
Species 
E

nrichm
ent 

H
ydrology 

E
nrichm

ent* 
H

ydrology 

 
 

 
 

Rhynchospora spp. 
0.0058 

0.0004 
0.2138 

Xyris spp. 
<0.0001 

0.1762 
0.4527 

N
ym

phaea spp. 
0.0322 

0.907 
0.2341 

C
yperus spp. 

0.0105 
0.1391 

0.1391 
Typha dom

ingensis 
<0.0001 

<0.0001 
<0.0001 

U
tricularia spp. 

<0.0001 
<0.0001 

<0.0001 
Ludw

igia spp. 
0.0034 

0.2797 
0.2797 

Pluchea spp. 
0.079 

0.3784 
0.3784 

Eleocharis spp. 
0.5793 

0.2084 
0.0479 

Pontederia spp. 
0.3306 

0.3874 
0.3874 

M
ikania scandens 

0.0431 
0.1077 

0.3254 
Juncus m

egacephalus 
0.0415 

0.0118 
0.2041 

Eriocaulon spp. 
0.0795 

0.1794 
0.1794 

Salix caroliniana M
ichx. 

0.1185 
0.0953 

0.0953 
U

nknow
n m

onocots 
0.7095 

0.4942 
0.0632 

U
nknow

n dicots 
0.6085 

0.2219 
0.0693 

D
ead seedlings 

0.0026 
0.177 

0.1827 
  

  
  

  
 Table 3 . Results of M

AN
O

VA
 for the abundances 

(%
) of each plant present.

W
hile hydrologic treatm

ents had som
e influence on species com

position, the chem
istry treatm

ents 
produced distinct plant com

m
unities indicative of the R

efuge interior (unenriched
treatm

ent) and 
perim

eter (enriched treatm
ent). Results suggest that seedling germ

ination and survival are m
ajor

drivers of plant com
m

unities that develop in the Refuge. Because
soil chem

istry significantly im
pacts 

seedling dynam
ics, w

ild com
m

unities can be im
pacted in a single season, particularly in drought 

conditions w
hen these param

eters w
ould be dom

inant factors responsible for com
m

unity recruitm
ent. 

O
ur findings have im

portant im
plications for efforts to restore and m

aintain native Everglades plant 
com

m
unities.  Specifically, our results show

 that:

•W
hile hydrology certainly is a critical factor affecting Everglades vegetation, soil and surface-

w
ater chem

istry can exert strong independent effects on plant com
m

unities;

•Soil chem
istry is a m

ajor determ
inant of differences in plant com

m
unities betw

een the m
inim

ally 
im

pacted Refuge interior and enriched areas near the perim
eter;

•Effects of soil chem
istry on plant com

m
unity developm

ent can occur w
ithin a single grow

ing 
season after disturbances such as droughts, w

hen vegetative cover is reduced and plant 
establishm

ent from
 the seed bank m

ay be im
portant.

Effects of C
hem

istry and Hydrology on Seed G
erm

ination and PlantC
om

m
unity 

Developm
ent in a N

orthern Everglades W
etland 

Rebekah E. G
ibble, A

.R.M
. Loxahatchee N

ational W
ildlife Refuge, U.S. Fish and W

ildlife Service (rebekah_gibble@
fw

s.gov), 
Paul V. M

cC
orm

ick, South Florida W
ater M

anagem
ent District, O

keechobee Division (pm
ccorm

i@
sfw

m
d.gov)

This study investigated the relative im
portance of soil chem

istry and hydrology as determ
inants of 

changes in plant com
m

unity com
position in response to canal-w

ater intrusion into a historically rainfall-
driven northern Everglades w

etland.

The A.R.M
. Loxahatchee N

ational W
ildlife Refuge (Refuge) historically w

as an oligotrophic, rainfall-
driven w

etland w
ith m

inim
al nutrient and m

ineral inputs.  Regional w
ater m

anagem
ent and land-use 

changes have altered the hydrology and chem
istry of the Refuge in a m

anner sim
ilar to other parts of 

the Everglades.  C
anal w

aters entering the Refuge contain elevated concentrations of nutrients such 
as phosphorus (P) and m

inerals such as calcium
 (C

a) that can im
pact w

etland vegetation.  W
hile the 

unique topography of the Refuge has lim
ited canal-w

ater intrusion into the Refuge interior, both the 
hydrology and soil chem

istry around the perim
eter of this w

etland have been drastically altered by this 
intrusion. 

C
hanges in vegetation com

m
unities w

ithin the Refuge have been attributed to hum
an-induced 

alterations in hydrology and w
ater quality.  Species such as cattail (Typha

dom
ingensis) have 

displaced saw
grass (C

ladium
jam

aicense) and slough habitats in canal-influenced areas around the 
Refuge perim

eter (Richardson, 1990).   Several other species such as Xyrisspp.and som
e 

Rhynchospora
spp. occur only in the Refuge interior(M

cC
orm

ick, 2007).    W
e perform

ed an 
experim

ent to m
easure the effects of hydrology and soil chem

istry on plant-com
m

unity developm
ent 

from
 the seed bank in order to understand the drivers of observed plant com

m
unity distributions w

ithin 
the Refuge.

