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1 Executive Summary

The brackish water clam AtlantiRangia cuneatéRangia cuneatg is an important native
species in the upper portion of most Texas estuaRasgia cuneatelams are oécological
significancebecause of themole as a filter feeder, converting detritus and phytoplankton into
biomass and serving as an important food@®{or fish, crustaceanand water fow(LaSalle

and de la Cruz, 1985Previous research, executediherstates, indicates thRangia cuneata
has stricshorttermsalinity requirements for reproducti¢@ain, 1973) These needs, as
opposed to agets of adult physiology, are thought to be the primary control on the habitable
range for the species (Hopkins and others, 1973; Cain, 1975). Betdlneemportance of the
species and the ability to relatalinity needgo theflux of freshwater reding anestuary,

Rangia cuneathas recently become one of the primary indicator species for establishing
freshwateiinflow regimes for Texas estuariegsg. GSMABBEST, 2011) However, eéspite

this newfound focus orRangia cuneati Texas, there haseen little specific study of this
species anche factors whictappear tdimit its occurrence andistributionint he st at ed s
estuaries

This study utilizes a novel approach to charactesadnity patternsfocusing on thosehich

may limit Rangiacuneatadistributionin Texas estuariesThis new approach to describe salinity
patterns integrates salinity magnitude (e-g02arts per thousand), duration of occurrence (e.g.
30 days or longer), and periodicity ofeecurrence (e.g. ¥reccurring aleast once per five

years). Specific magnitude, duratipand reoccurrence values are examined that would appear
to be explanatorfor the geographic distribution &angia cuneatdased on scientific literature
relating studies of h e s perraducdensaid life history informatiomn other locales.

The study uses the interlinked Guadalupe Estuary (also generally known as San Antonio Bay)
and MissiorAransas Estuary (also known as the Misshoansas Copano Bay systeay the

focal area. Theewintegrativesalinity variable isdeveloped aselecedpointsin these etuaries
using the salinity predictions of t hédortheex as
19872009 period The point datare then mapped and contoutedievelop spatial pattern data
which can be examined fohér correspondenct theapparentirea ofRangia cuneata

population The goalis to achieve a better understanding of iergnre-occurringpatterns of
salinitythat may exhibit a controlling infence orRangia cuneatin Texas estuaries

Severake-occurrirg salinity patterns that would appear toneeessaryo supporiRangia
cuneatareproduction and recruitmemere examined. Thgrimary salinity examined was the
widely-citedrange of2-10 parts per thousangeeded for larvae dtangia cuneat#o survive
immediately after spawnin@.g. Hopkins and others, 1973)lso of prime importance were
periods of 15 or 30 days in which salinity was continuously in that ramtfethese periods
choserbased in inferences from other studieRahgia cuneatandicating the duration of the
salinity-sensitive larval staggain, 1973) Although thee were the key salinity range and
durations, others were tested for completeness.

The study found that men salinity patterns are characterized in this way, there is an expected
drop off in the frequency of occurrence of favorable conditions for reproduction and recruitment
of Rangia cuneatas one moves from the upstream portions of the examined estoarsedg

the highersalinity points of tidal exchange witthe Gulf of Mexico. However seemingly

1
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favorable salinity conditions of sufficient duratiare so widespread and of such frequent
occurrence that they alone do not apgeginly explanatory in describing the limit to the
population distribution oRangia cuneat& the examined estuariefn other wordsRangia
cuneataappear to inhabit a much more restricted portion of the estuaries thealitiity
patterns that wouldhitially appear limiting can explainThese findings are, of course, given
with the caveat that the data available for the spatial distributiBangia cuneatanay be
somewhat inadequate.

In addition to these primary searches for explanatory salinity psitie study also examined
the possible role that another saliditgsedeproductiverequirement maplay: the need for an
abrupt salinity change to initiate spawnegwasfound in a single study in VirginigCain,

1975) While the early larvae dRanga cuneatawould still require the supportive salinity
conditions described above (salinity and duratiom(hsa spawsnitiating episodevould
essentialllc o n st i t twandtonoa fFmorre,t he sciiopntdeidtyi ono was base
salinity change ttas (rise / fall magnitudever certain number afays) thatmay initiate
spawning based on the Virginiadyu Comparisons of the frequency ofaecurringfavorable
salinity pattern®f appropriate salinity and duratievere madewith and without the g
condition. The resultshow that ths additionalfi p -coaditiono as tested in the Guadalupe and
MissionAransas Estuarieappeas to be very restrictive and may haaeditionalexplanatory
power regarding the limits dRangia cuneat@opulationdistribution This needs more
investigation than was possible in this study. Such abrupt changes, if indeed controlling
spawning, may indicate the need for pulses of freshwater inflow as oppatatlénflows that
hold salinities in a specific range

