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Executive Summary

Cape Sable seaside sparrow (CS$Shederally endangered species, apdetation within its

habitat are highly sensitive to changes in hydnaloggimes. Thus, to ensure that the impacts of
Everglades restoration projects do not impede the continued existence of sparrows in their habitat,
the G111 Spreader Canal Western project embraces regular monitoring of the sparrow population
and the stais of its habitat.As per requirements stated in Biological Opinion issued by the US
Fish and Wildlife Service, baseline conditions of the CSSSpspllation D and its habitat were
studied in 2011.A follow up study wasalsoconducted in 20142-yearsafter the project was
implemented.With funding support from SFWMD (PO # 45QI#%7) for FY 2016 the present

study examined any vegetation shift that might have occurredtbie@®d11and 2014surves.

The sampling design was the same used in 2011,revhaded two groups of sites: (1) sparse
vegetation sampling sites (SS sites), and (2) concentrated vegetation sampling sites (J8eaites).
44 SS sites were 500 m to 1 km apart, whereas the 36 CS sites were at the corners of each 250 x
250 m grid cell inan area of 1.25 km x 1.25 kAt each site, vegetation was sampled using a
nested design: a 5 m x 5 m shrub plot was nested within a 10 m x 10 m tre&/filon shrub

plots, cover of shrubs and vines were estimatéerbaceous plants were surveyedm five 1-

m? subplots located within each shrub pldn addition to species cover, a suite of structural
parameters was recorded in a 0.Zgomdrat in the southeast corner of each subgBEN data

was used to calculate annual mean daily waterhdaptl hydroperiod for the plots/egetation
change analysis included Analysis of Similarity (ANOSIM), and Weighted Averaging Regression,
a method used to calculate vegetadiierred hydroperiod, i.e., the hydroperiod for a site
predicted from vegetationomposition. Changes in vegetatienferred hydroperiod between
successive samplings are indicative of changes in response to hydrology of the Repedted
MeasuresANOVA was used to test for differences in vegetation structural variables, biomass,
species richness and vegetatinferred hydroperiod among three sampling events.

Marl prairie vegetation within the habitat of spbpulation D included vegetation assemblages
arranged along the full hydrologic gradierflince 2011 vegetation changeas marked by an
increase in wetness of some sites and a consequent shift in species composition toward a vegetation
type characteristic of wetter conditionslowever,sucha shift in species composition towaad
more hydric typerimarily occurredn first 3-years after the baseline survejetween 2014 and
2016, there was no significant change in vegetatiterred hydroperiod, suggesting that after
2014, the habitat condition did not decline any furtherfact, relatively dry conditionsn 2014

and D15might havehelped inimprovement of habitat conditipas evidencelly an increase in
ephemeral sparrow populatiomthose yearsIn 2016 dry seasormoweverthe water levelvas
unusuallyhigh,more than 15 cm above the-g&ar averageThe longterm effect of unusual high
water condition on vegetation is uncertain at the momentwéhalso depend on the hydrologic
regime in subsequent yearfn generalunusual dry season flooding followed by higher water
level than normah subsequent yeacausa degradatiorof sparrow habitat Thusiit is important

to minimize the chances of high water ddion for next couple of yearso that this year dry
season flooding will not have loflgsting adverse impact on sparrow habitéhis is essential
egecially within the sulpopulation D habitat, where the hydrologic conditions are likely to be
impacted by project activitieOnly a continued monitoringf vegetation and sparrow population
dynamicscan provide a conclusive assessment of synergisectefbf 2016 dry season flooding
and the project activities on the future fate of the existing CSSS population and its habitat.
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Status of Vegetation Structure and Composition within the
Habitat of Cape Sable seaside sparrow Subpopulation D

Background

In the EvergladeCape Sable seaside sparrow (CS88modramus maritimus mirabijiand its

habitat have been at the pivot of several water management activities for the last two decades,
affectingmarl prairievegetatiorboth sides of the Shark RawSlough.The reason rests on the fact

that CSSS is a federallisted endangered species endemic to the $tyaitoperiod marl prairies

of the Everglades, and both the sparrow and vegetation that structures its habitat are highly
sensitive to changes hydrologic regime.Unusually high water conditions during the sparrow
breeding period can cause sharp decline of the sparrow population, either directly by inflicting
mortality or impairing breeding success, or indirectly through destruction of iteah@ditnm et

al. 2002; Jenkins et al. 200@irzi et al. 201). Flooding thatexceedinglyextends hydroperiod
causes the shehydroperiod marl prairie to change to lehgdroperiod sawgrass marsh as
quickly as within 34 years (Armentano et al. 2006; Sathal. 2014), causing the habitat to be
unsuitable for sparrows (Nott et al. 1998; Jenkins et al. 200B)s, to ensure thampacts of
Everglades restoration projects to sparrow habitat do not impede the survival and continued
existence of sparrows, s&al water management projects in the Southern Everglades include
regular monitoring of the sparrow population and its habitat agralteomponents.

