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ient transport in runoff to groundwater recharge or nearby
ice water bodies. Because trace elements might exceed the
'PA standards prematurely in a BMP detention basin, it is
ntial to monitor the amounts of trace elements within these
ns further and act to replenish the filtering media or modify the
ture of the basin to assure the best water quality.
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SURVEY OF AQUATIC MACROINVERTEBRATES OF A NATIONAL
WETLAND AREA IN BASTROP COUNTY, TEXAS

Peter H. Diaz!, Michael R.J. Forstner? and Weston H. Nowlin?
1U.S. Fish and Wildlife Service, San Marcos, Texas 78666
’Department of Biology, Texas State University
San Marcos, Texas 78666

Abstract.—The Lost Pines Ecoregion in East Central Texas is an ecologically
unique area composed of a diverse set of terrestrial and aquatic organisms, many of
which are on the western edge of their ranges within Texas. We assessed the diversity,
abundance, and occurrence of aquatic invertebrates in small wetland ponds located on
the Griffith League Ranch, a relatively intact remnant area of the Lost Pines. Seventeen
ponds were sampled for aquatic invertebrates and abiotic wetland pond characteristics
(e.g., wetland pond size and hydroperiod) from February 2006 to January of 2007. The
most common taxa found in all ponds were in the family Chironomidae (Diptera) and
the most diverse invertebrate group in the area was the family Dytiscidae (Coleoptera),
which was composed of 20 genera. Differences in species composition between small
ponds and large ponds were noted, such that many of the taxa present in smaller more
ephemeral ponds were in general not present in larger and more permanent ponds. The
difference in species composition between small and large ponds highlights the need
for different conservation strategies for managing ephemeral systems within a
landscape to maintain regional diversity. In addition, this information will serve as
critically important baseline data to assess the potential effects of the intense and
widespread 2011 Bastrop Complex Fire on the wetland communities in this region.

The Lost Pines ecoregion is an ecologically distinct region which
exhibits a unique mixture of geological characteristics, flora, and
fauna. Today, fragments of this system remain in portions of five
counties in East Central Texas with the largest remnant in Bastrop
County. During the Pleistocene Epoch, cooler and wetter conditions
in Central Texas led to an expansion of the flora and fauna of the
eastern US into this region (Toomey et al. 1993). As a consequence,
this area became a ‘suture zone’ for organisms of diverse
biogeographic origins, including the boreal, temperate, and
subtropical zones (Remington 1968). Episodic climate fluctuations
during the Pleistocene led to the loss of most of the boreal- and
eastern-associated taxa and the isolation of remnant populations,
creating the unique organismal diversity and floral composition of
this region (Al-Rabab’ah & Williams 2004). One example is the
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relict disjunct population of loblolly pine (Pineus taeda) representing
the westernmost extension of southern pine forest in the US. This
area is often called the “Lost Pines” and once covered several
thousand hectares. The Lost Pines region is also located along the
98t Meridian, which currently represents a zone of general transition
in the state between western-associated and eastern-associated taxa
(Blair 1950). Indeed, vertebrate and terrestrial insect communities in
this region contain a relatively large proportion of taxa of eastern
origin, indicating a unique faunal assemblage that is loosely
sympatric within this remnant loblolly pine forest (Raun 1959; Taber
2008). In addition to its geographically unique floral and faunal
assemblages, the Lost Pines contains one of the largest remaining
populations of the endangered Houston toad, Bufo (Anaxyrus)
houstonensis (Hillis et al. 1984; Duarte et al. 2011). Houston toad
populations overall are in decline (McHenry & Forstner 2009;
Forstner & Dixon 2011) and this decline is thought to be a
consequence of a restriction in their range due to habitat loss from
human development and changes in land use (Brown 1971; Brown
1975; Brown & Mesrobian 2005; Gaston et al. 2010). Within the
Lost Pines ecoregion, the Griffith League Ranch (GLR) represents a
large, relatively undisturbed tract of mixed post oak (Quercus
stellata), blackjack oak (Quercus marilandica) and loblolly pine
forest interspersed with post oak savannah habitat. Historically, this
region was subject to periodic wildfires that maintained forest
structure, but the presence of two state parks and a growing human
population in the area have led to fire suppression and a build-up of
understory fuel.

