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1 Executive Summary 

The brackish water clam Atlantic Rangia cuneata (Rangia cuneata), is an important native 

species in the upper portion of most Texas estuaries.  Rangia cuneata clams are of ecological 

significance because of their role as a filter feeder, converting detritus and phytoplankton into 

biomass and serving as an important food source for fish, crustaceans, and water fowl (LaSalle 

and de la Cruz, 1985).  Previous research, executed in other states, indicates that Rangia cuneata 

has strict short-term salinity requirements for reproduction (Cain, 1973).  These needs, as 

opposed to aspects of adult physiology, are thought to be the primary control on the habitable 

range for the species (Hopkins and others, 1973; Cain, 1975).  Because of the importance of the 

species and the ability to relate salinity needs to the flux of freshwater reaching an estuary, 

Rangia cuneata has recently become one of the primary indicator species for establishing 

freshwater inflow regimes for Texas estuaries (e.g. GSMA-BBEST, 2011).  However, despite 

this new-found focus on Rangia cuneata in Texas, there has been little specific study of this 

species and the factors which appear to limit its occurrence and distribution in the stateôs 

estuaries.   

This study utilizes a novel approach to characterize salinity patterns, focusing on those which 

may limit Rangia cuneata distribution in Texas estuaries.  This new approach to describe salinity 

patterns integrates salinity magnitude (e.g. 2-10 parts per thousand), duration of occurrence (e.g. 

30 days or longer), and periodicity of re-occurrence (e.g. re-occurring at least once per five 

years).  Specific magnitude, duration, and re-occurrence values are examined that would appear 

to be explanatory for the geographic distribution of Rangia cuneata based on scientific literature 

relating studies of the speciesô reproduction and life history information in other locales.   

The study uses the interlinked Guadalupe Estuary (also generally known as San Antonio Bay) 

and Mission-Aransas Estuary (also known as the Mission-Aransas Copano Bay system) as the 

focal area.  The new integrative salinity variable is developed at selected points in these estuaries 

using the salinity predictions of the Texas Water Development Boardôs TxBLEND model for the 

1987-2009 period.  The point data are then mapped and contoured to develop spatial pattern data 

which can be examined for their correspondence to the apparent area of Rangia cuneata 

population.  The goal is to achieve a better understanding of long-term re-occurring patterns of 

salinity that may exhibit a controlling influence on Rangia cuneata in Texas estuaries.   

 

Several re-occurring salinity patterns that would appear to be necessary to support Rangia 

cuneata reproduction and recruitment were examined.  The primary salinity examined was the 

widely-cited range of 2-10 parts per thousand needed for larvae of Rangia cuneata to survive 

immediately after spawning (e.g. Hopkins and others, 1973).  Also of prime importance were 

periods of 15 or 30 days in which salinity was continuously in that range, with these periods 

chosen based in inferences from other studies of Rangia cuneata indicating the duration of the 

salinity-sensitive larval stage (Cain, 1973).  Although these were the key salinity range and 

durations, others were tested for completeness. 

   

The study found that when 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 cuneata as one moves from the upstream portions of the examined estuaries towards 

the higher-salinity points of tidal exchange with the Gulf of Mexico.  However, seemingly 
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favorable salinity conditions of sufficient duration are so widespread and of such frequent re-

occurrence that they alone do not appear highly explanatory in describing the limit to the 

population distribution of Rangia cuneata in the examined estuaries.  In other words, Rangia 

cuneata appear to inhabit a much more restricted portion of the estuaries than the salinity 

patterns that would initially appear limiting can explain.  These findings are, of course, given 

with the caveat that the data available for the spatial distribution of Rangia cuneata may be 

somewhat inadequate. 