The G111 Spreader Canal Western project is designed to restore the quantity, timing, and
distribution d water delivered to Florida Bay via Taylor Slough and to improve hydroperiod and
hydro-pattern in the area south of thelC1l canal, known as the Southern Glades and Model
Lands. To ensure that the project impacts to Cape Sable seaside sparrow (CE&pRajedes
Critical Habitat Units 2 and 3 (also referred to as subpopulations C and D, respectively) do not
exceed the impacts recognized in the United
Incidental Take Statement (ITS), the SFWMD is required to cand8S&S habitat monitoring,

and to document and track vegetation conditions in subpopulatioAsDper the requirements
stated in Term and Condition #6 of ITS, baseline conditions of the Cape Sable seaside sparrow
(CSSS) sulpopulation D and its habitat wee studied with funding support from South Florida
Water Management District (SFWMD) in 2011, before project implementafiosm project was
implemented in 2012, and a follow up study was conducted in 2014, 2 years after the
implementation of the projecihebaselinestudy concluded that the population had declined from

a peak of 400 birds in 1981 to few pairs of birds in the-Bifl0s (Virzi et al. 2011), which
corresponded with a change in vegetation from dinttoperiod prairie to the loAgydroperial
sawgrass marsh during that period (Ross et al. 2004 study also emphasized that the
population had recently (202010) begun to show signs of improvement that corresponded with
an improvement in habitat conditions resulting from a drying trenidanate 2000s (Virzi et al.
2011). However, it was expected that this trend would be disrupted upon project implementation,
as computer simulation modeling results indicated that operations would result in an increased
hydroperiod, and thus adverselyeaf the habitat conditions within the CSSS subpopulation D
critical habitat (USFWS 2009).



In 2014, a examination of daily stage data at EVERA4, located in the center of the CSSS sub
population D habitat, revealed that the threeyaiod (May 1, 2011 April 30, 2014) following

the 2011 baseline survey (Project period) were slightly wetter than during the three years (May 1,
20081 April 30, 2011) before the survey (Ppeoject period).In agreement witkvetter hydrologic
conditions in project than p@roject perioda shift in species composition toward a vegetation
compositioncharacteristic of wetter conditiomgas also observed (Sah et al. 201KBpweverat

the timeit wasnot clearwhether the shift in habitat conditiomgeredue to project actities or
natural annual variability in hydrologic conditiors,both primarily becausen analysis of stage
datafrom other regios of the marl prairie landscagedalsoshowed that on average the three
years from 2011 to 2014 were wetter than the prevthree yearSah et al. 204). Likewise, a

mix of both positive and negative trends in the sparrow population in subpopulation D was
observed during the following two years, 2014 and 2015 (Virzi and Davis 2014; Virzi et al. 2015).
Thus, it was obviosi thatonly a regular monitorin@f the vegetationauld provide a conclusive
assessment of the course of the sparrow hadnitgtits populatiorwithin the subpopulation D
habitat where the hydrologic conditions are likely to be impacted by the projedies;

With funding support from SFWMD (PO4500®1267) for FY 2015/2016we studied the current
status of parrow subpopulation D habitaf he specific objective of this study was to document
the present status ofegetation structure and compositiovithin the habitat of CSSS sub
population D, and to analyze any vegetation change that might have occurretthshaseline
surveywasperformed.