The GLR encompasses 1,962 ha and is located ~8 km north of
Bastrop State Park. Within GLR, there are nineteen known
ephemeral, semi-permanent, and permanent wetland ponds that serve
as potential Houston toad habitat (Jackson et al. 2006). Thirteen
ponds are designated as wetlands as part of the National Wetlands
Inventory (U.S. Fish and Wildlife Service 1993a, 1993b). Wetlands
ponds within GLR range in origin, size and hydroperiod (Table 1).
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Some ponds on GLR are naturally-formed depressions within the
landscape, while others are man-made livestock ponds <80 years old.
These wetland systems are the relatively drier upland counterparts to
the wetter dwarf palmetto (Sabal minor) and ash (Fraxinus spp.)-
associated Ottine Wetlands located approximately 60 km away in
Gonzalez County, Texas. Like the upland Lost Pines wetlands, the
lowland Ottine Wetlands are remnant swamp and marsh ecosystems
from the Pleistocene Epoch; however, the fauna of the Ottine
Wetlands have received comparatively greater attention (e.g., Taber
& Fleenor 2005). Although previous studies have addressed the
composition and occurrence of amphibians, terrestrial invertebrates,
and flightless vertebrates in the Lost Pines and GLR (Raun 1959;
Gaston et al. 2001; Taber 2008; Ferguson et al. 2008), there is very -
little published information on the occurrence and composition of
aquatic invertebrates in the wetland ponds of this area. Given the
conservation status of some of the aquatic-associated organisms of
the Lost Pines (e.g., Houston toads), the conservation priority of
wetland habitats in general (Ormerod et al. 2009), and the functional
importance of invertebrates in many wetland food webs (e.g., Chase
& Knight 2003), a survey of the aquatic invertebrate fauna of the
wetland ponds of GLR represents critically important information.

METHODS

The survey of the aquatic invertebrate fauna associated with the
GLR wetland ponds was performed from February 2006 to January
2007. Sampling for aquatic invertebrates occurred once a month
during this period, but was not conducted in July 2006 so as to not
interfere with Houston toad juvenile emergence and in December
2006 due to logistical reasons. Thus, ponds were sampled for
invertebrates ten times over the study period. On each date wetland
invertebrates were sampled and measurements of the area for each
pond were made. In order to estimate pond surface area, various
measurements were taken and the pond surface area was calculated
using the closest geometric shape. In addition, we estimated the
hydroperiod of each pond during the study period. Hydroperiod of
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Table 1. General morphometric aspects and taxonomic richness of wetland ponds on
Griffith League Ranch, Bastrop, TX during the study period. The table displays the
mean surface area, the proportional hydroperiod, and the number of genera/species
recorded at each pond (taxon richness, S).

Area (m?) _ Hydroperiod Richness

1 47197 i 66
2 815.89 1 55
3 15.83 0.4 5
S5A 69.94 0.4 36
5B 309.28 1 51
6 23.35 0.5 8
7 46.78 NA 30
8 43.51 02 18
9 212.23 0.9 55
10 212.65 1 4
11 356.97 1 49
12 23212 1 43
13 19.64 0.7 11
14 24.15 0.8 15
15 67.15 0.7 23
16 1334.88 1 46
17 0.51 NA 7

each pond is expressed as the proportion of sampling dates (n = 10
dates) which the pond contained water. Invertebrate sampling was
performed with a 500 um mesh dip net. Each pond was actively
sampled for a 15 minute time period, ensuring all available
mesohabitats were sampled. Collected invertebrates were preserved
in the field with 95% ethanol and returned to the lab for processing
and identification. Invertebrates were identified using taxonomic
keys to the lowest practical level, typically to genus (Merrit &
Cummins 1996, Thorp & Covich 2001).

