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Vegetation response to disturbance in a coastal marsh in Texas
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Abstract: Disturbance is considered one of the main factors influencing plant species composition and diversity. We
conducted a field study to address the plant community response in a coastal marsh to a major disturbance. In 1992,
muskrats (Ondatra zibethicus L.) completely removed vegetation within a 450 ha area of intermediate coastal marsh in
Texas, USA. We used vegetation data collected prior to the disturbance (1989-1991) as a baseline for comparison to that
recorded annually for a decade (1992-2002) following the disturbance. We compared species diversity, richness, relative
abundance, evenness, and species similarity between pre and postdisturbance periods to evaluate the temporal response



termining vegetation response to disturbance. For exam-

ple, natural cyclical patterns of vegetation change occur

in the coastal wetlands of the Carolina Bays in response

to rainfall cycles (Kirkman 1992) or during extended pe-

riods of drought, entire extant vegetation stands may be



to 10 ppt, and saline with salinity of 10 ppt and above. The

East Bay Bayou was primarily an intermediate marsh;

however, both salinity and water levels were dependent

on prevailing winds and amount of freshwater inflow due

to precipitation. Mean annual salinity during vegetation

sampling from 1992-2002 in the area ranged from 0 to 6

ppt. The annual precipitation in the area ranged from 66

to 249 cm, with an average of 132 cm. Mean air tempera-

ture is 20
�
C with a range of 5 to 36

�
C (Vaughn and Fisher

1992). The 1992 muskrat disturbance occurred in inter-

mediate marsh communities. Intermediate marsh habitats

typically are comprised of a diverse community of plants.

Vegetation in the East Bay Bayou Unit included grasses

(e.g. Distichilis sp., Paspalum spp., Spartina spp.), sedges

(Cyperus spp., Eleocharis spp., etc.), rushes (Scirpus spp.,

Juncus spp.), and cattail (Typha domingensis) (United

States Fish and Wildlife Service, unpublished data).

Plants associated with this habitat type are tolerant to a

wide range of salinity values.

Vegetation sampling

Vegetation sampling in the general study areas was

conducted from 1989 to 2002. However, vegetation in

Track 18 of the East Bay Bayou was removed completely

by muskrats in 1992. Following removal of vegetation,

muskrats deserted the area. To determine patterns of

vegetation recovery, we annually sampled the disturbed

area from 1993 to 1997 and from 2000 to 2002 during

summer. We carried out vegetation sampling along 3 per-

manent, randomly placed line transects (each 30.48 m

long). Each transect was divided into 50 equidistant

points at which vegetation was sampled. At each sam-

pling point, a pin was lowered perpendicular to ground

surface and any plant species touched was recorded to cal-

culate frequency of occurrence. If present during the

vegetation sampling, water level was measured at the be-

ginning of each transect. Similar species frequency and

occurrence data collected prior to disturbance (1989

through 1991) were averaged and used as baseline data

for comparison of vegetation response to removal of ex-

tant vegetation.

Data analysis

To determine vegetation community response to dis-

turbance, we calculated species richness (S), evenness, di-

versity, dominance, abundance, relative abundance, and

similarity of vegetation before and after disturbance.

Evenness was calculated as J’ = H’/ ln S (Pielou 1966),

where, H’ is Shannon’s index of diversity. Shannon’s di-

versity for each year was calculated using the formula de-

velopJ
/78ta



We compared differences in vegetation diversity (us-

ing software PAST version 1.38, Hammer et al. 2006) be-

tween consecutive years to examine vegetation changes

in the area and the length of time required for the vegeta-

tion to return to predisturbance levels. Diversity compari-

sons between any two years (A and B) were carried out by

first pooling the diversity data from the years and then

1000 random pairs of samples (A�, B�) with the same

number of data points in the original two years are taken



Cyperus articularis, Eleocharis montevidensis, and Eleo-

charis parvula had higher abundances in predisturbance

periods than following disturbance. Water level at the

time of sampling ranged from 0 to 45 cm in the area. No

standing water was present during sampling for the years

1993, 1994, and 1997, whereas 1995 had the highest

water level, followed by 2002 (Fig. 2).