Methods
Study design

The study area was within the critical habitat of CSSSpmgulation D Figure 1). The study

was designed to incorporate sufficient spatial and temporal resolution in the vegetation monitoring
that the impact of project operations on hydrologgdiated changes in vegetation structure and
composition could be assesséithe sampling dagn was the same used in the 2011 basalide

2014 posiprojectsurveys, and included two groups of sites, (1) sparse vegetation sampling sites
(SS sites), and (2) concentrated vegetation sampling sites (CS Sibg®ther there were 44 SS
and 36 CS ses for a total of 80 sitgg\ppendix 1) The SS sites included 17 previously sampled
vegetation census sites located at the corners of 1 km x 1 km grid cells (Ross etay].a2@bé&n
additional 27 sites that were established in 2011 either at therseahadditional grid cells
included in the critical habitat boundary of UBit(subpopulation D), or at the centers of the
aforementioned grid cellsThe CS sites were at the corners of each 250 x 250 m grid cell within
a 1.25 km x 1.25 km area that inded a set of occupied CSSS territories that had been delineated
by Dr. Thomas Virzi (Rutgers University) and group (Virzi et al. 2011; Virzi and Davis 2013) at
the time of project initiation.

Field Sampling
At each sampling site, af8tall PVC pole m&ked the SE corner of a 10 m x 10 m tree phésted

within each tree plot, a 5 m x 5 m herb/shrub plot was laid out, leaviAg ddffer strip along
the southern and eastern border of the tree pigtite 2). In the tree plots, we measured the DBH



aad crown | ength and width of amthineach®mdy5m ndi vi
herb/shrub plot, we estimated the cover class of each species of shrub (woody stems >1m height
and < 5cm DBH) and woody vines, using the following categories: < 4%, 4-16%, 1633%,

33-66%, and > 66%.Herbaceous plants were surveyed within fiverlsubplots located at the

four corners and center of each herb/shrub plietl-m? subplots, we estimated the cover % of

each vascular plant species, using the samearaéds@s we used for shrub cover. If an herbaceous
species was present in the 5 m x 5 m herb/shrub plot but not found in any of the subplots, it was
assigned a mean cover of 0.01%. In addition, a suite of structural parameters was recorded in a
0.25 nt quadrat in the southeast corner of each sub@istictural sampling included the following
attributes: 1) Canopy height, i.e., the tallest vegetation present within a cylinder of ~5 cm width,
measured at 4 points in each 0.25quadrat; 2)The height ad species of the tallest plant in the

guadrat; 3) Total vegetative cover, in %; and 4) live vegetation, exprasse&o of total cover.

The number of woody individuals (heighih O 1 n
addition, if there was standing water in the herb/shrub plots, we also measured water depth at three
locations in each plot.Figure 3 shows photo of research team members taking vegetation
structural and compositional measurements in the flakeld sitesvere accessddom theAerojet

road orby helicopter(Figure 4).

Analytical method

During the2016 field survey,majority of sites hadtanding water.However, for consistency in

data analysis across the samglyears, wecalculated hydrological variables based on elevations
determined from water depths measured in 2011. In the wet season of 201almderallsites

in the region were inundated with standing waterhag@measured water depth at three tamas

within each 5 m x 5 m plot: 44 and 36 plots on Augj&id Sept 9, respectively. Using the water
surface elevations provi ded by availabl e emg
Assessment Tool ( WDAT) and USQGBok§EDEN))darthd a d e s
specific date, we calculated ground elevation for each glbe EDEN water surface elevation

data were not available for 10 sites east of the C111canal, and at the time of field measurement of
water depth, standing water was notgerg at one siteThus, the analysis of hydrology data was
mainly based on the 69 sitegcross all the sites (n = 69), ground elevations based on both the
WDAT and EDEV water surface data were strongly correlated (r = 0.89), though the WDAT
based meanrgund elevation was 2.12 cm higher than the EBfaNed elevatiorHgure 5). A

similar finding was observeith a separate studyhen both EDEN and WDAT data for several

sites within the habitat of sparrow spbpulations AF and in nine tree islands werempared

(Sah et al. 2015).Because of their readily availability, we used EDEN data
(http://sofia.usgs.gov/eden/models/watersurfacemod_downlogdiphgalculate annual mean

daly water depth and hydroperiod for each of the 69 pldisidroperiod was defined as the
discontinuous number of days in a year when water level was above the ground surface.

The vegetation data was summarized using amemic multidimensional scalingNMDS)
ordination. Analysis of Similarity (ANOSIM), a nonparametric multivariate analytical procedure,
was used to examine the overall change in vegetation compaaitiong the sampling years
(McCune and Grace 2002)egetation change analysis alsoluted calculation of vegetatien
inferred hydroperiod, the hydroperiod for a site indicated from its vegetation composition using a
Weighted Averaging regression model (see Armentano et al. 2006 for detilshange in


http://sofia.usgs.gov/eden/models/watersurfacemod_download.php

vegetationinferred hydroperiod beteen successive samplings reflects the amount and direction
of change in vegetation, expressed in units of day@6f) dong a gradient in hydroperiod.