RESULTS

From February 2006 to January 2007, there was a pronounced
period of drought in the region and only seventeen of the nineteen
ponds contained water and were subsequently sampled for
invertebrates. During the study period, the mean water surface area
of ponds ranged from 0.51 to 1334 m? (Table 1). Of the seventeen
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ponds examined during this study, seven held water for the entire
survey period (proportional hydroperiod = 1; Table 1). All other
ponds exhibited less permanence and held water for only a portion of
the survey period (range of proportional hydroperiods = 0.2 — 0.9).
Ponds 7 and 17 were not located until fairly late in the survey (June
and December respectively); therefore hydroperiod could not be
calculated for these ponds.

During the survey, we collected a total of 25,233 individual
aquatic invertebrates comprised of 19 orders, 57 families and 114
genera (Table 2). The most diverse family across all GLR wetland
ponds was Dytiscidae (Coleoptera), which was represented by 20
genera, followed by the family Libellulidae (Odonata) with 14
genera. Aquatic invertebrates found at the GLR consisted mainly of
lentic taxa, as indicated by genera such as Hydrometra (Hemiptera:
Hydrometridae), Curicta (Hemiptera: Nepidae), Pelocoris
(Hemiptera: Naucoridae), Orthemis (Odonata: Libellulidae),
Erythemis (Odonata: Libellulidac), and Celina (Coleoptera:
Dytiscidae). These genera are largely associated with non-flowing
lentic systems (Merritt et al. 2008). Among the GLR wetland ponds,
Pond 1 had the highest richness (S = 66), with Ponds 2 and 9 having
the second highest richness (S = 55) (Table 1). The most ubiquitous
family found in GLR wetland ponds was Chironomidae (Diptera),
which was present in sixteen ponds. Other widely distributed taxa
included the mosquito genus Aedes (Diptera: Culicidae) and the
mayfly Callibaetis (Ephemeroptera: Baetidae), which were both
present in thirteen ponds.

DiISCUSSION

Several aquatic invertebrate taxa found at GLR exhibited
occurrence and distribution patterns in GLR wetland ponds that have
implications for conservation and management of the Lost Pine
wetlands. The fairy shrimp Streptocephalus, (Branchiopoda:
Anostraca) was found in three wetland ponds (Ponds SA, &, and 13)
in October and November 2006 and January 2007. Although




THE TEXAS JOURNAL OF SCIENCE-VOL. 64, NO. 2, 2012

X X X vpopuvd ELIIECLS
X X X xopdipoadig 2epIMIPqLT

X X X X X X DDA SEPINIIOqr]

X X X X 123y DALY SepI{[aqrT

X X X X e 2epINIIoqry

X X DY LI0NDT SEpINIqrT

X X X X X X X X X X Lichiy] QepINTdqrT

X X X X X stuuadiBuo] xojdip&yovd QEPINNPqIT

X X X X X X X X X 1pd] suuinga]d oepINqr]

X X oipuvjdap vuopv] SEPINTIOqrT

X X X X X X X Duwa3v]Ug SEPIUOLISEUIO)

X X X X X X X X DAAUYOS] EPIIOLIZRU0D

X X X 184y 9eprIoLIZBUS0)
BlReuUopO

X SHIPLIVGOIIUID]) aepuoeg

X X X X X X X X X X X X X SHavQHIv) sepnoeg
X X X X X X st aepruse)
vaaydoromwaygdy

X X X X X X X sepriiqowoyuy
X X SEpLINTHITIS

X X X 2epLnpod
BOqUId0D

71 91 ST ¥1 € ¢ 1T ol 6 & L 9 d ve ¢ T 1 seroadg A[rweq/19p10

‘puod ey ut jueserd sem TOXe) © 31 SaJEUSISSP (X,
spuod puepopy sexa], ‘donseq Ul ‘qouRyY onSeo] ML U0 spuod pueom Jo AoAms 9

G

e pue mox doj T 850108 PI)SY e (s1equnu (J] Puod oy1oads £q poreuSissp)

1 Sunmp parmydes sepeIqaueAul oienby g o[qeL

G e




63

X DXLIOODUID S SBPIXIIO)
X X X 031§ 9BPIXLIO))

X vXLI0D20YdWDY BPIXLIOD

X X X X X X X X X DXLLOD0YILLT 9BPIXLIOD

X X X X DS11020.43UD)) JBPIXLIO))

b'e X DXLL020.42dSIF] JePIXLIO)D

X X vx110203dD.A0) SBPIXLIO)