Additional factors that may play a roletime longtermlimit onthe population distribution of
Rangia cuneat@ areas furtheramoved from freshwater souraasuld include predateprey
relations, competition, disease and parasites, or simply leckaviorable substrate for
burrowing.

Even areas typically having a high abundancRarigia cuneatanay experience occasional
population setbacksAs observedluring first-hand field observatiorfellowing therecord

setting drought of 201 xhere wasvidespread mortalitpf Rangia cuneatan theupper portion

of theGuadalupe Estuarp areas that are typically heavily populated with rangia. This may or
may not have been caused by the probable extended pedaslightinducedhigh salinities in
thisarea. AlthoughRangia cuneatadults have been observed to withstand up to 30 ppt in
laboratory settingsHattillo and others 1995they are seldom found in areas with salinity above
15 ppt very oftenHopkins and others, 197BaSalle and de la Cruz985). Howeverthere do
notappear to have been explicit leteym field studies of the effects of high salinity exposure.
Any potential role of high salinity in limiting the population distributiorRaingia cuneatais

likely expressed in an interacting fashion with effects from other variables such as temperature
and duration of exposu(@attillo and others, 1995).

If there does exist an upper limit of salinity tolerabhg&angia cuneatadults even if it must
co-occur with other environmental stressors, this trait the habitable arean the seaward
side. This would be in opposition tong-standingopinions (Hopkins and others, 1973; Cain,
1975)thatsalinity-basedimits onreproduction and recruitmeatethe main or onlycontrolon
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the populationdistributionof Rangia cuneataObviously, there is ample need for additional
Texasspecific studies odRangia cuneats investigate the specifics of their apparent salinity
modulated reproduction and recruitmeat early life stages and the controls that salinity and
other environmental parameters may exert on the adult population.

2 Introduction

The brackish water claitlantic Rangia cuneat@Rangia cuneatg is an important native
species irthe upper portio of most Texas estuarie®Rangia cuneat#s generally found in the
portion of an estuary where salinity typically is less thapdrs per thousangpt) (Hopkinsand
others 1973) The ecological significance &angia cuneatéies in its roleasafilter feeder
converting detritus anphytgplankton from the watezolumn into biomass and serviag an
important food source for fish, crustaceaars] water fow[LaSalle and de la Cruz, 1985)

Previous research, executed primarily in Atlantic saath and other Gulf states, indicates that
Rangia cuneathas strict salinity requiremenfisr reproductiorand recruitment of larval stages
into the adult populatianTheseneeds as opposed to aspects of adult physiology, are thought to
be the primary a@ntrol on the habitable range for the specdiéspkins and others, 197&ain,

1975). Because salinity can be related to the flux of freshwater reaching the eRialagya
cuneatahas recently become one of the primary indicator species for estabkstirgine

inflow regimes for Texas estuaries. For exanid@gia cuneatavas used by four of the Senate
Bill 3 (SB3) Basinand By Expert Science Teams in their work to develop a schedule of inflow
guantities to maintain a sound ecological environmentir respective estuaries (SBBEST,
2009; TRSBBEST, 2009; CEBBEST, 2011; GSMABBEST, 2011).

Despite this newoundfocus onRangia cuneatghere hadeen little Texaspecific study of
this species The factors which limiRangia cuneatdistribution in Texas estuaries are
unknown though generallytheirabundance tends to decreasalistance from the source of
freshwater inflow i¢e., theriver mouth) increas@PWD, no date) Therefore, it is probable
thatRangia cuneatpopulationsare limited by the lack of favorable salinity conditions as
distance increases from the mouth of rivatBough other factors such as predgcay
relations,competition,disease, or lack of a favorable substrate maymspa role

This study rigorously examinethe frequency and duration of reocéngrspatialsalinity patterns
which maylimit Rangia cuneatdistributions inTexas estuariesThe study relies otne
interlinked Guadalupe Estuary (algenerallyknown as San Antonio Bay) and Missifinansas
Estuary (also known as the Misst@inansas Copano Bay systeas the focal are@rigure 1)

