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Abstract.--The effects of herbicide-induced changes in wetland emergent vegetation on den- 
sities of territorial male Red-winged Blackbirds (Agelaius phoeniceus), Yellow-headed Black- 
birds (Xanthocephalus xanthocephalus), and Marsh Wrens ( Cistothorus palustris) were assessed 
in northeastern North Dakota. In 1990 and 1991, 23 cattail-dominated wetlands were ran- 
domly assigned to 0% (reference wetlands), 50%, 70%, or 90% areal spray coverages with 
glyphosate herbicide. Two years post-treatment, densities of redwings were higher in the 
reference wetlands (:• = 1.59 ñ 0.24 [SE]/ha) than in the 90% treated wetlands (:• = 0.55 
ñ 0.14/ha, P -- 0.063). Yellowheads were more abundant in reference wetlands (:• = 3.80 
ñ 0.83/ha) than in treated wetlands (:• = 2.05 - 0.40/ha, P = 0.061). Likewise, wrens were 
more abundant in reference wetlands (:• = 2.21 ñ 0.27/ha) than in treated wetlands (:• = 
0.66 ñ 0.13/ha, P = 0.001). Percent coverage of live emergent vegetation (largely cattails, 
Typha spp.) was positively correlated with blackbird and wren numbers (P --• 0.1). Results of 
this study suggest that numbers of these three wetland-dwelling species were limited by al- 
tering cattail density. Staggering vegetation management treatments on large wetland com- 
plexes may help diversify the stages of cattail regeneration and provide heterogenous nesting 
and foraging habitat for these birds. 

Current address: P.O. Drawer FW,, Room 200, Forest Resources Building, Mississippi State Uni- 
versity, Mississippi 39762 USA. 
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RESPUESTA DE AGELAIUS PHOENICEUS, XANTHOCEPHALUS XANTHOCEPHALUS 
Y CISTOTHORUS PALUSTRIS A ALTERACION EN LA DENSIDAD DE ENEAS 
TRATADAS CON YERBICIDAS 

Sinopsis.--Se evalu6 en un anegado de Dakota del Norte, la respuesta de Agelaius phoeniceus, 
Xanthocephalus xanthocephalus y Cistothorus palustris a la alteraci6n de la densidad de eneas 
(Typha spp.) como resultado del tratamiento de esta con yerbicidas. Durante 1991 y 1992 
un total de 23 anegados a los cuales se le asign6 al azar un tratamiento de 0% (grupo 
control), 50%, 70% y 90% de tratamiento, fueron asperjados a6reamente con yerbicida gli- 
cofosfatado. Dos aftos despuGs del tratamiento la densidad de individuos de Agelaius phoen- 
iceus result6 mayor en las fireas controles (• = 1.59 + 0.24 [SE]/ha) queen las localidades 
en donde se asperj6 el 90% del frea (• = 0.55 -+ 0.14/ha, P = 0.063). Por su parte Xan- 
thocephalus xanthocephalus result6 mrs abundante en las freas controles (• + 3.80 - 0.83/ 
ha) queen las/treas tratadas (• -- 2.05 + 0.40/ha, P = 0.061). De igual manera Cistothorus 
palustris result6 mrs abundante en las fireas controles (• = 2.21 - 0.27/ha) queen freas 
tratadas (• = 0.66 - 0.13/ha, P = 0.001). El porciento de cobertura de las eneas correla- 
cion6 positivamente con los nfimeros de Agelaius phoeniceus y de Cistothorus palustris. E1 
resultado de este estudio sugiere que el nfimero de individuos de las tres especies estudiadas 
se limit6 al alterarse la densidad de las eneas. E1 tratamiento de grandes extensiones de 
anegados con yerbicidas muy bien pudiera diversificar las etapas de regeneraci0n de las eneas 
proveyendo entonces un hfbitat heterog•neo para el forrajeo y anidamiento de aves. 

