Harvest records from the lake similarly show a dramatic
decline in rice, dropping from an average annual harvest of 1400 kg over the
15 years prior to 2007, to zero kg in all years from 2007 to 2010.

The decline of rice in Upper Clam Lake coincided with a documented
increase in common carp (Cyprinus carpio). A 2009 fish survey indicated a
very successful hatch of carp in 2005, with high survival in subsequent years.

In 2010, we initiated a study to determine:

(1) whether direct carp effects (herbivory and uprooting) were
      reducing rice in the lake

(2) whether the abundance of wild rice seeds remaining in lake
      sediments was sufficient to support rapid recovery of rice beds

           in the absence of carp.

Results
In both May and July, we found lush wild rice growth in the
fence+seed plots at all three sites (>100 stems/m2), with very
little rice in open plots or non-seeded plots (<1 stem/m2; Figures
4 and 5). ANOVA results indicated that in both May and July,
wild rice stem density in the study plots was significantly
affected by both carp (P < 0.0001) and seeding (P < 0.0001), but
with significant interaction between carp and seeding (P <
0.0001; Figure 5 and Table 1). Post hoc SNK tests indicated that
mean stem density in the fence+seed plots was greater than in
all other plots (P < 0.01) in both May and July. By contrast, post
hoc tests comparing other plot treatments indicated that there
was no difference in mean stem density between the open plots
(seeded/non-seeded; P > 0.05), or between non-seeded plots
(fenced/open; P > 0.05). Not surprisingly, seed-head production
was also affected by carp and seeding. With the exception of
one rice seed-head found in a fenced, non-seeded plot, all other
seed-heads (! 2000 total) were found in the fence+seed plots.

Discussion
Our study clearly showed that direct carp effects severely
limited wild rice survival, growth, and reproduction in Upper
Clam Lake. Furthermore, the high survival and growth of rice in
the fence+seed plots, which were subjected to the same water
conditions as the other plots, suggested that indirect carp effects
(increased turbidity and nutrients) did not substantially impact
wild rice in our study plots. Previous studies have similarly
shown that abundant carp can severely reduce submersed
aquatic vegetation in shallow areas through direct uprooting or
herbivory (Cahn 1929; Crivelli 1983; Evelsizer and Turner 2006;
Miller and Crowl 2006; Bajer et al. 2009). Our findings strongly
suggest that although wild rice is an emergent plant, its survival
and growth can be severely reduced by direct carp effects.

Our study also showed that the abundance of wild rice seeds
remaining in sediments of Upper Clam Lake from past years
was not sufficient to produce substantial rice growth in the
absence of carp, as indicated by the lack of rice growth in
fenced non-seeded plots. Previously conducted sediment seed
enumeration surveys similarly showed that there were very few
wild rice seeds remaining in the sediments of Upper Clam Lake
in the spring of  2010.

Collectively, these findings suggest that restoration of wild rice
stands in Upper Clam Lake will require (1) a dramatic reduction
of carp abundance to less than ! 30 kg of carp/ha (Bajer et al.
2009), and (2) manual seeding of near-shore areas. Furthermore,
our findings suggest that neither of these strategies alone would
result in a rapid recovery of rice beds in Upper Clam Lake.
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Study Design & Methods
We selected three study sites in shallow, near-shore areas of Upper Clam Lake that had supported stands of wild
rice in years prior to 2007 (Figure 3). At each of these sites, we identified a 50-m transect with uniform water
depth (<1 m) and sediment texture (soft organic). Along each of these transects, we randomly placed 2 fenced
carp exclosures (3.5 !  3.5 m; 2.5 !  5 cm wire mesh) and 2 open plots (3.5 !  3.5 m), maintaining a distance of
roughly 10 m between plots (Figure 3). At each site, we randomly selected one fenced and one open plot for
manual seeding with wild rice (300 kg seed/ha). The remaining plots at each site served as non-seeded controls.

We conducted non-destructive stem counts (0.1-m2 quadrat) within each plot (N=9) in late May when rice plants
were in the floating-leaf stage, and in late July when the plants were in the emergent growth-form. Differences in
mean stem density among plots were evaluated using a randomized complete block design ANOVA, with
subsequent post hoc comparisons of treatments with Student-Newman-Keuls (SNK) tests.
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Table 1.  Randomized complete block design ANOVA results for May and July wild rice stem density
(stems/m2) in study plots. Comparison of carp (present or absent) and seed (seeded or non-seeded)
as fixed effects, with site location (A, B, or C) as a random (block) factor.

Figure 1. Wild rice in Upper Clam Lake, 2006.
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Figure 5. Mean wild rice stem density (stems/m2) in Upper Clam Lake study plots observed on
May 27 and July 21, 2010. Vertical bars represent +1SE. Plot treatments: ÒFenceÓ denotes plots
where carp were excluded, ÒOpenÓ denotes plots where carp were allowed, and Ò+ SeedÓ denotes
plots that were manually seeded.

Figure 4. Wild rice growth in Upper Clam Lake study plots at each site (A, B, and C; July 21, 2010).
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