 

In addition to these primary searches for explanatory salinity patterns, the study also examined 

the possible role that another salinity-based reproductive requirement may play: the need for an 

abrupt salinity change to initiate spawning as was found in a single study in Virginia (Cain, 

1975).  While the early larvae of Rangia cuneata would still require the supportive salinity 

conditions described above (salinity and duration), such a spawn-initiating episode would 

essentially constitutes a ñpre-condition.ò  For this study, the ñpre-conditionò was based on 

salinity change rates (rise / fall magnitude over certain number of days) that may initiate 

spawning based on the Virginia study.  Comparisons of the frequency of re-occurring favorable 

salinity patterns of appropriate salinity and duration were made, with and without the pre-

condition.  The results show that this additional ñpre-condition,ò as tested in the Guadalupe and 

Mission-Aransas Estuaries, appears to be very restrictive and may have additional explanatory 

power regarding the limits on Rangia cuneata population distribution.  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 opposed to stable inflows that 

hold salinities in a specific range. 

 

Additional factors that may play a role in the long-term limit  on the population distribution of 

Rangia cuneata in areas further removed from freshwater sources could include predator-prey 

relations, competition, disease and parasites, or simply lack of a favorable substrate for 

burrowing. 

 

Even areas typically having a high abundance of Rangia cuneata may experience occasional 

population setbacks.  As observed during first-hand field observations following the record-

setting drought of 2011, there was widespread mortality of Rangia cuneata in the upper portion 

of the Guadalupe Estuary in areas that are typically heavily populated with rangia.  This may or 

may not have been caused by the probable extended period of drought-induced high salinities in 

this area.  Although Rangia cuneata adults have been observed to withstand up to 30 ppt in 

laboratory settings (Pattillo and others 1995), they are seldom found in areas with salinity above 

15 ppt very often (Hopkins and others, 1973; LaSalle and de la Cruz, 1985).  However, there do 

not appear to have been explicit long-term field studies of the effects of high salinity exposure.  

Any potential role of high salinity in limiting the population distribution of Rangia cuneata, is 

likely expressed in an interacting fashion with effects from other variables such as temperature 

and duration of exposure (Pattillo and others, 1995). 

 

If there does exist an upper limit of salinity tolerance by Rangia cuneata adults, even if it must 

co-occur with other environmental stressors, this may limit the habitable area on the seaward 

side.  This would be in opposition to long-standing opinions (Hopkins and others, 1973; Cain, 

1975) that salinity-based limits on reproduction and recruitment are the main or only control on 
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the population distribution of Rangia cuneata.  Obviously, there is ample need for additional 

Texas-specific studies of Rangia cuneata to investigate the specifics of their apparent salinity-

modulated reproduction and recruitment at early life stages and the controls that salinity and 

other environmental parameters may exert on the adult population. 

2 Introduction  

The brackish water clam Atlantic Rangia cuneata (Rangia cuneata), is an important native 

species in the upper portion of most Texas estuaries.  Rangia cuneata is generally found in the 

portion of an estuary where salinity typically is less than 15 part per thousand (ppt) (Hopkins and 

others, 1973).  The ecological significance of Rangia cuneata lies in its role as a filter feeder, 

converting detritus and phytoplankton from the water column into biomass and serving as an 

important food source for fish, crustaceans, and water fowl (LaSalle and de la Cruz, 1985).   

 

Previous research, executed primarily in Atlantic seaboard and other Gulf states, indicates that 

Rangia cuneata has strict salinity requirements for reproduction and recruitment of larval stages 

into the adult population.  These needs, as opposed to aspects of adult physiology, are thought to 

be the primary control on the habitable range for the species (Hopkins and others, 1973; Cain, 

1975).  Because salinity can be related to the flux of freshwater reaching the estuary, Rangia 

cuneata has recently become one of the primary indicator species for establishing estuarine 

inflow regimes for Texas estuaries.  For example Rangia cuneata was used by four of the Senate 

Bill 3 (SB3) Basin and Bay Expert Science Teams in their work to develop a schedule of inflow 

quantities to maintain a sound ecological environment for their respective estuaries (SN-BBEST, 

2009; TRSJ-BBEST, 2009; CL-BBEST, 2011; GSMA-BBEST, 2011). 