X X X DIOLINY) seprdeN

X X X X X v.auvy seprdoN

X DLIDULOAPAET SBPLIOWOIPAH]

X X X X X X X . va1dosy oepIa[d

X X sniaodouur T oBpLLIDD)

X snuoSouuary SBpLLIdD)

X X X X X X X X sniwnby 9epliah

X X X X X X s21pqoda4] 9BpLIRD

X vI0DLIBI 2epuUqey

exdydromoyy

X X X X X snyduion sepryduron

X X vLiadog BpIUYSYY

X X X X X X X Xouy SEPIUYSSY

X vuysay oBpIUYSAY

X X X X X §a152'] SEPLSY]

X X X X X X X vinpaods SEPIOPIOH

2 X X wnyoduidy owprnIIeqr]
o X X X X X X X StzYIA0 SEPIMI[3QIT
M, LT 91 ST 1T €1 21 11 Ol 6 8 L S5 d V& ¢ T 1 FEIRERN A[rue 3/19p10
) 0D "TRIqBL

a

[

o~

o X X X v epIn{Eqr]
> X X X xojdipopdis oeprmIaqrT
v X X X X X X DoUDA], SepIIqr]
o X X X X 1230y VLAY SepIMIqr]
w X X X X suusyilig SeprNIeqIT
mw X X DIULYLI0INDT sepImIEqr]
= X X X X X X X X X X vnpaqr] Sepnyeqr]
m X X X X X stuuadiZuo] xojdipdyovd QepINqr]
& X X X X X X X X X vIpA] StuyIald SEpIM2qY]



Mv Ll 91 SL vL el ¢l 11 vk o 3 L Y a¥ vy ¢ b i ~ E
A 000 "7 3[4eL
o
3 X X X X X X X X X smdypH seprdieq
o X X X X X sapdposfed aepyder
e X X $914198 9BpIIIOS
3 X sepuAeI
3 X X X X X X SEpIIONMOI))
W eaa)doajo)
& X X sapoynvyD sepIEpAIo)
W e1aydofeSoN
Q X X snquiv4) JEpIqUIET)
B X X X oy duidN JepIquIes)
] eiaydoprdoy
m X pay1adx0 seprndorpAH
2 X X X X DIYOLIOYLO seprudoIpAH
o X X X X X X X s12250) sepHes0yde ]
M ©10)dogoLLY,
= X X oeprd[eoNA1D
% ev1ojdoqriQ
a X X X X X X X X D1240SIH] SEPURA0SI]
X X X DIPAOL SEPIPA
X X X X X X X X X vousng SEPNOSUOION
X X X X X X X DIOPUOION 2BPIIOSUOION
X X X X X X 514000124 SEpLIOdNEN
X SnI200Y1a7] sepyemolse[ag
X X X X X X X vuio1sofag seprEmolse[ed
X X X D]125140D SEPIXLIO)
71 91 ST ¥l € ¢ 1I Ol 6 8 L 9 € V& € T 1 saradg Arme/19p10

