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Abstract

We evaluated the effects of revegetation techniques on breeding bird communities in a bottomland hardwood forest
impacted by thermal effluent. In 1993, sections of the Pen Branch bottomland on the Savannah River Site, South
Carolina, were herbicide-treated (glyphosate), burned, and planted; other sections were planted only while others were ‘ \
unaltered and served as controls. Few differences in the avian community occurred at [ and 2 years post-treatment
among treatments. Plots that were herbicide-treated, burned, and planted had greater speciesrichnessin 1994 and
abundance in 1995 than sections that were planted only (P < 0.05). Bird species composition differed slightly among
treatments and White-eyed Vireos (vireo griseus), Common Y ellowthroats (Geothlypis trichas), Indigo Buntings
(Passerina cyanea), and Red-winged Blackbirds (Agelaius phoeniceus) were the most abundant species in the corridor.
Revegetation techniques used to restore this thermally-impacted bottomland had little effect on the avian communi-
ties 1 and 2 years post-treatment. © 2000 Elsevier Science B.V. All rights reserved.
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discharge (Sharitz et al., 1974). Recovery of vege-
tative communities proceeds slowly in forested
wetlands damaged by thermal stress (Dunn and
Sharitz, 1987). Attempts have been made to in-
crease the rate of succession and thus recovery of
riparian forests (Nix and Cox, 1987; Chambers
and Henckel, 1989). However, results have been
inconsistent and the process is slow and expensive
(McKelvin, 1992). Nevertheless, revegetation of

damaged bottomlands can improve habitat for a

wide range of wildlife.

Late-successional bottomland hardwood forests
are important to many species of birds, especialy
neotropical migrants and forest interior species
(Harris, 1989). Bird density and diversity are cor-
related positively with structural heterogeneity in
riparian habitats (Swift et al., 1984) and species
diversity generally is highest in late-successiond
habitats (Johnston and Odum, 1956; Lanyon,
1981) such as mature bottomland forests (Zim-
merman and Tatschl, 197.5; Dickson, 1978). We
evaluated the impacts of various revegetation
techniques on the breeding bird communities as-
sociated with a bottomland hardwood forest de-
forested by thermal effluent.

2. Study site

This study was conducted on the US Depart-
ment of Energy’s SRS. This 78 OOO-ha facility is
located in Aiken, Allendale, and Barnwell Coun-
ties, SC, USA. The principal forested habitats of
SRS are pine (Pinus spp.) stands of various ages
in the uplands and bottomland hardwoods associ-
ated with the numerous creeks that traverse the
site. Several bottomlands received thermal dis-
charge from nuclear reactors from the mid-1950s
until the late 1980s. In 1954, Pen Branch began
receiving regular influxes of thermal effluent from
the SRS’s K reactor (water temperatures > 45°C,
high water levels, and increased sedimentation).
Thermal input ceased in 1988 but high flow rates
continued until August 1993. Before 1951, Pen
Branch was characterized as a closed canopy
forest of bald cypress (Tuxodiurn distichum) and
water tupelo (Nyssa aquatica) dong with other
bottomland hardwood species located in more

well-drained areas (Sharitz et a., 1974). The corri-
dor currently is characterized by a dense black
willow (Salix nigra) and smooth ader (Alnus ser-
rulata) thicket interspersed with grassy openings.

Study plots were established in the Pen Branch
corridor, which ranges in width from 100 to 300
m. The corridor was divided into upper and lower
sections (Fig. 1) based on the hydrology of the
creek (Duloherry et a., 1995). In the upper sec-
tion, three control and three treatment plots alter-
nated along the length of the corridor. Treatment
plots received an agria application of Rodeo™
(glyphosate) at arate of 5.8 1 ha - 'in September
1993 and were burned in late November 1993.
From 27 December 1993 to 4 January 1994, these
treatment plots were planted with swamp chestnut
oak (Quercus michauxii ), cherrybark oak (Q. fal-
cata var. pagodaefolia), water oak (Q. nigra),
water hickory (Carya aquatica), persimmon
(Diospyros virginianu), green ash (Fraxinus penn -
sylanica), swamp tupelo (N. sylvatica var. biflora),
water tupelo and bald cypress seedlings. Addi-
tional seedlings were planted in the winter of
1994-95 and included cherrybark oak, water oak,
water hickory, water tupelo, green ash, shumard
oak (Q. shumardii ), sycamore (Platanus occiden-
talis), and pignut hickory (C. glubra). Control
plots were unaltered.