 

Despite this new-found focus on Rangia cuneata, there has been little Texas-specific study of 

this species.  The factors which limit Rangia cuneata distribution in Texas estuaries are 

unknown, though generally, their abundance tends to decrease as distance from the source of 

freshwater inflow (i.e., the river mouth) increases (TPWD, no date).  Therefore, it is probable 

that Rangia cuneata populations are limited by the lack of favorable salinity conditions as 

distance increases from the mouth of rivers although other factors such as predator-prey 

relations, competition, disease, or lack of a favorable substrate may also play a role.  

 

This study rigorously examines the frequency and duration of reoccurring spatial salinity patterns 

which may limit Rangia cuneata distributions in Texas estuaries.  The study relies on the 

interlinked Guadalupe Estuary (also generally known as San Antonio Bay) and Mission-Aransas 

Estuary (also known as the Mission-Aransas Copano Bay system) as the focal area (Figure 1).  

To examine salinity patterns on a spatial basis, this study developed a novel map-based method 

of characterizing key re-occurring salinity patterns utilizing a frequency of re-occurrence 

approach.  This new approach to describing salinity patterning develops a salinity variable at 

many specific points in the estuary system.  The new variable integrates salinity magnitude (e.g. 

2-10 parts per thousand), duration of occurrence (e.g. 30 days or longer), and periodicity of re-

occurrence (e.g. re-occurring at least once per five years).  These point data are then mapped and 

contoured to examine the correspondence between this new salinity pattern variable and the 

known area of Rangia cuneata population in an example Texas estuary.  This new technique for 
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portraying salinity may also prove of general utility and a suite of maps are provided in an 

appendix. 

 

Figure 1.  The Guadalupe and Mission-Aransas Estuary system located along the central Texas coast.   

The longevity and strict salinity-controlled reproductive requirements of Rangia cuneata 

combine to make an ideal 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 organisms.  Furthermore, by determining the salinity magnitude, duration, and re-

occurrence factors that appear to limit the extent and persistence of Rangia cuneata, this study 

will provide a better understanding of one of the mechanisms by which altered freshwater 

inflows may impact an estuary.   
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3 Uncovering Key Salinity Patterns in the Guadalupe and Mission-

Aransas Estuary System 

The objective of this study is to examine if key re-occurring salinity patterns, which would 

appear necessary for reproduction and recruitment of Rangia cuneata, can explain the population 

distribution of the species in the interlinked Guadalupe and Mission-Aransas Estuaries.    These 

interlinked estuaries were selected as the focus of this effort because of the presence of Rangia 

cuneata (GSMA-BBEST, 2011).  The inter-linkage between these estuaries refers to the fact that 

the salinity behavior in much of the Mission-Aransas Estuary is closely tied to the freshwater 

inflows occurring into the adjacent Guadalupe Estuary as found by the GSMA-BBEST (2011).  

These estuaries are also more-or-less in the middle of the Texas coast and exhibit pronounced 

variability in salinity which is an ideal setting to examine the role that salinity may exhibit on 

controlling the population distribution of Rangia cuneata.  Also contributing to this choice of 

focal area is that the Texas Water Development Boardôs (TWDB) TxBLEND salinity transport 

and circulation model, the primary source of salinity data for the study, was recently recalibrated 

(Guthrie and others, 2010a and 2010b) and inflow estimates refined for this estuary system 

(Guthrie and Lu, 2010).   

 

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 (GSMA-BBEST, 

2011), analyzing TPWD data (TPWD, no date) clearly showed that Rangia cuneata and a similar 

species Rangia flexuosa  (Brown rangia) have been found in a large portion of these estuaries 

(see Figures 2 and 3).  There is very limited literature available on R. flexuosa.  However, the 

fact that the two species commonly co-occur geographically suggests that they have similar 

ecological requirements and the GSMA-BBEST ended up lumping the two species together as 

will be done in this study.  For the remainder of this discussion specific environmental 

requirements for Rangia cuneata are utilized with an assumption that they may also apply to the 

apparently intermingled population of Rangia flexuosa .  

 

There are some significant features of this TPWD rangia data that are important to highlight.  