O
BJEC

TIVE

IN
TRO

DUC
TIO

N

M
A

TERIA
LS A

N
D M

ETHO
DS

Seedlings w
ere tracked w

eekly w
ith color-coded m

arkers.  
Surviving seedlings w

ere identified to species.  Seedlings 
representing those that consistently died in non-enriched 
treatm

ents w
ere transplanted to separate containers of 

enriched soil and grow
n to an identifiable size.  Percent 

abundances and biom
ass/plant w

ere recorded for all 
treatm

ents at the end of the nine-w
eek experim

ent.
Differences in total germ

ination, total survival, percent 
abundance, and biom

ass per plant w
ere identified by 

M
A

NO
VA.  

Figure 1.  M
ap of Refuge (W

C
A

-1) 
w

ithin rem
aining Everglades system

.

Figure 2. 
O

utdoor 
experim

ental 
m

esocosm
 at 

A
.R.M

. 
Loxahatchee 
N

ational W
ildlife 

Refuge.

RESULTS

EC
O

SYSTEM
 RESTO

RA
TIO

N
 IM

PLIC
A

TIO
N

S

REFEREN
C

ES

The final w
ater quality of treatm

ents w
as representative of interior and perim

eter conditions in the 
Refuge (Table 1).  There w

as a total of 20 species present across all treatm
ents (Table 2). Species such 

as Xyris
spp. and Utricularia spp. failed to germ

inate in enriched treatm
ents, w

hile C
yperusspp., 

Pluchea
spp., and Ludw

igia
spp. did not germ

inate in unenriched
treatm

ents.  O
ther species such as 

M
ikania

scandensand Typha
dom

ingensisgerm
inated in both treatm

ents, but died off in the 
unenriched

treatm
ents during the course of the experim

ent.

Table 2. Species present in each enrichm
ent and hydrology treatm

ent.

-2 3 8 13 18 23 28 33 38 43

Rhynchospora spp.
Xyris spp.

Nymphaea spp.
Cyperus spp.

Typha domingensis

Ludwigia spp.
Pluchea spp.

Eleocharis spp.

Pontederia spp.

Mikania scandens

Juncus megacephalus

Eriocaulon spp.

Salix caroliniana

Unk Monocot
Unk Dicot

Dead

Species

Relative Abundance (%)

C
ontrol

Enriched

Figure 3. A
bundances (%

) for plants present in 
unenriched

(control) and enriched treatm
ents. 

Error bars represent standard errors.  

Figure 5.  Final plant com
m

unities of nutrient enrichm
ent (enriched and unenriched) and 

hydrology (drained, saturated, and flooded) treatm
ents.  Enriched treatm

ents are presented 
in the left panel (A) and unenriched

treatm
ents are pictured in the right panel (B).  

Hydrology treatm
ents w

ere random
ly dispersed am

ong tubs for each
enrichm

ent treatm
ent.

A
B

Figure 4.  Biom
ass/plant (m

g) for select species 
present in both enriched and unenriched

(control) 
treatm

ents.  Error bars represent standard 
deviations.

W
eekly seedling survival w

as different for tw
o species (Rhynchospora

spp.and Xyrisspp.)that w
ere 

present in both enriched and unenriched
treatm

ents but w
ere significantly m

ore abundant in 
unenriched

treatm
ents (Figure 6).  Xyrisspp. also had significantly greater biom

ass per plant in 
unenriched

treatm
ents (Figure 4).  These species, w

hich are prim
arily found in the Refuge interior, 

w
ere far m

ore com
m

on and robust in unenriched
(control) treatm

ents (Figure 3).
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Figure 6.  W
eekly germ

ination of Rhynchospora
spp. seedlings (left panel; A) and Xyrisspp. 

seedlings (right panel; B).  Error bars represent standard deviations.  Points m
arked w

ith asterisks 
are significantly different (95%

 confidence). A
B

O
ur experim

ent w
as conducted at the headquarters of the A.R.M

. Loxahatchee N
ational W

ildlife Refuge in 
the northern Everglades (Figure 1). Soils w

ere collected from
 the Refuge interior, cleaned of large roots 

and debris, and used to fill 24 plastic tubs (30 cm
 x 60 cm

), w
hich w

ere m
aintained in a w

ater bath (pools) 
and shielded from

 rainfall (Figures 2).  Soils in half of the tubs w
ere enriched by adding P and C

a to 
achieve concentrations sim

ilar to canal-im
pacted soils near the Refuge perim

eter.   Surficialsoils w
ere 

collected from
 several vegetative habitats across the interior and hom

ogenized to obtain a diverse seed 
bank that w

as evenly distributed am
ong the tubs.  Four tubs of each chem

istry treatm
ent w

ere subjected 
to one of three w

ater-depth treatm
ents (flooded, saturated, or drained).  Enriched and

unenriched
tubs 

w
ere hydrated w

ith w
ater from

 the L-40 canal and Refuge interior, respectively, until specific conductivity 
(µS/cm

) exceeded predeterm
ined levels (1000 and 200 µS/cm

, respectively), after w
hich tim

e rainw
ater 

w
as used.  C

ontrol tubs containing com
m

ercial potting soil w
ere w

atered w
ith canal w

ater to confirm
 that 

this w
ater w

as not a propagule
source.