00D "7 9198 L




v
\o

X sniqo4pA seprgdoIpAy

X X SADYIOI3E] sepydoIpAy

X X sniodojary seprrqdoIpAy

X SHADTULOTON SBPLISJION

X X SAYIUDI04PAFT SBPLISION

X snvan) oeprosnAQ

X X siprqnu smoLSALT oprosuAQ

X pywoolfap vrysvidowsa(y SepIosnAQg

X X X X X X X X X sngo3y seprosniq

X X X X snuwogoido)) oepIosnA(

X snpjado) aepRSNAQ

X X X X 4215194D seprosuiQg

X X STIDAOLPAET Seprosni(g

X X X X X X SNID10SDfOL31U SMIDIUOULIDY | JBpSNAQ

X X X SLIDJISDG SNIODUOULIDY seprosni(g

X X SUpUDI STUDYY oeprosuiq

X X snjouossaprg oepIOSNAQ

X X Duya) oeprosui(q

X X X X X X X X X X X snpiydooovy seprosniQq

X X snssapory eprosnA(g

X D sniodoan seprosni(g

X X X X smpiprutp sniodoay oeprosuiq

X X X X X X X X X snppnpun sniodoay oeprosniq

M. X SNSSapIqOIN SepOSNAQ

H X X snptayos0opouy 2eprosSnA(L

M, LT 9T ST %1 € T Il 0l 6 8 L 9 €5 ¥S € ¢ 1 sarads A/ 15p10

A WoY) "CRlqgEL

m X X X X X X X X X smdivE seprdrey

M, x X X X X saidporad seprdneH

o < X §274108 SBpUIOg

“ SePLIAIOIN
<t X I

M X X X X X X SepIIONNOINY

o exadoajo)

w % X sapoynpy) aeprEpAIO)

m vax2ydofeSo

m e X SNQUUDL) 2BpIqUIRI))

o X X X nappydudyy oepIquIEr)

M exaydoprdory




m X X X X X X X X X X X sapay LLauchie]
~ X X X X X X X X X snjaydouy claydlive]
m X X X snioguoys 9epLIOqeoy)
3 X oeprprdmyg
i X oepIZATOIg
e X X X X X X sepukyda
& p'e X sdosdiy) oepreqe],
Z X SNUDQDI00N2T SepIURgE ],
m X SNUDGDIOA0TYD) seprueqe],
= X X X X X X X sepraogodojera)
, X X X X X ¥ X X X X X X X X SEPIOTOIT)
vxaydiq

m X vrydognd oepTITH
m snyoury SEPIYOTT]
= X X snuLdo oepruLAD
i X smauiq owpraLAD)
% X SNY204PAET QBPIYI0IPAH
= X X X X X X snuvivd oepiydoIpAH
X X X X snsodag seprrydorpAH

SnAyooUT seprgdoIpAH

X X midpoiquid) seprrydoIpAy

X X snjydospdy sepmdopdH

X sn1Go2oDT aeprirqdoIpAH

X X X X X X X s1p4o10] sniLizisido4] sepr(gdoIpAy

X X X X X X X SLD]100 SnuL21SId04T aseprqdopAy

LT 9T ST %1 €1 21 1I O L 9 dS VS T 1 sa1o0dg Aqrore,3/10pI0

U0 T 91qEL




67

DIAZ, ET AL.

AL OF SCIENCE-VOL. 64, NO. 2, 2012

X X X X X X X X X X epidodopog

X X X X X X X X X X prodopA)

X X X X X X X X X prouere’

X pnotqio)) 9BPINOIQIO0T

EPIOIdUW A

X X X X X X X smploun1agagy seprouy

X X X X X X X X X X vsdy g sepiskyq

X X X X X X Smauapy Jeplqioue[d

X DULOSIIOET Jeprqroue[q

eqdoumry

X X 1vas snpydao03dais sepreqdsooldeng

vIvnsouy

X puydoq seprugdeq

X X X X X X X X X X X X X snjpydasouis seprydeq
BIDOPELD

X X X Dyj2ANUAg seppoiuoFuer)

X X X X pjjoAEy sepIf[erRAl
epodmydory

X viduwouop aeprAmonens

X X X X X eeprndi],

X X X X X X X X2y SBpRIMY
X X X X X X vasyn) SEPRIM)
LT 91T 61 +1 €1 TL 11 O 6 L 9 d§ V§ T 1 seoadg AJrooe /40p10
0D T eIqRL

X X X X X X X X X X X sopay epIoImy
X X X X X X X X X X snppydouy 9eproImy

X X X X SnAL0qUoY7) SepLOqEOYD)

X eprpidwy

X epIZAWONg

X X X X X X sepuAydy
X X X sdosduyy oepIUEqR],

b’ SnupqpomaT Jeprueqe],

X snupqvioL0[Y)D) oeprueqe],

X X X X X X X X sepruogodoreIs)