Vegetation structural measurements were summarized for each plot, and mean canopy height and
total vegetative cover were used to estimate above ground plant biomass, using the allometric
equation developed by Sah et al. (2007) for marl prairie vegetation within CSSS habitat.
equation for calculating biomass was as follows:

VvBiomass =6.708 + 15.607*arcsine/Cover/100 + 0.095*Ht

where Biomass = Total plant biomass (§/nCover = Crown cover (%), and Ht = Mean crown
height (cm).

Repeated measures analysis of variance (Repeated MeAdI@ASA) followed by Bonferroni
posthoc estwasused to test for differences in vegetation structural variables, biomass, species
richness and vegetationferred hydroperiodhmong threesamplingevents FriedmarANOVA
(Non-parametric test for multiple dependent variables) was used to teseddés in cover of
major species among three sampling eveBjgatiotemporal variation in hydrological and
vegetation structural parameters was illusttate the map using ArcGIS 10.2.

Results and Discussion

In 2016, marl prairie vegetation within thikabitat of sukpopulation Dwerebroadly categorized
into two groups, Ghatate simpilardnisgedies compositiordin othen eegiacnd 6
of marl prairies (Ross et al. 2086 Wet prairie (WP) vegetation, grasslands with mixed
dominance omuhly grassNluhlenbergia capillarissp filipes), sawgrassGladium mariscussp.
jamaicensg and/or blackop sedge $choenus nigricanswere prevalent at the CS sites, in the
vicinity of recently occupied portion of sparrow habit&iglire 6). Marsh (M) sites had
hydroperiods generally greater than 210 days, and the vegetation assemblages at the sites were
mainly sawgrass . mariscus ssp. jamaicensg and sawgrasbeakrush sedgeCladium
Rhynchospora marsh. Two other marsh vegetation types were Baak sedgesawgrass
(Rhynchospor&ladium) and spkerushbeakrush sedgeEleocharisRhynchospora Marsh.
Vegetation change ovéive years, since the base line survey in 2011, was marked by an increase
in wetness of some sites and a consequent shifieiciess composition towaithe wetter type.

In this study, analysis of hydrologic conditions of the vegetation survey sites reveal@d that
project period (since 2012), three out of four years had mean water level highebthear 2
average.In contrastpefore the baseline survey in 2011, the mean annual water level was below
average for several years, exc¥pater Year \WY: May 15 - April 30™)) 200910 (Figure 7).

When averagedwver four yeatperiod prior to 2011 and 2016 vegetation samplitfte mea
hydroperiod wad7 days longer, and mean annual water depthSwasm higherduring theproject

period (20122016) than thepre-project period i.e. before baseline surve20072011) In
response, the species compositinr2016 was significanty different(ANOSIM: R = 0208; p-
value < 0.001) from that in2011 (Table 1). Two postproject surveys, 2014 and 2016, also
significantly differed(ANOSIM: R = 0.143; pvalue <0.001)n species composition



Table 1: Global R andp-values from analysis of sitarity (ANOSIM) testing for amongear differences in
vegetation composition befof@011)and after(2014 and 2016) the operation of the C111 spreader canal project
began in 2012.

Sampling event 2011 2014
(base line survey)
2014 0.082
(0.001)
2016 0.208 0.143
(0.001) (0.001)

Observedand vegetatiofinferred hydroperiods were well correlaieen when data were pooled
for all three samplingears. In concurrence with the higher hydroperiod durbwh project
periodsampling than pre-project perial, the mear{x SD) vegetationinferred hydroperiod was
significantly Repeated Measures ANOVABonferroni testp < 0.01) higher in 2014217 + 46
days)and 2016221 + 40 dayshhan in 2011210 + 47 days{Figure 8). However, there was no
significant dfference invegetatiorinferred hydroperiod between 2014 and 20§ gesting that

a prevalence of wet conditions during h®ject period caused a shift in species composition
toward a more hydric typerimarily in first 3-years after the baseline surveyThe trend in
vegetation change towards more hydric tgpatinued for next two years, but with slower pace