 
C

ontrol 
 

E
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V
ariable 

M
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M
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M
ean 
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M
in-M
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Specific C

onductivity (µS/cm
)

246.69 
8.26

100-520 
 

610.21
20.31

240-1110 
T

em
perature (°C

)  
26.89 

0.27
23.2-38.3 

 
26.82 

0.21 
23.3-31.2 

pH
  

5.97 
0.04

5.71-6.18 
 

6.82 
0.02 

6.7-6.91 
C

alcium
 (g/kg) 

11 
- 

- 
 

32 
- 

- 
Phosphorus (m

g/kg) 
347 

- 
- 

 
1460 

- 
- 

  
  

  
  

 
  

  
  

 

Table 1. W
ater quality conditions of enriched and unenriched

(control) treatm
ents.  M

eans, averages and 
m

inim
um

s and m
axim

um
s are presented for each enrichm

ent treatm
ent.

A
lthough m

any species w
ere present in all treatm

ents, enriched and unenriched
treatm

ents ultim
ately 

developed different com
m

unities as m
easured by percent abundances (Table 3 and Figure 3) and biom

ass 
per plant (Table 4 and Figure 4), w

ith a visible difference in total biom
ass (Figure 5). There w

as greater overall 
germ

ination in unenriched
treatm

ents (p = <0.001) but the total rate of survival w
as higher in enriched 

treatm
ents (p= 0.0062).

Hydrology treatm
ents also yielded differences in abundance and biom

ass per plant for 
som

e species, independent of enrichm
ent (e.g., Rhynchospora

spp. (drained), J. m
egacephalus(flooded), 

although flooded treatm
ents w

ere confounded by noncom
pacted

soils.

N
utrient T

reatm
ent 

 
 

 
 

H
ydrology 

 
 

C
ontrol 

C
ontrol

C
ontrol 

Im
pacted

Im
pacted 

Im
pacted 

Plant Species 
D

ry 
Flooded

Saturated
D

ry 
Flooded 

Saturated 
 

 
 

 
 

 
 

R
hynchospora 
inundata 

X
 

  
X

 
  

  
  

R
hynchospora tracyi 

X
 

X
 

X
 

  
  

X
 

R
hynchospora. sppA

 
X

 
X

 
X

 
X

 
X

 
X

 
R

hynchospora sppB
 

X
 

X
 

X
 

X
 

X
 

X
 

R
hynchospora. sppX

 
X

 
X

 
X

 
X

 
X

 
X

 
X

yris spp. 
X

 
X

 
X

 
  

  
X

 
N

ym
phaea spp. 

X
 

X
 

X
 

X
 

X
 

X
 

C
yperus spp. 

  
  

  
X

 
  

X
 

T
ypha dom
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E
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P
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M
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Juncus m
egacephalus 
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E
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W
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X

Species 
E

nrichm
ent 

H
ydrology 

E
nrichm

ent*
H

ydrology 
 

 
 

 
R

hynchospora spp.* 
0.1018 

0.2885 
0.6442 

X
yris spp.* 

0.0121 
0.0033 

0.0481 
N

ym
phaea spp.* 

0.1764 
0.4442 

0.4439 
C

yperus spp. 
0.0043 

0.0281 
0.0281 

Typha dom
ingensis* 

<0.0001 
<0.0001 

<0.0001 
Ludw

igia spp. 
0.0262 

0.9023 
0.9023 

P
luchea spp. 

0.0855 
0.4404 

0.4404 
E

leocharis spp.* 
0.1280 

0.1203 
0.1147 

P
ontederia spp. 

0.3306 
0.3874 

0.3874 
M

ikania scandens* 
0.1531 

0.2991 
0.5211 

Juncus m
egacephalus* 

0.0781 
0.0290 

0.3266 
E

riocaulon spp.* 
0.3306 

0.3874 
0.3874 

Salix caroliniana M
ichx.

0.1744 
0.1643 

0.1643 
U

nknow
n m

onocots* 
0.9706 

0.2339 
0.5082 

U
nknow

n dicots* 
0.9696 

0.1308 
0.3478 

  
  

  
  

Table 4.  Results (p-values) of M
A

NO
VA for 

biom
ass per plant (m

g) of species present 
Species occurring in both enriched and 
unenriched

(control) treatm
ents are m

arked 
w

ith asterisks. 

Rhynchospora
spp.

Xyrisspp.
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