In the northern Great Plains, Common Cattail (Typha latifolia) and 
Narrow-leaved Cattail (Typha angustifolia) have hybridized to produce T. 
X glauca, the most common large hydrophyte in North Dakota wetlands 
(Kantrud 1986). When cattails dominate a wetland by forming dense ho- 
mogenous stands, the abundance and diversity of wetland-dwelling birds 
is reduced (Kantrud 1986, Weller and Spatcher 1965). Moreover, dense 
cattail stands located near grain crops provide ideal roosting locations for 
crop-depredating blackbirds (lcterinae) (Linz et al. 1993). In comparison, 
cattail patches interspersed with open water may benefit wetland birds by 
increasing habitat heterogeneity (Kantrud 1986, Linz et al. 1994, Weller 
and Spatcher 1965) and may deprive blackbirds of essential roost habitat. 

Recognizing that fragmenting dense cattail stands is beneficial for wa- 
terfowl (Kaminski and Prince 1981, Kantrud 1986, Murkin et al. 1982, 
Solberg and Higgins 1993) and may reduce large concentrations of black- 
birds (Linz et al. 1993), wildlife agencies are attempting to manage cattails 
with aquatic herbicides (Baltezore et al. 1994). Quantitative data docu- 
menting the effects of cattail reduction on breeding populations of birds 
are limited, however (Blixt 1993, Kantrud 1986, Linz et al. 1994). 

In this paper, we examine the effects of reducing emergent vegetation 
(i.e., cattails) with glyphosate herbicide on densities of territorial male 
Red-winged Blackbirds (Agelaius phoeniceus), Yellow-headed Blackbirds 
(Xanthocephalus xanthocephalus), and Marsh Wrens (Cistothoruspalustris). 
Our objectives were (1) to compare densities of these three species 
among wetlands treated with various herbicide spray coverages and (2) 
to describe the relationships among bird abundance and various wetland 
habitat variables. 

STUDY AREA AND METHODS 

The study area and methods were previously described by Linz et al. 
(1994). Our study area was located near Lakota, North Dakota (48ø03'N, 
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98ø21'W) in the Northeastern Drift Plains, which is characterized by the 
presence of many shallow basin wetlands (Stewart 1975). 

In 1990, we randomly designated 11 cattail-dominated wetlands as ref- 
erence (n = 3) or treated at 70% (n = 4) or 90% (n = 4) spray coverage 
with aerially applied glyphosate herbicide (Rodeo © formulation, Monsan- 
to Company, St. Louis, Missouri). In 1991, we randomly designated an- 
other 12 wetlands as reference (n -- 4) or treated at 50% (n -- 4) or 70% 
(n = 4) spray coverage with glyphosate. Average size of the 23 experi- 
mental wetlands was 11.6 +_ 1.7 SE ha. 

Treatment wetlands were sprayed in mid- to late July at a rate of 5.8 1/ 
ha of glyphosate. The herbicide was mixed in a 46.7 1/ha mixture con- 
taining surfactant, drift retardant, and water (Linz et al. 1994). The mix- 
ture was applied with a fixed-wing agricultural spray plane in strips that 
were 15-m wide and ran along the long axis of the wetlands (Linz et al. 
1994). 

During 2-18 June, territorial birds were counted on the 23 experimen- 
tal wetlands one time prior to treatment and for 2 yr post-treatment. 
Wetlands were visited in random order between local sunrise and 5 h 

post-sunrise by one or two observers in 1990 and two of three observers 
in 1991-1993. Counts were made by the same pool of three experienced 
observers throughout the study. 

In 1990, the observer(s) slowly walked around the perimeter of each 
wetland and recorded all birds seen or heard. In 1991-1993, we estab- 
lished eight fixed count points at uniform intervals around the perimeter 
of each wetland (Hutto et al. 1986, Linz et al. 1994). The observers walked 
to each count point, waited for 1 min, and recorded all wetland birds 
seen or heard during the next 5 min. Censuses were not conducted in 
persistent rain or winds exceeding 24 km/h. 