In the lower section, control and treatment
plots (n = 3) aternated along the length of the
corridor.  These lower treatment plots were
planted in February 1993 with seedlings of swamp
chestnut oak, cherrybark oak, water hickory, wa-
ter tupelo, green ash and bald cypress. An enrich-
ment planting using the same species was
conducted in winter 1994-95, except swamp tu-
pelo replaced swamp chestnut oak. Control plots
were unaltered. Plantings were spaced 3.66 x 3.66
m ( ~ 748 treesha ).

3. Methods

Five times per year from mid-May to late June
in 1994 and 1995, we conducted an avian census
along the creek. We used the fixed-radius (50 m)
point count method (Hutto et a., 1986; Ralph et
a., 1993) to estimate bird abundance, species
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richness, and species diversity in treatment and
control plots. Each of the 12 plots contained one
census point located in the plot center. The census
points were marked with conduit pipe. Censusing
began at sunrise and was completed within 3.5 h.
Ail visua and auditory detections of birds, except
those flying over the site, were recorded for a
period of 5 min from the plot center (Ralph et a.,
1993). Species detected within + 3 min of each
point count period while en route to census points
and species detected outside the census plot were
recorded for inclusion in the species list.
Abundance is reported as mean number of
birds detected per treatment. Species richness is

SI17

mean number of species encountered per treat-
ment. Bird species diversity, reported as mean
diversity per treatment, was computed using the
Shannon-Weaver formula (Shannon and Weaver,
1949). We used one-way analysis of variance to
compare mean hird abundance, species richness,
and diversity among treatments and controls for
each year and Tukey’s test to compare means for
differences («¢ = 0.05). Comparisons within species
among treatments were made if sample sizes were
large (n = 30).

We estimated percent green ground cover, per- |
cent water cover, shrub density, canopy height,
percent canopy closure, and basal area in treat-
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Fig. 1. Map of revegetation treatments in the Pen

Branch corridor, Savannah River Site, SC, 1994-95
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Table 1

Pearson correlation coefficients of habitat characteristics and estimated avian community parameters of Pen Branch, Savannah

River Site, SC, USA, 1994-95

Habitat characteristic Abundance Richness
r P vaues r P vaues

Ground  cover 0.06 0.84 0.45 0.14
Water cover -0.33 0.29 -0.52 0.08
Shrubs per ha -0.14 0.66 -0.49 0.11
Canopy height -0.47 0.12 -0.57 0.05
Canopy  closure -0.70 0.01 -0.81 0.001
Basd aea -0.48 0.12 -0.13 0.68
Vegetation profile (m)

0.0-0.5 -0.36 0.26 0.24 0.46
0.5-1.0 -0.35 0.26 0.29 0.35
1.0-1.5 -0.23 0.47 0.28 0.37
1.5-2.0 -0.43 0.17 0.19 0.56
2.0-2.5 -0.34 0.28 0.18 0.58
2.5-3.0 -0.32 0.32 0.10 0.75

ment and control plots using the methods of
James and Shugart (1970). Vegetative profile was
estimated using a 3-m density board (Nudds,
1977; Noon, 1981) marked in 0.5-m intervals. A
total of 24 habitat plots, two per census point,
were sampled. Estimates of avian community
parameters were correlated with habitat measure-
ments using Pearson’s correlation coefficient.

4, Results

The vegetation of the upper treatments differ-
ent from the rest of the corridor. Most of the
willow and ader in the upper treatments were
dead except along the edge of the waterways.
Most of the dead vegetation remained standing
and dominated these treatment areas. The only
other vegetation that was dive in the upper treat-
ments were a few large trees, new herbaceous
growth, including fireweed (Erechtites hieracifolia)
and grasses, and some hardwood plantings which
were |-2 m tall. There was no canopy in these
areas. The vegetation in the upper controls and all
of the lower section remained a willow/alder
thicket. Mean canopy height in these areas was
8.0 m. There were frequent grassy openings
throughout the corridor, particularly in the lower

section. The hardwood plantings in the lower
treatments were [-2 m tall, and contributed little
to the vegetative structure. Few of the avian and
habitat variables were correlated. Avian abun-
dance and richness were correlated negatively
with canopy closure, and richness was correl ated
negatively with canopy height (Table 1).