To examine salinity patterns on a spatial babkis,study developed a novel mbpsed method

of characterizing key reccurring salinity patterns utilizing a frequency ofoeurrence
approach. This new approach to describing salinity patterning devedafiaity variableat

many specific points ithe estuary systemlhe new variable integrates salinity magnitude (e.g.
2-10 parts per thousandduration of occurrence (e.g. 30 days or longer), and periodicity of re
occurrence (e.g. feccurring at least once per five years). These point datherertapped and
contoured to examine the correspondence between this new salinity pattern variable and the
known area oRangia cuneat@opulation in an example Texas estuafis new technique for
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portraying salinity may also prove of general utility ansuite of maps are provided in an

appendix.
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@ Mission
2
\Y
v
' Guadalupe
y Mesauite Estuary
O Bay
y
)
12}
O
X . .
Mission-Aransas
Estuary
¥ [ T | 1
0 5 10 15 Miles
K™
Figure 1. The Guadalupe and MissiorAransas Estuary systemocated along the central Texas coast

The longevity and strictalinity-controlledreproductive requirements Blangia cuneata

combine to make aideal test case for examination of the potential for how periodically suitable
environmental parameters might act to condition the spatial distribution and abundance of sessile
estuarine organismg:urthermore, ¥ determining the salinity magnitude, dtioa, and re

occurrence factors that appear to limit the extent and persisteRemgifa cuneatathis study

will provide a better understanding of one of the mechanisms by attekdfreshwater

inflows may impactan estuary
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3 Uncovering Key Salinity Patternsin the Guadalupe and Mission
Aransas Estuary System

The objective of this study is to examine if keyoccurring salinity patterns, which would

appear necessary fo@production and recruitment Bangia cuneatecan explain the population
distribution ofthe species the interlinked Guadalupe and Missinansas Estuaries These
interlinked estuaries were selected as the focus of this effort becausgrdstiece oRangia
cuneata(GSMA-BBEST, 2011) The interlinkage between thesstuaries refers to the fact that

the salinity behavior in much of the Missidmansas Estuary is closely tied to the freshwater
inflows occurring into the adjacent Guadalupe Estuary as found by the GEBEST (2011).
Theseestuaries are alsooreor-lessin the middle of the Texas coastd exhibitpronounced
variability in salinitywhich is an ideal setting to examitie role thasalinity may exhibit on
controllingthe population distribution dRangia cuneata Also contributing to this choice of

focd area is that the Texas TWBUENDsaliDtytvaasbastp ment |
and circulation model, the primary source of salinity data for the study, was recently recalibrated
(Guthrie and other010aand 2010b) and inflow estimates refinedtfuis estuary system

(Guthrie and Lu2010).

The recent efforts of the Guadalupe, San Antonio, Mission, and Aransas Rivers and Mission,
Copano, Aransas, and San Antonio Bays Basin and Bay Expert Science Team-BBH3A,
2011) analyzing TPWD data (TPWDp date)learly showed thaRangia cuneatand a similar
specieRangia flexuosaBrown rangiahave been founoh a large portion of thessstuaries

(see Figures 2 and.3Yhere is veryimited literature available oR. flexuosa Howeverthe

fact that thewo speciecommony co-occur geographicallguggests that they hasenilar
ecological requirements atile GSMABBEST ended up lumping the two species togediser

will be done in this studyFor the remainder of this discussion specagivironmental
requirements foRangia cuneatare utilized with an assumption that they may also apply to the
apparently intermingled population Bingia flexuosa

There are some significant features of this TPk&Bgiadata that are important to lhigght.

Oneis acaveat that the GSMBBEST (2011) discussethe abundance and extent of habitable
area for botlRangiaspeciesn these estuaries, and the others in Texas, are not directly known.
The characteristics of tHeangiapopulation canonlybenf er red fr om fAacci den:
sampling data of th€oastal Fishées Resource Monitoring PrograshtheTexas Parks and
Wildlife Department (TPWD).The Rangiainformation in the TPWD databa$EPWD, no date)

is from trawl equipment that is drggd along the bottom and occasionally digs into duensent
layer and gatherspecimen®f this burrowing speciedVhile this data is clearly far from ideal,

in the absence of a targeted and comprehensive sampling study, it is the best available and is
thought to be generally indicative of the population distributions for theRmvmjiaspecies
(GSMA-BBEST, 2011).