Vegetation changever five yearsvas marked also bghanges in vegetation structuxe@etation
cover and heightspecies richness andoseground biomag$-igure 9). Mean(£SD) vegetation
cover was significantly lowefRepeated measures ANOVA: Bonferroni test, p < Oi@Both
2014 (32.6 £ 12.7%and 2016 (34.% 13.7%)than in 2011 (39.3 + 17.2%{Figure 98 The
cover value of major specieMuhlebergia capillaris ssp. filipes, Scloenus nigricans
Rhyncohospora microcarpdhat are characteristics of marl wet prairie sites dry end of the
marl prairie gradientsignificantly declined.In contrastthe difference in spikeruslileocharis
cellulosg, whichwasmost abundant at éhwet end of the marl prairie gradient (Ross et al. 2006
Sah et al. 2018, was not statistically significanTéable 2). Mean cover of sawgras€ladium
mariscusssp.jamaicensgdecreased by one third first three years, but then remagdsame in
nexttwo years whereashe cover of beakrush seddg@h{ynchospora tracy)iidid not change much
in first three years, but then significantly declined.

Table 2: Mean (x 1 S.D.) value of percent cover of major species averaged over all sites (n = 80) sur28¢éd in
2014 and 2016 within the CSSS gufpulation D habitat region.-#alues are from neparametric test, Friedman
Analysis of Variance for multiple dependent samples. Different letters in superscript represent the significant
difference as determined mon-parametric, Wilcoxon Matched Pair Test.

Sampling years Friedman
Plant species Test

2011 2014 2016 p-value
Cladium mariscussp.jamaicense = 33.3+18.9 = 21.9+14.0 = 22.5+14.8 <0.001
Schoenus nigricans 11.1+17.8 6.0£10.% 5.2+9.8 <0.001
Muhlenbegia capillaris ssp filipes 3.216.9 1.7£2.7 1.0+1.8 <0.001
Rhynchospora microcarpa 3.315.¢ 1.5+1.9 0.6x1.5 <0.001
Rhynchospora trayci 4.516.5 3.5£3.7 1.7+3.3 <0.001
Eleocharis cellulosa 3.2+10.0 2.3x7.0 1.2+4.7 0.362




In comparison to reducexbver, vegetation height increasmger five years.The mean vegetation

height was significantly higher (Repeated measures ANOVA: Bonferroni test, p <ro 204

(57.1 £ 11.0 cm) than in 2011 (52.9 + 14.1 cmhereas vegetation height in 2016 (56.42.5

cm) was intermediateand thedifferencefrom 2011 or 2014was not statistically significant

(Figure 9b). The increase inegetatiorheightin project periodvas primarily at only marl wet

prairie sites, whereas at thearsh sites, the mean vegetation heighs wrimarilythe same in all

sampling yearsTable 3). In general vegetation heighin the marl prairiess maximum in
sawgrass dominated marsh, and the height decreases towards both dry and wet end of the gradient
(Ross et al. 20@#). Thus,during projet periodan increase in mean vegetation height with an
increase in wetness at the relatively dry sites woamal.

Table 3: Mean (x 1 S.D.) value of vegetation structural measurements and species richness for two groups of sites,
wet prairie (WP) vs mah (M) surveyed in 2011, 2014 and 2016 within the CSSSephlation D habitat region.
Grouping of sites as WP and M is based on the 2011 site classification.

Vegetation structural Vegetation Sampling years
variables type 2011 2014 2016
WP 38.9116.6 32.4+12.2 34.3:12.6
Vegetationcover (%)
M 40.0+£19.4 33.0+14.6 33.7%#15.6
WP 51.5+13.% 58.0+11.0 56.8:12.3
Vegetation height (cm)
M 55.6+£15.8 55.6£11.2 55.6t13.2
WP 11.4+3.¢ 9.8+2.4 12.0+4.3°
Species richness (species/plot)
M 6.1+312 5.9+3.3 6.243.42
WP 509+150 483+133 493t142
Aboveground plant biomass (g%in
M 5421218 476+145 484+164