There were few differences in the avian commu-
nities among the four treatment groups (Table 2).
In 1994, only species richness differed between
upper treatments and lower treatments. Abun-
dance was greater in the upper treatments than
the upper controls and lower treatments in 1995.
Although not significant in all cases, abundance,
richness, and diversity values generally were
greater in the upper treatments than the other
plots 1 and 2 years post-treatment. None of the
estimated avian parameters differed between the
lower controls and treatments. In both years, the
corridor was dominated by a few species. White-
eyed Vireo (Vireo griseus), Indigo Bunting
(Passerina  cyanea), Common  Yelowthroat
(Geothlypis trichas) and Red-winged Blackhird
(Agelaius phoeniceus). These four species repre-
sented > 70% of al the birds detected each year.
Northern Parula (Parula americana) and Blue-
gray Gnatcatcher (Polioptila caerulea) aso were
common in the corridor.
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There were some individual species differences
among the various treatments, particularly among
the four dominant species. Indigo Buntings were
most common in the upper treatments in both
years dthough only significantly in 1995 (P <
0.05). Although not significant, White-eyed Vireos
were least common in the upper treatments in both
years. Common Y ellowthroats increased in abun-
dance farther downstream, but there was not a
significant difference in their abundance among
treatments. Red-winged Blackbirds were exclusive
to the lower control and treatment plots.

Hooded Warblers ( Wilsonia citrina), observed
on severa occasions in both years, were found
only in the upper control areas. Rufous-sided
Towhee (Pipilo erythrophthalmus) were observed
infrequently and only in upper treatment areas.
Sample sizes of other species were too small to
allow comparisons among treatments, athough
nearly al other species detected were found in
more than one treatment type and were equally
abundant among treatments in which they were
detected.

5. Discussion

During the first 2 years post-treatment, there
was little difference in the avian communities

Table 2

S119

among the treatments. Although upper treatment
plots were herbicide-treated, burned, and planted
with hardwood seedlings, they still possessed verti-
cal structure produced by numerous small snags.
Dead woody vegetation, dense herbaceous growth,
and some relatively large, scattered hardwoods,
such as red maple (Acer rubrum) characterized
these treatments. These dense brushy areas pro-
vided many singing perches and nesting sites.
Indigo Buntings apparently preferred these sites
over the control plots, unlike the White-eyed
Vireos which were more common in the upper
controls and the lower section. The greater abun-
dance of Red-winged Blackbirds in the lower
section versus the upper section likely reflects a
graduad change in the vegetation downstream. The
vegetation there was shorter and there were more
frequent grassy openings closer to the delta of Pen
Branch and the Savannah River. The lower treat-
ment plots and al control plots were nearly indis-
tinguishable because the planted seedlings in the
lower treatments were < 2 years old. Conse-
quently, few differences in the avian community
were observed among these areas. However, avian
communities in the lower treatment plots may shift
dramatically when the planted trees become dom-
inant in the site. A greater change aso is expected
in the upper treatments as snags fall, dead vegeta-
tion decays, and seedlings grow.

Mean abundance, species richness, and diversity of four treatment types in Pen Branch, Savannah River Site, SC, 1994-95

Site Abundance Richness Diversity*
Mean SE Mean SE Mean SE

1994

Upper  control 17.2 2.0 AP 8.8 11 AR 178 0.12 A
Upper  treatment 17.8 1.9 A 11.4 0.7 A 1.84 0.13 A
Lower control 14.4 15 A 8.6 0.8 AB 1.64 0.11 A
Lower  treatment 17.0 1.0 A 7.4 0.7 B 1.57 0.01 A
1995

Upper  control 12.8 13 B 7.6 0.5 A 1.58 0.03 A
Upper  treatment 184 13 A 8.0 0.5 A 1.69 0.11 A
Lower control 16.6 0.7 AB 8.4 0.7 A 1.65 0.06 A
Lower  treatment 134 0.8 B 7.2 0.5 A 1.39 0.09 A

4 Bird species diversity computed using —2. p, log,, p,.

b Means followed by the same letter. within the same column by year, are not significantly different at a = 0.05 (Tukey's

studentized range test).
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The Pen Branch corridor will continue to
change as the vegetation changes. Censusing in
later successional creeks elsewhere on SRS has
provided an index of species expected to occur in
Pen Branch over time (Buffington et a., 1997).
Future censusing in Pen Branch will provide fur-
ther insight into the effectiveness of the various
treatments and will determine if the function of
the corridor as wildlife habitat has been restored.

Acknowledgements

We thank J. Blake and N. Duloherry for logis-
tical support. D.H. White, SH. Schweitzer, and
A.S. Johnson provided advice in producing this
manuscript. Graham Brister provided statistical
suggestions. This study was funded by the United
States Department of Energy, Savannah River
Site, the United States Forest Service, Savannah
River Forest Station Biodiversity Program, the
University of Georgia, and Mclntire-Stennis Pro-
ject GEO-0046-MS.