Also importantto consideis the time scale of the field sampling dttat are available Since
these figures are the composite of all samples taken over the entire 28 years of sanspling, it
quite possible, given the biology BRingia cuneataeproduction and recruitment (discussed
briefly above and more belowhatnot all of therangiafoundthrough time would be found
continuously. The abundance, especially ®angia cuneatan the upper portion of the

5
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Guadalupe Estuary may indicate that it is a permanently occupiedatesmme other samples
in what are typically more saline, mag butliers due to sporadically suitable reproduction
conditions Examining the potential role that salinity patterns may play in limiting the
population distribution is, of course, the focus of this study.

Legend
catch per hour
e 4-102

O 102-395
© 395-1,006
O 1,006-2479

= . : - O 2479-4898
Atlantic Rangia composite 1982 - April 2010
TPWD Coastal Fisheries Resource Monitoring Program @ 400813122

Figure 2. Atlantic Rangia cuneata(Rangia cuneda) in the Guadalupe Estuaryand Mission-Aransas
Estuatybased on the data from Tex asCodtalFisheiesand Wi | dI

Resource Monitoring Program (TPWD, no date). Fgure from GSMAC-BBEST, 2011

Understanding the relationship between $glipatterns andRangia cuneat@opulation

distribution is complicated by the high variability of salinity in most Texas estuaries over the
course of a season and among years (Longley, 1994) and the life history characteristics of
Rangia cuneatéself. Salinity variability, and indeed the frequent occurrence of unfavorable
reproductive conditions, may still allow for a vialitengia cuneat@opulation as pointed out by
previous researchers (e.g. Hopkins and the others, 1973; Cain, 1975). This is dassible
sever al factors, the first being that the cl a
(Fairbanks, 1963), with a maximum of perhaps ten to fifteen years, (La Salle and de la Cruz,
1985; Hopkins and others, 1973). Second, only thg &aslal stages appear to exhibit the

rigorous lowsalinity needs; adults are tolerant of a much broader range of salinity (Cain, 1973).
Thus, ideal conditions supporting reproduction and requirement do not have to be met each year
to maintain a viable gaulation.
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Legend
catch per hour
o 4-102
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Brown Rangia composite 1982 - April 2010
TPWD Coastal Fisheries Resource Monitoring Program

Figure 3. Brown Rangia cuneata(Rangia flexuosa) in the Guadalupe Estuary and MissiorAransas
Estuatybased on the data from Tex asCoditalFigheiesa n d
Resource Monitoring Program (TPWD, no date). Fgure from GSMAC-BBEST, 2011.

An addedcomplexity in relating salinity patterns aR@éngia cuneatdaistribution isdue to the
potential sptial variability of salinity through multiplspawning seasanthe area of larval

survival couldshift spatially amongyearsded i ng t o conf usi on about
permanent habitatioversus those in an area with suitable reproduction and recruitment
conditionsmetonly very infrequently

3.1 Biologic Underpinnings

Establishing an explicit spatial linkage between reocegrsalinity patterns andangia cuneata
distribution requires not onlye analyses of @bust set ofalinity dataof broad areal coverage
(described belowputalsoa focus on the particular characteristics of salinity that appear
biologically significant. As alluded to earlier, the totality of studies on the salinity needs of
Rangia cuneatéor reproduction and recruitmewere executedutside of TexasThese
appaent salinitymodulated reproductive needs will serve as the defalues for this study,
althoughsomeattention will be given to their suitabilifpr Texas

t

Wi | dl

h e
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The basic requirement of salinity in the range-df02parts per thousand (ppt) for eadyal

survival is a frequentkgited reproductive characteristic of the species (e.g. LaSalle and de la
Cruz, 1985Harrel, 1993. This is highly simplified finding of the rigorous work of Cain

(1973 whotestee mbr yoni ¢ ( a. k. d@latel fae ssumegior Ramgiacaneata) and
over abroadrange of temperatugnd salinity conditions. Cain tested temperatdrem 8 to 32

XC, in equalincrementd8, 16, 24, 3C], and salinity conditionsanging from2 to 20 pptin

equal 6 ppt increment2[8, 14, and 20 ppt]JAdditional test were performed with O ppt salinity.