Wetland size and coverages of open water, live vegetation (largely live 
cattails) and dead vegetation (largely dead cattails) were determined from 
aerial photographs using Map and Image Processing System software 
(MicroImages, Inc., Lincoln, Nebraska; Homan et al. 1992). Ektachrome 
photographs were used for the 1990 habitat analysis. Live and dead veg- 
etation could not be distinguished on the Ektachrome slides, however. In 
August 1991-1993, color infrared photographs were taken of all 23 test 
wetlands. In 1991, live and dead vegetation could not be distinguished in 
the 1991-treated wetlands because the vegetation had begun to show the 
effects of the herbicide treatment. 

Statistical analyses.--A one-factor analysis of variance (ANOVA) was 
used to compare arcsine-transformed percent coverages of open water 
and vegetation among study wetlands for each pretreatment year (Cody 
and Smith 1991, Montgomery 1991). A two-factor repeated measure 
ANOVA (RMANOVA) was used to test the null hypotheses of no differ- 
ences in percent coverage of open water, live vegetation and dead vege- 
tation among treatments one and two years posttreatment (Cody and 
Smith 1991, Montgomery 1991). 

Redwings, yellowheads, and wrens were chosen as indicator species be- 
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cause of their reliance on emergent vegetation for nesting substrate (Stew- 
art 1975) and because they were present in sufficient densities for mean- 
ingful statistical analyses of abundance. The count data for each species 
were divided by the size of the wetland to obtain the number per hectare 
and transformed using the square root (Montgomery 1991). A two-factor 
RMANOVA was used to examine the null hypotheses that average densi- 
ties of birds counted were similar among treatments. Interaction among 
treatments and year was also tested to examine for differences in trends 
in bird densities between treated and reference wetlands over the 2 yr 
post-treatment period. When a RMANOVA indicated a significant differ- 
ence among treatments, the Student-Newman-Keuls multiple range test 
was used to compare individual pairs of means (Cody and Smith 1991, 
Montgomery 1991). 

We investigated the relationship between the number of birds per hect- 
are of wetland (dependent variable) and percent coverages of water, live 
vegetation and dead vegetation (regardless of treatment) using Pearson 
correlation analysis (Cody and Smith 1991, Montgomery 1991). We set 
the significance level at 0.10 (a pt/oft) because (1) resources were not 
sufficient to increase sample sizes and (2) the consequences of accepting 
false null hypotheses (Type II errors) on populations of birds using wet- 
lands are much greater than if Type I errors (rejecting true null hypoth- 
eses) were made (Tacha et al. 1982). 

RESULTS 

Habitat characteristics.--Before the application of glyphosate, percent 
coverages of open water (k = 15.8 + 3.4 [SE] %) and emergent vegeta- 
tion (k = 84.2 __+ 3.4%) were not significantly different among treatments 
(F = 1.59; df = 3, 19; P = 0.224, Fig. 1). Coverages of open water were 
greater (F = 12.02; df = 1, 19; P = 0.003) 2 yr post-treatment (5: = 33.1 
___ 3.9%) than 1 yr post-treatment (• = 19.9 + 2.9%). Coverages of open 
water did not differ among treatments (F = 1.25; df = 3, 19; P = 0.317), 
however, averaging 26.5 --- 2.6% coverage. 

Coverages of emergent vegetation were greater (F = 9.61; df = 1, 19; 
P = 0.006) 2 yr post-treatment (• = 44.3 ___ 3.9%) than 1 yr post-treatment 
(• = 38.2 --- 5.4%, Fig. 1). In these years, cattail coverages were greater 
(F = 9.16; df = 3, 19; P = 0.001) in reference wetlands (5: = 64.8 + 
3.9%) than in the treated wetlands (• = 31.0 __+ 3.0%). Cattails showed 
a significant interaction between treatments and years, due to the re- 
growth of cattail in the treated wetlands and a decrease of cattail coverage 
in the reference wetlands 2 yr post-treatment (F = 5.10; df = 1, 19; P = 
0.009). 