X X X X X X X X X X X X X X X SRPIIOUOIIYT

I




68 THE TEXAS JOURNAL OF SCIENCE-VOL. 64, NO. 2, 2012

anostracans commonly occur in temporary pond communities, these
animals require periods of habitat desiccation in order to complete
their life cycle; the ponds in which they were found on GLR all
exhibited a period of drying during the study. Indeed, it appears that
wetland pond size and hydroperiod play important roles in the
occurrence of a suite of other invertebrate taxa on GLR. For example,
Ponds 3, 5A, 8, and 13, 14, and 15 are relatively small ponds with
shorter hydroperiods (Table 2). These ponds contained invertebrate
taxa that differed from the larger, more permanent ponds. Genera
only found in these smaller ephemeral ponds include Enochrus
(Coleoptera: Hydrophilidae), Neoporus (Coleoptera: Dytiscidae),
Notomicrus (Coleoptera: Noteridae), Laccobius (Coleoptera:
Hydrophilidae), and deshna (Odonata: Aeshnidae). Not only do
smaller ponds contain different invertebrate communities, it is also
hypothesized that smaller ephemeral ponds are better breeding
environments for the Houston toad (Gaston et al. 2010) because they
are typically fishless environments, have softer benthic substrates,
and less steep banks for exiting juvenile toads (Forstner & Ahlbrandt

2003).

Anthropogenic changes to land cover patterns in the area and
alteration of the regulations surrounding wetlands often impact
ephemeral wetlands first, leading to their loss from the landscape
(Brooks & Paton 2005). In the Lost Pines region, losses of ephemeral
wetlands are coupled to numerical increases of non-ephemeral man-
made impoundments, thereby exacerbating the decline of its most
prominent conservation icon, the Houston toad (Gaston et al. 2010).
Based upon the findings of this study and others, data indicates that
for conservation purposes, small ephemeral ponds in the Lost Pines
region should be considered ecologically distinct and necessary to
maintain high local and regional biological diversity including wild
populations of the Houston toad.

The occurrence and distribution of several invertebrate taxa
within GLR wetlands suggest interesting and unique patterns of
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organism dispersal. The amphipod, Synurella (Amphipoda:
Crangonyctidae) was present in four wetland ponds (Ponds 3, 5A, 14
and 15). Like many of the organisms in the Lost Pines region,
Synurella has a more eastern distribution in Texas with Bastrop
County being the western extent of its range (Holsinger 1976).
Synurella and other species of amphipods do not have desiccation-
resistant life stages and require the presence of water for their
continued persistence in a habitat. The occurrence of these
amphipods in ephemeral ponds suggests that there is a primary
source of Synurella in the landscape and individuals can immigrate
to ephemeral ponds after habitats are re-wetted. Migration of
individuals might occur horizontally and passively through surface
runoff connections between ponds or through vertical movement of
individuals if amphipods aestivate in damp sediments below the
exposed benthic surface (Batzer & Sion 1999). Alternatively, these
amphipods may use groundwater pathways to disperse to re-wetted
ponds. For example, Harris et al. (2002) (Monroe Co., New York)
found that another species of Crangonyctid amphipod (Crangonyx
pseudogracilis) inhabited shallow water tables and used groundwater
connections to disperse and emerge into re-wetted ephemeral ponds.
Our findings indicate that future efforts should focus on the relative
importance of different dispersal mechanisms of organisms which
are thought to have their distributions limited to permanent ponds in
landscapes.

In September 2011, the Bastrop County Complex Fire burned
>12,000 hectares in the greater Bastrop area, including substantial
portions of the Lost Pines in Bastrop State Park and the Griffith
League Ranch. Historically, the Lost Pines area and other western
forests were subjected to a periodically-occurring natural burn
regime, but fires have been suppressed by humans for much of the
last century resulting in fires of far greater intensity than cyclical fires
that occurred pre-suppression (e.g., Minnich et al. 2000). Given the
extreme intensity of the recent Bastrop County Complex Fire, the
unique nature of the Lost Pines wetlands, and the listed status
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established by the U.S. Fish and Wildlife Service for these habitats
associated with Houston toads (Gottschalk 1970), examination of the
responses of these aquatic communities to this burn incident is key.
This invertebrate survey can serve as baseline or pre-burn data in
order to examine the aquatic invertebrate responses to this event.
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