Cain found that the embryonic stage, up to just 48 hours after spawninigresmost

sensitiveto salinity conditions Survival rates fothis stagavere0% for salinities lelow 2ppt or

above 14 ppt regardless of temperature. The optimum conditions for embryosneiasied to

be6 - 10 pptin combination with temperatures between 18 andg29Both the stated salinity

and temperature limits were apparently developeuahteypolationusing abi-variatei r e s pon s e
sur f ac e dgelaéng survivato the various combinations of temperature and salinitye
experiments with late larvaérom 2- 7 days of age, found a broadgtimum conditionsange

covering from 2- 20 pptover the entire tested temperatures range of 8 an@.32

In later fieldbased research, Cain (1975) examined the apparent environmental controls on
Rangia cuneatapawning. His esear ch in the estuarin®ungporti or
that spawning wasiggered by a rapid increase or decrease in sali@gin found thaRangia

cuneatan lower salinity portions of their habitat (nearer the freshwater source) spawned after a
rapid rise in salinity while those at tbéherhabitat extrerabehaved in the opposite fashion.

Cain postulated thahése responses appear to be a mechanism for accomplishing synchronous
release of eggs and spermhis spawning under abrupt changes in salinibyld also appear to
maximize the potential for tharivae to recruit into new areas if the favorable salinity conditions
temporarily extend upstream or downstream. Once the larvae settle and begin to develop a shell,
they can tolerate completely fresh water conditions at the upstream end and much higtyer sa

at the downstream limitsAlthough Cain did not give precise figures for the rise or fall
magnitudenecessarye.g. 10 pptand over what time framée did find that a rise or fall to an
endpoint of 5 ppappearedi o p e r aOthershavéinterpgt e d Ca i resdlts anfl dtele7 5 )
that the upstream clams required an increase of about 5ppt while clams in the downstream
portions of the habitat needed a decrease of 10 to 15 ppt to spawn (e.g. LaSalle and de la Cruz,
1985). Based on interpretation of the original figures presented in Cain (1975) it would appear
thatsalinity changes on the order of 50 ppt over a approximate one tiwwvo week period was
effectivefor inducing spawning in the James River estudilye interpetation by the GSMA

BBEST (2011) was an approximate 5 ppt chabgé over what time frame was not specified.

These fairly detailed environmental requiremdatgeproduction and recruitment Bangia
cuneatahave been distilled to a fairly generalééin theprevioususe @ the species as an

estuarine indicatan Texas. The recent efforts of the SH&asin and Bay Expert Scienteams

and contributors, took as a given th&@ppt requirements for early larvae and then determined
the inflows necessgto support such a zone within the estuary for a duration on the order of one
to two months (e.g. NWF, 2009; SBBEST, 2009; TRSBBEST, 2009; GSMABBEST,

2011). Consideration of thearuponyearfrequency that such a favorable salinity zone must
re-occur in order to support tHieangia cuneat@opulation was not addressed in any detail,
although the longerm historical occurrence level of the supporting inflow was considered.
Other potential reproductive requirements such as the need for a rapge @naalinity to

8
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induce spawning, as described by Cain (1975Rfmgia cuneata Virginia werenot taken into
accounttomputationally although the GSMBBEST (2011) did note these

Clearly, forRangia cuneat#here is anultifacetedarray ofspawninducingand larval survival
traitsthat aresalinity-controlled While these salinity controls and duratioase derived from
studies in other geographic locations, the basic physioiofliences that salinity exerten
Rangia cuneatare quite probablgpplicable in Texas as wgthough the specifics may vary.

3.1.1 Primary Biologic-BasedPattern Searches

Theprimary approach to salinifyattern identificationn this study utilizes an integratséarch

for a fixed favorablesdinity range, such as-20 ppt that occurs continuously for some number

of consecutive daysuch as 15 daysr'he motivation for this pattern search is based on the
biologic underpinnings dRangia cuneataThe methodnapsfavorable salinity areas that persist
for a long enoulg duration to assure larval survival and recruitment into the adult population.
Additionally, the issue athefrequencythatthese favorable patternsustre-occur is pivotal in

this study. Therefore, the study will also rigorously examine the chasgictenf reoccurrence

of what appear, from other studies, to be the favorable salinity conditions for reproduction and
recruitment.