Coverages of dead vegetation were greater (F = 18.44; df = 1, 19; P = 
0.001) 1 yr post-treatment (5: = 41.8 + 4.6%) than 2 yr post-treatment (5: 
= 22.6 _+ 2.7%, Fig. 1). During the post-treatment years, dead vegetation 
coverages were greater (F = 11.27; df = 3, 19; P = 0.001) in the treated 
wetlands (5: = 39.6 _+ 3.4%) than in the reference wetlands (5: = 15.3 ___ 
2.8%). 
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FIGURE 1. Habitat characteristics of 23 wetlands in northeastern North Dakota randomly 
designated as either treated at 50% (n = 4), 70% (n = 8), or 90.% (n = 4) spray 
coverages with glyphosate herbicide during August 1990 and 1991 or untreated (refer- 
ence) (n = 7). Live vegetation and dead vegetation were not distinguished during the 
pretreatment year. 

Red-winged Blackbird.--Prior to treatment, redwing densities did not 
differ among the four treatments (F = 0.43; df = 3, 19; P = 0.732; Table 
1), averaging 1.42 --- 0.22/ha. Redwing populations were similar across 
post-treatment years ($z = 1.00 _+ 0.11/ha; F = 2.28; df = 1, 19; P = 
0.148). During this time, their densities differed among the four treat- 
ments (F = 2.88; df = 3, 19; P = 0.063), with more birds present in the 

TA•LW 1. Comparison of Red-winged Blackbird densities using wetlands in northeastern 
North Dakota during June, 1990-1993. Wetlands were treated with glyphosate herbicide 
during August 1990 and 1991. 

Glyphosate coverages 

Reference 50% 70% 90% 

(n= 7) (n= 4) (n= 8) (n= 4) 

Year Mean (SE) Mean (SE) Mean (SE) Mean (SE) 

Pretreatment 1.57 (0.52) 0.87 (0.19) 1.42 (0.24) 1.75 (0.79) 
1 yr post-treatment 1.62 (0.26) 0.85 (0.16) 0.96 (0.25) 0.59 (0.23) 
2 yr post-treatment 1.57 (0.42) 0.53 (0.15) 0.77 (0.14) 0.51 (0.19) 
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TABLE 2. Pearson correlations describing the relationship between the density of male ter- 
ritorial birds found in 23 cattail-dominated wetlands in northeastern North Dakota and 

percent coverage of three wetland habitat variables. Wetlands were aerially sprayed with 
glyphosate herbicide in August 1990 and 1991. 

Species 

Years 

post- 
treat- 

ment 

Habitat variable 

Live emergent Dead emergent 
Open water vegetation vegetation 

r P r P r P 

Red-winged Blackbird 1 -0.430 0.040 0.667 0.001 -0.451 0.031 
2 -0.450 0.031 0.590 0.003 -0.134 0.544 

Yellow-headed Blackbird 1 -0.123 0.576 0.204 0.351 -0.200 0.361 
2 -0.054 0.805 0.351 0.100 -0.357 0.094 

Marsh Wren 1 -0.136 0.536 0.463 0.026 -0.480 0.020 
2 -0.171 0.435 0.420 0.046 -0.299 0.166 

reference wetlands (i: = 1.59 _+ 0.24/ha) than in the 90% treated wet- 
lands (i: = 0.55 + 0.14/ha). 

Redwing densities were positively correlated with percent coverage of 
live vegetation during both post-treatment years (r = 0.590-0.667, P = 
0.003-0.001), whereas percent coverage of open water negatively influ- 
enced bird densities during those years (r = -0.430--0.450, P = 0.040- 
0.031, Table 2). Percent coverage of dead vegetation negatively influ- 
enced bird abundance one year posttreatment (r = - 0.480, P = 0.020), 
when peak amounts of dead vegetation were present. 