One is a caveat that the GSMA-BBEST (2011) discussed: the abundance and extent of habitable 

area for both Rangia species in these estuaries, and the others in Texas, are not directly known.  

The characteristics of the Rangia population can only be inferred from ñaccidental catchò in the 

sampling data of the Coastal Fisheries Resource Monitoring Program of the Texas Parks and 

Wildlife Department (TPWD).  The Rangia information in the TPWD database (TPWD, no date) 

is from trawl equipment that is dragged along the bottom and occasionally digs into the sediment 

layer and gathers specimens of this burrowing species. While 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 the two Rangia species 

(GSMA-BBEST, 2011). 

 

Also important to consider is the time scale of the field sampling data that are available.  Since 

these figures are the composite of all samples taken over the entire 28 years of sampling, it is 

quite possible, given the biology of Rangia cuneata reproduction and recruitment (discussed 

briefly above and more below) that not all of the rangia found through time would be found 

continuously.  The abundance, especially for Rangia cuneata, in the upper portion of the 
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Guadalupe Estuary may indicate that it is a permanently occupied area, but some other samples 

in what are typically more saline, may be outliers 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. 

 

Figure 2. Atlantic Rangia cuneata (Rangia cuneata) in the Guadalupe Estuary and Mission-Aransas 

Estuary based on the data from Texas Parks and Wildlife Departmentôs Coastal Fisheries 

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

Understanding the relationship between salinity patterns and Rangia cuneata population 

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 cuneata itself.  Salinity variability, and indeed the frequent occurrence of unfavorable 

reproductive conditions, may still allow for a viable Rangia cuneata population as pointed out by 

previous researchers (e.g. Hopkins and the others, 1973; Cain, 1975).  This is possible due to 

several factors, the first being that the clamsô average life span appears to be four to five years 

(Fairbanks, 1963), with a maximum of perhaps ten to fifteen years, (La Salle and de la Cruz, 

1985; Hopkins and others, 1973).  Second, only the early larval stages appear to exhibit the 

rigorous low-salinity 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 population. 
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Figure 3. Brown Rangia cuneata (Rangia flexuosa ) in the Guadalupe Estuary and Mission-Aransas 

Estuary based on the data from Texas Parks and Wildlife Departmentôs Coastal Fisheries 

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

An added complexity in relating salinity patterns and Rangia cuneata distribution is due to the 

potential spatial variability of salinity through multiple spawning seasons; the area of larval 

survival could shift spatially among years leading to confusion about the ñcoreò area of 

permanent habitation versus those in an area with suitable reproduction and recruitment 

conditions met only very infrequently. 

3.1 Biologic Underpinnings 

Establishing an explicit spatial linkage between reoccurring salinity patterns and Rangia cuneata 

distribution requires not only the analyses of a robust set of salinity data of broad areal coverage 

(described below) but also a 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 cuneata for reproduction and recruitment were executed outside of Texas.  These 

apparent salinity-modulated reproductive needs will serve as the default values for this study, 

although some attention will be given to their suitability for Texas.   
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The basic requirement of salinity in the range of 2-10 parts per thousand (ppt) for early larval 

survival is a frequently-cited reproductive characteristic of the species (e.g. LaSalle and de la 

Cruz, 1985; Harrel, 1993).  This is a highly simplified finding of the rigorous work of Cain 

(1973) who tested embryonic (a.k.a. ñearly larvaeò) and ñlate larvaeò survival or Rangia cuneata 

over a broad range of temperature and salinity conditions.  Cain tested temperatures from 8 to 32 

хC, in equal increments [8, 16, 24, 32 хC], and salinity conditions ranging from 2 to 20 ppt in 

equal 6 ppt increments [2, 8, 14, and 20 ppt].  Additional test were performed with 0 ppt salinity.  