3.1.2 SecondTier Biologic Conditions/ Limitations

Given the influence that sharp changes in salinity appear to have on spavwRangia cuneata

in other locationsa second tieof effort in this study was to examine the potential role that this

trait may also exert on the geographic rangRanfigia cueatain the Guadalupe and Mission

Aransas EstuariedAfter the initial spawrnducing event, the subsequent period must also

present the early and late larvae with the apparent conditions that support their survival and
recruitment into the adult populatn as descri bed abhssgearchdass Apr i mar
essentially a Al ook backo approach in which s
a specified number of dags a precondition to the favorable salinity conditiofts larvae

Muchmore specific information on how these two salinity patterns are examined is presented

below.

3.1.3 Seasonal Limits

Previous research dRangia cuneatan Florida, Virginia, and Mexico (as summarized in

LaSalle and de la Cruz, 1985) found that most spawning occurred in two periods corresponding
more or less to spring and late summikadl. However, these may be more of a reflection of the
necessary sality change conditions, and LaSalle and de la Cruz (1985) pditihauspawning
potential may be continuous. C4ik975)found thathe production of reproductive cells began
when water temperatures rose tx@5

For the purposes of this study thex@3hreshold was usdd indicate the portion of the year in
which reproduction might take plac&Vater temperature data for the Guadalupe Estuary from
the TPWDCoastal Fishees Resource Monitoring PrograshtheTexas Parks and Wildlife
Department (TPWD2012 was analyzed. Figuekpresents the analysis results showing that the
period fromFebruarythrough November generally hasediantemperatures to suppdRangia
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cuneatareproduction.However,special consideration of the month of February is iosthce
it is so close to the threshold. First, since these are median values, half of the samples for
February for both the Upper and Lemportions ofSan Antonio Bayvould not be at or above
15xC. Furthermoret, h e A Wh ddtaappdarto/be highlinfluenced by the Espiritu Santu
Bay results, while much of San Antonio Bay itself is just exactly a€1%hus in this study the
period used to indicate temperatures suitédnieeproduction and recruitment was from March
through November.

35 mWhole Bay
OUpper San Antonio Bay
Lower San Antonio Bay
30 CiEspiritu Santu Bay
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Figure 4. Summary of monthly medianwater temperature values for the Guadalupe Estuary based on

the data from Texas Par kCoastal Rishei®iRésdutcé f e Depar t me
Monitoring Program (TPWD, 2012).

3.2 Salinity in the Guadalupeand Mission-Aransas Estuary System

Clearly from the above discussion, salinity data are fundamental to this study. Broadly speaking,
there are alinity dataavailable falling intowo categoriesa) field-measured values ani) those
predicted salinities from a hydrodynammeodel or from statistical (regressipnapproaches.
While actual field data would be the first choice for pursuing the andgses) there arenly a

few sites in the Guadalupe and Missidransas Estuaries with permanent salinity monitoring
(see GSMABBEST, 2011) Additionally, the period of record for some of these sites is very
shortand thus posgreat limitations.
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Fortunately, there are means of predicting salinities, either at times or locations where field data
are not available. The Texas Wt Development Board (TWDB) maintains a mathematical
model, known agxBLEND, which simulates the hydrodynamics and salinity transpdahtin

the Guadalupe and Missigkransas Estuaries (and Matagorda Bay at the northern end) based on
inflows and other vaables (e.g. tides and windsThe period of record covered BYBLEND is

January 1987- October 2009 TxBLEND subdivides the égary into a fine mesh of nodesd
simulates the salinity at each with a time sté8 minuteswith output generated at oreur
intervals. More important for this study is thdixBLEND provides a finespatial scalevhich
facilitates the search for spatialbyased reoccurring salinity patternsThis model was recently
calibrated andipdated to include revised inflow esttss (Guthrie and other22010a an@010Db;

Guthrie and Lu,2010. The GSMABBEST (2011) , based on exam
calibration and verification efforts, found ththe TXxBLEND model performs with aeasonable

level of accuracy with some noted concersgortions of the Missio#ransas Estuary

This studyrelies fundamentallyon output of the TXBLEND model coveringthe two estuaries
and using a timescale resolution otlaily average values.While the TXxBLEND model has
several thousand nodegr fthis work a subset of P6well-dispersednodes were selecteas
shown in Figure 5. This level of resolution was found to be adequete¢o the entirety of the
interlinked Guadalupe and Missidransas Estuary systeand yet provide good coverage for
the contouring and mapping exercise©f thoseselected nodesfifteen were reserved for
validation purposes in the contouring of salinity pattern data (described befppendix A
documentghe nodes utilizeth greater detail.