Yellow-headed Blackbird.--Prior to treatment, yellowhead densities did 
not differ among the four treatments (F = 0.58; df = 3, 19; P = 0.635; 
Table 3), averaging 1.00 + 0.39/ha. Yellowhead populations were similar 
across post-treatment years (i: = 2.58 +_ 0.39/ha; F = 1.99; df = 1, 19; P 
= 0.174) and their numbers were not different among the four treat- 
ments (F = 1.87; df = 3, 19; P = 0.168). Yellowhead densities did differ 
between reference (i: = 3.80 +_ 0.83/ha) and treated wetlands (i = 2.05 
+ 0.40/ha; F = 3.91; df = 1, 21; P = 0.061), however. 

One year post-treatment, yellowhead densities were not correlated with 

TABLE 3. Comparison of Yellow-headed Blackbird densities using wetlands in northeastern 
North Dakota during June, 1990-1993. Wetlands were aerially treated with glyphosate 
herbicide during August 1990 and 1991. 

Glyphosate coverages 

Reference 50% 70% 90% 
(n= 7) (n= 4) (n= 8) (n= 4) 

Year Mean (SE) Mean (SE) Mean (SE) Mean (SE) 

Pretreatment 2.09 (1.20) 0.52 (0.06) 0.50 (0.24) 0.57 (0.40) 
1 yr post-treatment 2.79 (0.71) 3.00 (1.81) 1.92 (0.59) 0.80 (0.42) 
2 yr post-treatment 4.80 (1.47) 1.91 (0.90) 2.91 (0.88) 1.05 (0.38) 
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T;mi•E 4 Comparison of Marsh Wren densities using wetlands in northeastern North Dakota 
during June, 1990-1993. Wetlands were aerially treated with glyphosate herbicide during 
August 1990 and 1991. 

Glyphosate coverages 

Reference 50% 70% 90% 

(n= 7) (n= 4) (n= 8) (n= 4) 

Year Mean (SE) Mean (SE) Mean (SE) Mean (SE) 

Pretreatment 2.24 (0.89) 0.73 (0.24) 1.75 (0.82) 6.53 (4.46) 
1 yr post-treatment 1.94 (0.29) 1.10 (0.36) 0.39 (0.14) 0.16 (0.16) 
2 yr post-treatment 2.46 (0.47) 0.98 (0.45) 0.93 (0.31) 0.36 (0.32) 

percent open water, live vegetation, or dead vegetation (r = -0.123- 
0.204, P = 0.576-0.351, Table 2). Two years post-treatment, percent cov- 
erage of live vegetation was positively correlated with yellowhead densities 
(r = 0.351, P = 0.100), whereas coverage of dead vegetation had a neg- 
ative influence on their densities (r -- -0.357, P = 0.094). Percent water 
coverage did not influence yellowhead densities. 

Marsh Wren.--Wren densities did not differ among the four treatments 
before herbicide application (F = 1.37; df = 3, 19; P = 0.283; Table 4), 
averaging 2.55 _ 0.88/ha. Densities of wrens were similar across post- 
treatment years (k = 1.13 _ 0.16/ha; F = 2.22; df = 1, 19; P = 0.152). 
Their densities differed among treatments (F = 9.62; df = 3, 19; P = 
0.001), however, with more birds in the reference wetlands (k = 2.21 _ 
0.27/ha) than in the treated wetlands (• = 0.66 _ 0.13/ha) and more 
birds in the 50%-treated wetlands (k = 1.04 _ 0.27/ha) than the 90%- 
treated wetlands (k = 0.26 - 0.17/ha). 