The 5 most abundant species in the area, pre and post-

disturbance, were Paspalum vaginatum, Distichilis spi-

cata, Scirpus olneyi, Spartina patens, and Typha domin-

gensis. However, Paspalum vaginatum, and Spartina

patens were the only 2 out of the 5 most abundant species

to reappear immediately after disturbance. Although the

above 2 species reappeared sooner than did others follow-

ing disturbance, the abundance of Paspalum vaginatum

increased steadily from 1993 to 2000 and by 2001- 2002

had declined to predisturbance levels. The abundance of

Spartina patens declined during 1994-2002 period. How-

ever, abundance of the sedge Scirpus olneyi increased fol-

lowing the disturbance. Typha domingensis abundance

was higher following years of relatively higher water lev-

els in the area. The high abundance of Typha domingensis

during 1996 and 1997 may be due to relatively high water

levels in the area during 1995 and 1996. Similarly, rela-

tively higher water level in 2001 and 2002 might have re-

sulted in higher abundance of Typha domingensis in 2002.

Richness and abundance

Peaks in diversity and abundance corresponded to

zero water levels. Richness peaked in 1994 with 11 spe-

cies, in 1997 with 14 species, and 5 years following dis-

turbance (Fig. 3). There was a gradual increase in richness

from 1993 through 1997, with an exception in 1994 when

there was a sharp increase to 11 species from 6 species in
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1993. After the peak in 1997, there was a sharp decline by

2000, which continued until 2001 when there were only 6

species present. There was a slight increase in species

richness by 2002. Average species richness in the predis-

turbance period was 14 and in 2002, it was 8. Similar to

richness, species abundance had two peaks, one in 1995

(248 individuals/transect) and the other in 1997 (310 in-

dividuals /transect), but abundance declined thereafter,

reaching 81 individuals by 2002, which was similar to the

predisturbance period (80 individuals /transect).

The five dominant plant species (highest frequencies

in a given year) species before and after the disturbance



the 10-year period following initial disturbance (Fig. 5).

After the 1994 peak, diversity declined in 1995 and 1996

before peaking again in 1997, followed by a long-term de-

cline to predisturbance values by 2001 (Fig. 5). In 1993,

a year after disturbance, plant diversity as measured by

Shannon’s index decreased compared to predisturbance

levels. However, diversity was higher than predisturbance

levels during the following 4 years (1994-1997); diversity

increased from 1993 to 1994 (t� = -10.34, P < 0.001). Di-

versity in 1995 declined relative to 1994 (t� = 5.59, P <

0.001). There was no change (t� = 0.41, P = 0.68) in di-

versity between 1995 and 1996 (Fig. 5). Following the

second peak of diversity in 1997, there was a sharp de-

cline in diversity by 2000 (t� = 8.45, P < 0.001) (Fig. 5).

Plant diversity in the area during 2001 and 2002 ap-

proached diversity levels of the predisturbance period

(predisturbance - 2001 t� = 1.07, P = 0.28 and predistur-

bance – 2002 t� = 0.35, P = 0.73). Simpson’s dominance

followed the same distribution patterns as diversity, with

the first peak in 1994 and the second peak in 1997. Spe-

cies evenness increased following disturbance and peaked

in 1995, followed by a decline until 1997. Evenness val-

ues reached 0.56 by 2002, a decade after disturbance,

which was close to the predisturbance value of 0.51.

Sörensen index of similarity

We compared similarity in vegetation species compo-

sition between the predisturbance period and each year

sampled following the disturbance. The vegetation simi-



Correspondence analysis of vegetation data and year



of abundant propagules, and once they colonize, they

ameliorate conditions for the sedges to recruit.

Among all species, Typha domingensis took the long-