Mean plant species richness was significantly lower in 2014 (8.4 + 3.3 ¢pletjebhan in 2011
(9.6 = 3.9), however the mean richness it@(.9 + 4.8) was almost the same as it was in 2014
(Figure 9¢). In the marl prairies, species richness is negatively correlatedhydtioperiod (Ross

et al. 2008). Thus a decrease in specigshnessn first three years after the baseline survey was
not a surprise, especially when such a reductianean number of speciegs primarily at the
marl wet prairie siteslable 3). In contrastanincrease in mean species richness in next two years
after 2014 survey wasbserved The reason could be higdmnual variability in hydrologic
condition and unusual high water in early spring of 20li6the present stugyhere was high
variation in occurrence of species at the wet prairie gitable 3). Many of these sitedrad
characteristispecies from both mawet prarie andmarshvegetationtypes suggesting thatue

to relatively wet condions after 2011some ofthesites might be transitioning from wet prairie to
marsh vegetation sitesSeveral speciethatare usually founagt the marl marsh sitessuch as
Eleocharis intersncta, Ludwigia alata, L. curtissii, L. repens Utricularia purpureg U.
resupinataandU. subulata werefirst timerecordedn 2016 when the field conditioduring the

dry seasonvas unusually wetOnly follow up surveys in next few years will help to ascertain the
impact of unusual high water condition of the 2016 dry@eas



The aboveground biomass was relatively low in 28dd 2016 but the difference betwedese
two surveysand base line survayas not statistically significanEFi{gure 9d). Mean above ground
biomass in 2011, 2014 and 2016 was8206,480:137, and 80+149 g m!, respectivelyThe
observed changes in vegetation struci@eeve and height), species richness and ajpoved
biomassover five yearg2011-2016)were not the samroughout the study area (Appendices 2,
3).

In the Everglades, the marl prairie is a dynamic landscapensyshere hydrology and fire are
important drivers.n this system, vegetation responses to hydrologic alterations may occur rapidly
(Armentano et al. 2006), consequently affecting the quality of CSSS habitat and the sparrow
population (Nott et al. 1999enkins et al. 2003).Within the habitat of supopulation D,
vegetation has gone through different episodes of change over the past three decades, primarily in
response to the natural and anthropogenic alterations in hydrologic regime$981, the
vegetation was mostly the manlet prairie type, and the sparrow population at the time was about
400 individuals (Pimm et al. 2002puring the early 1990s, however, the vegetation changed to

a sawgrasslominated marsh type in response to prolonged hydompand high water conditions

in the area. These conditions resulted from both high rainfall during the-18@0s and an
increased water delivery into Taylor Slough since 1993 (Ross et al. 2Q@fisequently, the
sparrow population sharply declined (Pmnet al. 2002).Marsh vegetation prevailed till the early
2000s, and the sparrow population dropped from sight, as no sparrow was recorded for three
consecutive years (2022004). Later, in the second half of the last decade (200E0), the
vegetation wthin the region showed a drying trend, primarily in response to several drought years
(Sah et al. 2018). Consequently, the wet prairie vegetation was more widely spread in 2011 than

it was during the period of 206806 when a detailed systematic vegetasurvey was first
conducted at a network of sites located 1 km apart (Ross et ah; B¥6et al. 201d). Since the
baseline survey in 2011, vegetation composition has shifted back toward a wetter type, and
trajectory that might have implications orasw occupancy within the area.

A shift in marl prairie vegetation towards wetter type is perceived as the deterioration in the
available sparrow habitat qualityThe foundation for this belief lies in the fact that sparrow
occurrence is usually highastmuhly-dominated wet prairie with hydroperiods ranging between

90 and 180 days; concurrently, CSSS occurrence is less frequent in wetter vegetation types ranging
from sawgrasslominated prairie and marsh to beakrush seldggr{cospora tracyiand spikersh
(Eleocharissp.) marsh (Ross et al. 2@)6 In subpopulation A, west of SharRiver Slough,
researchers have also attributed a sharp decline in sparrow population to severe and prolonged
flooding in the mid1990s and the consequent change in vegetttisawgrass marsh (Nott et al.

1998; Pimm et al. 2002; Jenkins et al. 200B).Subpopulation D too, sparrow population has
sharply declined since the 1980s, probably for the same reason (Pimm et al. B00&ver,

within this subpopulation, a smabreeding population of sparrows has consistently been recorded
since 2006 by Julie Lockwood (20@610) and Tom Virzi (201-2015) from Rutgers University
(Lockwood et al. 2006, 2010; Virzi et al. 2011; Virzi and Davis 21RBL4; Virzi et al. 201p

The brd nests were generally found within an area of high ground in norttoeastal region of
subpopulation D (Virzi and Davis 20,13014; Virzi et al. 2015 whereground elevation is relative

high andWP vegetations dominant(Figure 6a).

In 2013, Virziand Davis reported thaéle total extent of occupied habitaas foundshrinking
each year, antheywondered if the decline was in response to changes in vegetation conditions.