Wren densities were positively correlated with percent coverage of live 
vegetation in both post-treatment years (r = 0.420-0.463, P = 0.046- 
0.020, Table 2). Percent coverage of dead vegetation negatively influ- 
enced bird abundance 1 yr post-treatment (r = -0.480, P -- 0.020), when 
peak amounts of dead vegetation were present. Percent coverage of open 
water did not influence wren abundance during the two post-treatment 
years. 

DISCUSSION 

Results of this field experiment suggest that numbers of territorial male 
Red-winged Blackbirds, Yellow-headed Blackbirds and Marsh Wrens were 
limited by reducing the density of live emergent vegetation (i.e., cattails). 
By manipulating cattail coverages in 60 X 60 m plots, Murkin et al. (1989) 
demonstrated that redwings preferred plots where 50% of the cattails 
were removed over plots with 30% or 70% of the cover removed. We did 
not detect statistical differences in bird densities between wetlands re- 

ceiving 50% and 70% spray coverages. The lack of differences in bird 
densities between these two treatments, however, may be due to their 
similar coverages of live vegetation 2 yr post-treatment. 
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We found significant positive correlations between blackbird and wren 
abundances, and percent coverage of live vegetation, whereas percent 
coverage of dead vegetation tended to be negatively correlated with num- 
bers of these birds. This suggests that breeding blackbirds and wrens pre- 
fer to nest in live vegetation and avoid wetlands with large amounts of 
dead vegetation. Weber (1978) reported a negative relationship between 
density of redwings and percent water coverage in South Dakota. We 
found similar results for redwings in North Dakota. Redwings may be 
responding to (1) a lack of suitable nest substrate and (2) competition 
from yellowheads for the remaining nesting habitat (Picman 1988). The 
latter may result in redwings choosing alternate nesting sites on wetland 
margins, in shallow seasonal wetlands (Class III, Stewart and Kantrud 
1971) and in uplands (Nelms et al. 1994). Percent coverage of water did 
not appear to significantly influence yellowhead or wren densities. We 
speculate that water depth and vegetational features of the wetland may 
be more important to breeding yellowheads and wrens than is water cov- 
erage (Willson 1966). 

Generally, managers alter cattail density in semi-permanent wetlands 
(Class IV) that typically maintain water coverage throughout the year 
(Linz et al. 1993). In North Dakota, 35% of redwings use semi-permanent 
wetlands and 61% use seasonal wetlands, whereas >90% of yellowheads 
and wrens nest in semi-permanent wetlands and <10% use seasonal wet- 
lands Kantrud and Stewart (1984). Within semi-permanent wetlands, red- 
wings, yellowheads and wrens are spatially separated. Redwings nest in 
vegetation on wetland margins, whereas yellowheads prefer to nest in 
scattered dense stands of vegetation located in deep-water zones of wet- 
lands (Weber 1978, Weller and Spatchef 1965, Willson 1966). Wrens tend 
to nest in dense vegetation, segregated from blackbirds to reduce the 
impact of blackbird aggression (Leonard and Picman 1986, Picman 1983, 
Verner 1975). Thus, breeding redwing populations probably would not 
be significantly affected on a regional scale by cattail management pro- 
grams because of the redwing's nest-site selection plasticity. On the other 
hand, our data indicate that drastically reducing cattail coverage in semi- 
permanent wetlands may temporarily reduce local breeding populations 
of yellowheads and wrens. These species, however, tend to increase their 
use of treated wetlands at 2 yr post-treatment as the cattails begin to 
reestablish. 

Staggering herbicide treatments on wetland complexes may help main- 
tain bird populations by providing wetlands with diverse stages of cattail 
decomposition and subsquent regeneration. Experimental research on 
the optimal size, configuration and density of vegetation patches in rela- 
tion to water-depth and coverage is needed before definitive recommen- 
dations can be made to help wetland managers maximize the number of 
birds using wetlands. Presently, we are recommending that managers 
strive for roughly equal amounts of open water, live vegetation and float- 
ing mats of dead vegetation to maximize avian diversity (Linz et al. 1994). 
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