References

Buffington, JM., Kilgo, J.C, Sargent, RA., Miller, K.V,
Chapman, B.R., 1997. Comparison of breeding bird com-
munities in bottomland hardwood forests of different suc-
cessional stages. Wilson Bull. 109, 314-319.

Chambers, JL., Henckel, M.W., 1989. Survival and growth of
naturad and artificid regeneration in bottomland hardwood
stands after partiad  overstory removal. In: Miller, JH.
(Compiler), Proceedings of the Biennid Southern Silvicul-
tural Research Conference. US Depatment of Agriculture,
For. Serv., Gen. Tech. Rep. SO-74, vol. 5, pp. 277-284.

Dickson, J.G., 1978. Forest bird communities of the bottom-
land hardwoods. DeGraaf, R.M. (Technical coordinator),
Proceedings of the Workshop on Management of Southern
Forests for Nongame Birds. US Department of Agricul-
ture, For. Serv., Gen. Tech. Rep. SE-14. pp. 66-73.

Duloherry, N.J., Bunton, C.S.. Trettin, C.C., McKee, W.H.,
Jr, 1995. Reforestation, Monitoring, and Research a Pen
Branch: Restoring a Thermally-impacted Wetland Forest.

U.S. Depatment of Agriculture, For. Serv., Center for
Forested Wetlands Research, Charleston, SC.

Dunn, C.P., Sharitz, R.R., 1987. Revegetation of a Tax-
odium~Nyssa forested wetland following complete vegeta
tion destruction. Vegetation 72, 151~ 157.

Harris, L.D., 1989. The faunal significance of fragmentation of
Southeastern bottomland forests. In: Hooks, D.D., Lea, R.
(Eds.)), Proceedings of the Symposium on the Wetlands of
the Southern United States. US Department of Agricul-
ture, For. Serv., Gen. Tech. Rep. SE-50, pp. 126- 134.

Hutto, R.L., Pletschet, SM., Hendricks, P., 1986. A fixed-ra
dius point count method for nonbreeding and breeding
season use. Auk 103, 593--602.

James, F.C., Shugart, H.H. Jr, 1970. A quantitative method of
habitat description. Audubon Field Notes 24, 727-736.

Johnston, D.W., Odum, E.P., 1956. Breeding bird populations
in relation to plant succession on the Piedmont of Georgia
Ecology 37, 50-62.

Lanyon, W.E., 1981. Breeding birds and old field succession
on falow Long Isand farmland. Bull. Am. Museum Nat.
Hist. 168, 3-60.

McKelvin, M.R., 1992. Guide to Regeneration of Bottomland
Hardwoods. US Department of Agriculture, For. Serv.,
Gen. Tech. Rep. SE-76.

Nix, L., Cox, SK., 1987. Cherrybark oak enrichment plant-
ings appear successful after seven years in South Carolina
bottomlands. Phillips, D.R. (Compiler), Proceedings of the
Bienniad Southern Silvicultural Research Conference. US
Department of Agriculture, For. Serv., Gen. Tech. Rep.
SE-42, vol. 4, pp. 129-132.

Noon, B.R., 1981. Techniques for sampling avian habitats. In:
Capen, DE. (Ed), The Use of Multivariate Statistics in
Studies of Wildlife Habitat. US Department of Agricul-
ture, For. Serv., Gen. Tech. Rep. RM-87, pp. 42-51.

Nudds, T.D., 1977. Quantifying the vegetative structure of
wildlife cover. Wildl. Soc. Bull. 5, 113-117.

Ralph, C.J., Guepel, G.R., Pyle, P., Martin, T.E., DeSante
D.F., 1993. Handbook of Field Methods for Monitoring
Landbirds. US Department of Agriculture, For. Serv.,
Gen. Tech. Rep. PSW-144.

Shannon, C.E., Weaver, W., 1949. The Mathematica Theory
of Communication. University of Illinois Press, Urbana,
IL.

Sharitz, R.R., lrwin, JE. Christy, EJ, 1974. Vegetation of
swamps receiving reactor effluents. Oikos 25, 7- 13.

Swift, B.L., Larson, JS, DeGraaf, R.M., 1984. Relationship
of breeding bird density and diversity to habitat variables
in forested wetlands. Wilson Bull. 96, 48-59.

Zimmerman, JL., Tatschl, JL., 1975. Floodplain birds of
Weston Bend, Missouri River. Wilson Bull. X7, 1966206.