An analysis of 2014 data hatsoshown thathe increase in mean vegetatioferred hydroperiod
between 2011 and 2014 was disproportionately higher at WP or CS sites than the M or SS sites
(Sah et al. 2014)At the WP and CS sites, inferred hydroperaalincreased by 11 and 13 days,
respectively.ln contrast, inferred hydroperidddincreased by only-B days at the M or SS sites.
The results had alshowed that vegetatiaat the existing WP or CS sitshifted towards wetter
types likely causing the sites to be less suitable CSSS haBitatveen 2014 and 2016owever,
there was no significant change in vegetatioferred hydroperiodKigure 8; Table 4), suggesting
that after 204, thehabitat condition did not declirany further In fact, WY 20142015was drier
than averageHgure 7), and total rainfall during 2015 wetesason was als®5.5%less than
average. This prolongeddry conditionsmight havetemporarily reversed the trend dfiange in
vegetation toward a wetter typand helped in improvement in habitat conditionghis was
evident by anincreasein ephemeralsparow population in both 2014 and 2Ql@&hich was
attributed to the extended favorable breeding se@&ari and Davis, 2014; Virzi et al. 2015).

In the Everglades marl prairies and ridge & slough landscdpebytrologymediated change in
vegetation comositionis usuallyvisible in 34 yearg Armentancet al. 2006; #eig and Kitches
2008; Sah et al. 2014) However,the lag time could be longer depending on plagtern and
magnitude ohydrologic changesncludingannual variability in hydrologicegime In addition
theunusuakxtreme hydrologic conditiomay also disrupt theegetatiortrajectories In general,
extreme weather events, such as tropical storms, cold events, flooding and drought, are well
recognized as the critical drivers of vegetatibarggan different ecosysterm@llen andBreshears
1998;John et al. 2003including those irsouth FloridaRoss et al. 208b; Miao et al.2009; Ross
et al. 2009).In South Floridaain events are closely associatgth ElI Nino-Southern Ostiation
(ENSO) In the winter of 2016,teong El Ninocausednuchhigher rainfalithan averageaesulting

in unusual high water level in southern Evergladesa normal yearwater level in eastern marl
prairies drops up to 100 cm below the ground in everysdagor(Sah et al. 2011b)But, in the
dry season (Novsii April 30 of 2016, meanvater levelat thevegetation survey transects in
CSSS suipopulation C, E and F was 17.5 cm above the growhith was33.5 cm higher than
25-year average However, wihin the habitat of CSSS sydmpulation D the condition was not
soextreme In the2016 dry season, theean water level at vegetation survey sites was 11.9 cm
above the groundvhich wasl15.4 cmhigher tharthe 25year average Though, the water level
washigh enoughhat the areavas not considered suitable for sparrow stud¥016(Dr. Thomas
Virzi, personal communication The longterm effect ofthis year dry season floodingon
vegetation is uncertain at the moment, and will also depend on the hydrologie negubsequent
years.

In the pastunusual high water conditian the breeding seasai sparrowhadnot only caused
crash of sparrovpopulatiors, e.g. sulpopuation A, but had also contributed tothe vegetation
shift from muhly or bluesterdominated marl wet piries to sawgrassominatedmarshwithin

the habitafPimm et al. 2002Nott et al. 1998).At that time, however high water conditionn

that areaontinuedfor next2-3 years due to both high rainfall ahwater deliveries through S12s
Thus,unusual dry season floodingltiowed by higherwater levelthan normafor multiple years
wasthe major cause of habitat degradation within the western marl prairies (Nott et gl. 1998
Jenkins et al. 2003 Due to similar reasons, decline in sparrow population and a shift in vegetatio
compositiorhadalso occurred in supopulation D (Pimm et al 2002; Ross et al. 2004; Virzi et al.
2011).Nonethelessthe habitat conditioin both subpopulationshas improved in recent years
(Sah et al. 2011a, bMoreover,even though theparrow populatioin subpopulation Dis very



low, a substantial increagenumber of sparrowsas olserved in last two years (Virzi et al. 2014,
2015). Thus,it is importantto minimize the chances of high water conditifor next couple of
yearsso that this year dry sgan flooding will not have lontasting adverse impacin sparrow