Cain found that the embryonic stage, up to just 48 hours after spawning, was far the most 

sensitive to salinity conditions.  Survival rates for this stage were 0% for salinities below 2 ppt or 

above 14 ppt regardless of temperature.  The optimum conditions for embryos was concluded to 

be 6 - 10 ppt in combination with temperatures between 18 and 29 хC.  Both the stated salinity 

and temperature limits were apparently developed by interpolation using a bi-variate ñresponse 

surfaceò equation relating survival to the various combinations of temperature and salinity.  The 

experiments with late larvae, from 2 - 7 days of age, found a broader optimum conditions range 

covering from 2 - 20 ppt over the entire tested temperatures range of 8 and 32 хC.   

 

In later field-based research, Cain (1975) examined the apparent environmental controls on 

Rangia cuneata spawning.  His research in the estuarine portion of Virginiaôs James River, found 

that spawning was triggered by a rapid increase or decrease in salinity.  Cain found that Rangia 

cuneata in lower salinity portions of their habitat (nearer the freshwater source) spawned after a 

rapid rise in salinity while those at the other habitat extreme behaved in the opposite fashion.  

Cain postulated that these responses appear to be a mechanism for accomplishing synchronous 

release of eggs and sperm.  This spawning under abrupt changes in salinity would also appear to 

maximize the potential for the larvae 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 higher salinity 

at the downstream limits.  Although Cain did not give precise figures for the rise or fall 

magnitude necessary (e.g. 10 ppt) and over what time frame, he did find that a rise or fall to an 

endpoint of 5 ppt appeared ñoperativeò.  Others have interpreted Cainôs (1975) results and state 

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 

that salinity changes on the order of 5 - 10 ppt over an approximate one to two week period was 

effective for inducing spawning in the James River estuary.  The interpretation by the GSMA-

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

 

These fairly detailed environmental requirements for reproduction and recruitment of Rangia 

cuneata have been distilled to a fairly general level in the previous use of the species as an 

estuarine indicator in Texas.  The recent efforts of the SB3 Basin and Bay Expert Science Teams 

and contributors, took as a given the 2-10 ppt requirements for early larvae and then determined 

the inflows necessary to support such a zone within the estuary for a duration on the order of one 

to two months (e.g. NWF, 2009; SN-BBEST, 2009; TRSJ-BBEST, 2009; GSMA-BBEST, 

2011).  Consideration of the year-upon-year frequency that such a favorable salinity zone must 

re-occur in order to support the Rangia cuneata population was not addressed in any detail, 

although the long-term historical occurrence level of the supporting inflow was considered.  

Other potential reproductive requirements such as the need for a rapid change in salinity to 
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induce spawning, as described by Cain (1975) for Rangia cuneata in Virginia were not taken into 

account computationally although the GSMA-BBEST (2011) did note these. 

 

Clearly, for Rangia cuneata there is a multifaceted array of spawn-inducing and larval survival 

traits that are salinity-controlled.  While these salinity controls and durations are derived from 

studies in other geographic locations, the basic physiologic influences that salinity exerts on 

Rangia cuneata are quite probably applicable in Texas as well, though the specifics may vary.  

 

3.1.1 Primary Biologic-Based Pattern Searches 

The primary approach to salinity pattern identification in this study utilizes an integrated search 

for a fixed favorable salinity range, such as 2-10 ppt, that occurs continuously for some number 

of consecutive days, such as 15 days.  The motivation for this pattern search is based on the 

biologic underpinnings of Rangia cuneata.  The method maps favorable salinity areas that persist 

for a long enough duration to assure larval survival and recruitment into the adult population.  

Additionally, the issue of the frequency that these favorable patterns must re-occur is pivotal in 

this study.  Therefore, the study will also rigorously examine the characteristics of re-occurrence 

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

recruitment.  

3.1.2 Second Tier Biologic Conditions / Limitations 

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

in other locations, a second tier of effort in this study was to examine the potential role that this 

trait may also exert on the geographic range of Rangia cuneata in the Guadalupe and Mission-

Aransas Estuaries.  After the initial spawn-inducing 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 population as described above as ñprimary.ò  Thus this search is 

essentially a ñlook backò approach in which salinity must rise or fall by a specified amount over 

a specified number of days as a pre-condition to the favorable salinity conditions for larvae.  