Figure6 illustrates an @ampleof the TXBLEND mo d etimé&sgries prediction afaily salinity
for the 20042005 periodat twohighlightedpoints within the Guadalupe Estudtgcations
shown on the previous figureAt both locations there is a clear respoas®wered salinig
duringthe periods of high to very high inflowthat occurred itMay - June 208 and again in
late Nov-through December 2004. However, the lowermost point,dBBsistently maintains a
higherlevel of salinity due to its locatiofiartherdown the estuary.

While the salinity predictions afxBLEND are of fundamental value to this study, the search for
explanatory salinity patterns relies on sevéargher computationadteps to deriveertain
specializedrariablesbased on the underhyg salinity itself. The derivation of these variables

and the extensive use of these for Feaped pattern recognition and comparison to the
geographic extent of tHRangia cuneatgopulation are the topics of the next section.
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Figure 5. The points utilized for salinity pattern examination within the Guadalupe and Mission

Aransas Estuary system Each point(dot or cross)correspondsto a computational node of
t he T WDH.BMND hydrodynamic and salinity transport model. Labeled points (e.g.
i AAO) euefelrdd totvithin the report and in other figures. (see Appendix A for more
details on node3.
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Figure 6. lllustration of the TXBLEND modelé prediction of salinity at pointsAA and BB (locations

shownin previous figure) for the period of 20042005. The period illustratedcontainsa high
degree of variability of salinity within the Guadalupe Estuarydue to highly ranging inflow
conditions.

3.3 Specific Salinity Searches Computational Pathway

Because of the apparent large role that salinity plays in controllimgpheduction and
recruitment oRangia cuneataseverakpecialized variablesere developeah this study to
describe salinity patterns of potential significance.

3.3.1 Primary Pattern Searches

Because survival dRangia cuneatéarval stages depend on salinity being maintained within a
certain range for a minimum duration, the first new variatilsgrateshis combination of

salinity magnitude and duratio.he variableCSD (consecutive salinity daysy introduced to
denote consecutive days in which salinity is withcegainfixed range. Thughe variable
CSDy.10 denotesa countof consecutive days whichsalinity is within the range of 0 to 10 ppt at
a fixed point inthe estuary systenfigure 7illustrates this variablas derived from the salinity
data at point BB as shown on previous figures aliovpist the years 2002005 For these

initial explanatory purposes, at this point no seasonal limitations on theemmoe of CSD are
consideredxcept that a string of consecutive days may not continue past the end of a year
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Figure 7. lllustration of the variable consecutive salinity days (CSD) for salinity in the range of-010

ppt for the 2004-2005 periodat the point BB (previously located).

Because of the focus on comparRgngia cuneatand salinity patterns in a spatial contdat,
this studyit is useful to recast theoint-by-point CSD variable as derived abaméo a form that
can be portrayedn a map.For the purposes of finding CSD values that are of adequate length
to support reproduction and recruitmeht maximum annual CSD valaeeach pointor each
year isutilized (e.g. 150taysfor 2004 and 124laysfor 2005 at point BB).Again, for

illustrative purposes at this point, the whole Yeaalinity is consideredFor a given year, the
suite of such valuesne foreach node depicted kigure 5 can be used as the basis for a
contour map of CSD More details on the method of contouring tbenpCSD data into a map
view is given in AppendiB. As shown irFigure 8this map of CSRis just for the year 2005
which hada moreor-less average ydsrtotal of inflow (2.36 million acrefeet, 12" rank)in the
TXBLENDmodel 6 s 23 griagal®872009.d-gured9 anddOyrespectively, show
the same depictioof CSDy.10 for both the wet year 2004 (5.50 million adeet, 3¢ rank) and
dry year of 2008 (0.84 million actieet, 23" rank)to contrast to the average year 2005.
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Figure 8. A map view of the maximum annual value ofCSD, ;o throughout the Guadalupeand
Mission-AransasEstuary systemsfor the year 2005,a year of nearlyaverage inflowwithin
the rangefor the 19872009 period
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