and itshabitat. This iscrucial especiallywithin the subpopulation Dhabitatwhere the hydrologic
conditions are likely to be impacted by project activiti€3nly a continued monitorig of the
vegetation as well as sparrow population dynamics can provide a conclusive assessment of
synergistic effects of 2016 dry seadtwoding and the project activities ahe future fate of the
existing CSSS population and its habitat.
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Figure 1. Vegetation survey sites within C11pr@ader Canal Western ProjécCSSS Sub
population D area.
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Figure 3: Vegetation samplingfA) Standing water at a site sampled in 20(B), Field crews
taking vegetation measurements in the field
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survey sites within the habitat of CSSS gdpulation D.
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Figure 6a: Vegetation types at 80 sites the habitat of CSSS syimpulation D within C1141
Spreader Canal Project Area. Vegetation type at each site was identified through cluster analysis
of species cover values at 688 sites, including 608 census sites sampled in three ye@rs) (2003
Vegetaton types represent from the the dry (red) to wet (dark blue) community types.

Figure 6b: Black-top sedge%choenus nigricansiominated vegetation at the siteOB-06.
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Appendix 1: List of CSSS sulpopulation D habitat vegetation magriing sites sampled in 201¥egetation types

are based on 2011 species composition data collected to document baseline vegetation condition. Vegetation type at
each site was identified through cluster analysis of species cover values at 688 sitesgi6oiBidensus sites sampled

in three years (20085). MWP =MuhlenbergiaWet Prairie; SOWP SchoenudVet Prairie; COWP €ladiumWet

Prairie; CM =CladiumMarsh; CRM =CladiumRhynchospor#arsh; RCM =Rhynchosporé&ladiumMarsh; ERM

= EleocharisRhynchopora Marsh.

PLOT X_UTM83 | Y_UTM83 | LAT_WGS84 | LONG_WGS84  Vegetation type
D-01-02 544353 2801406 25.328592 -80.559292 CwP
D-01-03 545411 2804404 25.355633 -80.548679 CM
D-01-05 546405 2803430 25.346807 -80.538834 CwP
D-01-06 546354 2802406 25.337561 -80.539376 CwP
D-01-07 547357 2802410 25.337566 -80.529409 SOWP
D-01-08 547475 2801337 25.327872 -80.528274 CM
D-01-10 548377 2801401 25.328421 -80.519309 CM
D-02-01 545335 2805354 25.364214 -80.549403 SOWP
D-02-02 546327 2805342 25.364075 -80.539543 CwP
D-02-03 546334 2804375 25.355343 -80.539507 CM
D-02-04 543345 2803363 25.346294 -80.569245 MWP
D-02-06 547321 2803391 25.346426 -80.529732 CM
D-02-07 548307 2802395 25.337400 -80.519969 CM
D-03-01 547329 2804365 25.355221 -80.529619 CwP
D-03-02 544322 2804348 25.355160 -80.559504 CM
D-03-03 546337 2801375 25.328251 -80.539580 CRM
D-03-04 545343 2801363 25.328173 -80.549457 CRM
D-04-01 542834 2802855 25.341721 -80.574339 CM
D-04-02 542831 2801856 25.332700 -80.574401 MWP
D-04-03 543326 2802353 25.37173 -80.569466 SOWP
D-04-04 543338 2801354 25.328152 -80.569379 CwWP
D-04-05 543835 2803855 25.350722 -80.564360 CwWP
D-04-06 543835 2802853 25.341674 -80.564392 SOWP
D-04-07 543832 2801857 25.332680 -80.564454 MWP
D-04-08 543832 2800854 25.323622 -80.564486 CRM
D-04-09 544836 2803855 25.350693 -80.554412 SOWP
D-04-10 544832 2801855 25.332632 -80.554518 CM
D-05-01 544836 2800854 25.323592 -80.554511 SOWP
D-05-02 545835 2803854 25.350653 -80.544484 SOWP
D-05-03 545835 2802849 25.341578 -80.544518 CWP
D-05-04 545831 2801855 25.332602 -80.544591 CWP
D-05-05 545833 2800854 25.323562 -80.544605 CM
D-05-06 546832 2803854 25.350622 -80.534576 CM
D-05-07 546833 2802854 25.341592 -80.534600 CM
D-05-08 546830 2801851 25.332534 -80.534665 RCM
D-05-09 546834 2800850 25.323495 -80.534660 CM
D-06-01 548330 2804355 25.355099 -80.519671 CM
D-06-02 548333 2803356 25.346077 -80.519677 CwWP
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