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

below. 

3.1.3 Seasonal Limits 

Previous research on Rangia cuneata in 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 summer - fall.  However, these may be more of a reflection of the 

necessary salinity change conditions, and LaSalle and de la Cruz (1985) point out that spawning 

potential may be continuous.  Cain (1975) found that the production of reproductive cells began 

when water temperatures rose to 15хC. 

 

For the purposes of this study the 15хC threshold was used to indicate the portion of the year in 

which reproduction might take place.  Water temperature data for the Guadalupe Estuary from 

the TPWD Coastal Fisheries Resource Monitoring Program of the Texas Parks and Wildlife 

Department (TPWD, 2012) was analyzed.  Figure 4 presents the analysis results showing that the 

period from February through November generally has median temperatures to support Rangia 



Texas Water Development Board Contract Report Number 1148311236 

10 

 

cuneata reproduction.  However, special consideration of the month of February is in order since 

it is so close to the threshold.  First, since these are median values, half of the samples for 

February for both the Upper and Lower portions of San Antonio Bay would not be at or above 

15хC.  Furthermore, the ñWhole Bayò data appear to be highly influenced by the Espiritu Santu 

Bay results, while much of San Antonio Bay itself is just exactly at 15хC. Thus, in this study the 

period used to indicate temperatures suitable for reproduction and recruitment was from March 

through November.  

 

 

Figure 4. Summary of monthly median water temperature values for the Guadalupe Estuary based on 

the data from Texas Parks and Wildlife Departmentôs Coastal Fisheries Resource 

Monitoring Program (TPWD, 2012).  

 

3.2 Salinity in the Guadalupe and Mission-Aransas Estuary System 

Clearly from the above discussion, salinity data are fundamental to this study.  Broadly speaking, 

there are salinity data available falling into two categories: a) field-measured values and, b) those 

predicted salinities from a hydrodynamic model or from statistical (regression) approaches.  

While actual field data would be the first choice for pursuing the analyses herein, there are only a 

few sites in the Guadalupe and Mission-Aransas Estuaries with permanent salinity monitoring 

(see GSMA-BBEST, 2011).  Additionally, the period of record for some of these sites is very 

short and thus pose great 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 Water Development Board (TWDB) maintains a mathematical 

model, known as TxBLEND, which simulates the hydrodynamics and salinity transport within 

the Guadalupe and Mission-Aransas Estuaries (and Matagorda Bay at the northern end) based on 

inflows and other variables (e.g. tides and winds).  The period of record covered by TxBLEND is 

January 1987 - October 2009.  TxBLEND subdivides the estuary into a fine mesh of nodes and 

simulates the salinity at each with a time step of 3 minutes with output generated at one hour 

intervals.  More important for this study is that TxBLEND provides a fine spatial scale which 

facilitates the search for spatially-based re-occurring salinity patterns.  This model was recently 

calibrated and updated to include revised inflow estimates (Guthrie and others, 2010a and 2010b; 

Guthrie and Lu, 2010).  The GSMA-BBEST (2011), based on examination of TWDBôs 

calibration and verification efforts, found that the TxBLEND model performs with a reasonable 

level of accuracy with some noted concerns for portions of the Mission-Aransas Estuary.   

 

This study relies fundamentally on output of the TxBLEND model covering the two estuaries 

and using a time-scale resolution of daily average values.  While the TxBLEND model has 

several thousand nodes, for this work a subset of 162 well-dispersed nodes were selected as 

shown in Figure 5.  This level of resolution was found to be adequate to cover the entirety of the 

interlinked Guadalupe and Mission-Aransas Estuary system and yet provide good coverage for 

the contouring and mapping exercises.  Of those selected nodes, fifteen were reserved for 

validation purposes in the contouring of salinity pattern data (described below).  Appendix A 

documents the nodes utilized in greater detail. 

 

Figure 6 illustrates an example of the TxBLEND modelôs time-series prediction of daily salinity 

for the 2004-2005 period at two highlighted points within the Guadalupe Estuary (locations 

shown on the previous figure).  At both locations there is a clear response of lowered salinity 

during the periods of high to very high inflows that occurred in May - June 2004 and again in 

late Nov.-through December 2004.  However, the lowermost point, BB, consistently maintains a 

higher level of salinity due to its location farther down the estuary.   

 

While the salinity predictions of TxBLEND are of fundamental value to this study, the search for 

explanatory salinity patterns relies on several further computational steps to derive certain 

specialized variables based on the underlying salinity itself.  The derivation of these variables 

and the extensive use of these for map-based pattern recognition and comparison to the 

geographic extent of the Rangia cuneata population are the topics of the next section. 
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Figure 5. The points util ized for salinity pattern examination within the Guadalupe and Mission-

Aransas Estuary system.  Each point (dot or cross) corresponds to a computational node of 

the TWDBôs TxBLEND  hydrodynamic and salinity transport model. Labeled points (e.g. 

ñAAò) will be referred to within  the report and in other figures. (see Appendix A for more 

details on nodes). 
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Figure 6. Illustration of the TxBLEND  modelôs prediction of salinity at points AA and BB (locations 

shown in previous figure) for the period of 2004-2005.  The period illustrated contains a high 

degree of variability of salinity within the Guadalupe Estuary due to highly ranging inflow 

conditions. 

3.3 Specific Salinity Searches - Computational Pathway 

Because of the apparent large role that salinity plays in controlling the reproduction and 

recruitment of Rangia cuneata, several specialized variables were developed in this study to 

describe salinity patterns of potential significance.   

3.3.1 Primary Pattern Searches 

Because survival of Rangia cuneata larval stages depend on salinity being maintained within a 

certain range for a minimum duration, the first new variable integrates this combination of 

salinity magnitude and duration.  The variable CSD (consecutive salinity days) is introduced to 

denote consecutive days in which salinity is within a certain fixed range. Thus, the variable 

CSD0-10 denotes a count of consecutive days in which salinity is within the range of 0 to 10 ppt at 

a fixed point in the estuary system.  Figure 7 illustrates this variable as derived from the salinity 

data at point BB as shown on previous figures above for just the years 2004-2005.  For these 

initial explanatory purposes, at this point no seasonal limitations on the occurrence of CSD are 

considered except that a string of consecutive days may not continue past the end of a year.  

 



Texas Water Development Board Contract Report Number 1148311236 

14 

 

 

Figure 7. Illustration of the variable consecutive salinity days (CSD) for salinity in the range of 0- 10 

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

Because of the focus on comparing Rangia cuneata and salinity patterns in a spatial context, for 

this study it is useful to recast the point-by-point CSD variable as derived above into a form that 

can be portrayed on a map.  For the purposes of finding CSD values that are of adequate length 

to support reproduction and recruitment, the maximum annual CSD value at each point for each 

year is utilized (e.g. 157 days for 2004 and 124 days for 2005 at point BB).  Again, for 

illustrative purposes at this point, the whole yearôs salinity is considered.  For a given year, the 

suite of such values, one for each node depicted in Figure 5, can be used as the basis for a 

contour map of CSD.  More details on the method of contouring the point CSD data into a map 

view is given in Appendix B.  As shown in Figure 8 this map of CSD0-10 is just for the year 2005, 

which had a more-or-less average yearly total of inflow (2.36 million acre-feet, 12
th
 rank) in the 

TxBLEND modelôs 23 year record covering 1987-2009.  Figures 9 and 10, respectively, show 

the same depiction of CSD0-10 for both the wet year 2004 (5.50 million acre-feet, 3
rd

 rank) and 

dry year of 2008 (0.84 million acre-feet, 20
th
 rank) to contrast to the average year 2005. 
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Figure 8. A map view of the maximum annual value of CSD0-10 throughout the Guadalupe and 

Mission-Aransas Estuary systems for the year 2005, a year of nearly average inflow within 

the range for the 1987-2009 period.   






















































































































