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ABSTRACT 

North American freshwater species are facing an extraordinarily high rate of 

extinction due to numerous anthropogenic influences. Pecos assiminea (Assiminea pecos) 

is an endangered, semi-aquatic snail endemic to two spring systems located in eastern 

New Mexico and west Texas. Basic biological information needed for effective 

monitoring and conservation is currently lacking for this species. My objectives were to 

determine the habitat use patterns, evaluate the effects of the removal of common reed 

(Phragmites australis) on habitat use, compare the relative effectiveness of two survey 

methodologies, and conduct an empirical study to assess the environmental and observer 

factors influencing the detection probability of Pecos assiminea, at Bitter Lake National 

Wildlife Refuge in New Mexico. Pecos assiminea sampling occurred during 2013-2015 

(nsurveys = 11). Surveys were conducted at two locations, Sinkhole 31 and Bitter Creek 

using two methods, standard quadrats (n = 528) and weathered wooden tiles left on the 

substrate (n = 671). Snails were identified and counted, and a suite of habitat variables 

were collected at each sampling point. In addition, empty phantom springsnail 

(Pyrgulopsis texana) shells were used as a surrogate for Pecos assiminea to empirically 

assess detection probability. A total of 0-9 shells were placed in each quadrat (n = 12). 

Shells were placed in microhabitats where Pecos assiminea is typically found, and 10 

observers with varying experience levels searched through the quadrats for 5 minutes 

each. The results from quadrat survey classification trees suggested that Pecos assiminea 

presence was associated with general features relating to moisture and temperature, 

however, the availability and quality of suitable Pecos assiminea habitat differed between 

Bitter Creek and Sinkhole 31. These differences seemed to be reflected by a larger 
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population of Pecos assiminea at Sinkhole 31. The removal of common reed was 

expected to allow native vegetation to re-establish itself along the creek, increasing the 

amount of available habitat. However, survey results from the restored sections did not 

suggest any effect on Pecos assiminea habitat use compared to that of pre-restoration. 

Furthermore, the choice of survey methodology did not seem to greatly influence 

detection, although neither method was sufficient alone for estimating abundance without 

incorporating detection, since quadrats yielded lower counts and tiles may alter snail 

behavior. The probability of detection for quadrats was estimated at 72%. The effects of 

habitat and observer variables on accuracy were the number of snail shells placed in the 

quadrat (F109,3 = 91.51, P < 0.01) and the order the quadrats were observed (F109,3 = 9.14, 

P < 0.01) via an ANCOVA. The mean (± SE) observer accuracy produced from the best 

model was 43.59% ± 17.09 (F109,10 = 60.65, P < 0.01). Improving detection probability 

and accuracy in Pecos assiminea estimates will aid in the development of survey 

protocols and thus better guide management decisions impacting conservation efforts. 

Bitter Creek is susceptible to threats such as aquifer withdrawals and agricultural 

diversions for irrigation. The increasing use of water withdrawals imperil rare North 

American spring habitats and the numerous endemic freshwater gastropods dependent 

upon them. More research is needed to understand the ecology of freshwater gastropods, 

especially in the face of threats. Incorporating my findings should improve monitoring 

efforts and aid in the development of restoration and conservation plans for Pecos 

assiminea.  
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CHAPTER 1: INTRODUCTION 
 

 As a group, freshwater gastropods in North America are extremely vulnerable to 

the numerous, acute threats to their persistence. Effective conservation of the taxa has 

been stymied by a lack of basic biological and ecological data (Lysne et al. 2008). Many 

prominent threats continue to alter freshwater gastropod populations, such as changes in 

water and land-use practices, alterations to the physiochemical environment, and 

introductions of competitors and predators. Particularly, the anthropogenic changes 

causing habitat alterations and losses, such as spring habitats declining due to aquifer 

withdrawal and agricultural diversions for irrigation, are strongly jeopardizing freshwater 

gastropods (Lynse et al. 2008). Lastly, the shortage of effective monitoring techniques to 

be able to assess the range and status of freshwater gastropods are inhibiting the 

conservation of this group. This deficiency in research on freshwater gastropods is 

partially due to the group’s characteristics. Correctly identifying species can be trying 

since many taxa are superficially similar in size and shape. In addition, their small size 

renders them difficult to detect and leaves uncertainty regarding the efficacy of both 

historical and contemporary surveys. Freshwater gastropods also have limited species 

ranges and high levels of endemism due to their constrained mobility and specialized 

habitat requirements. For example, when snails that are endemic to certain spring systems 

encounter a loss in connectivity, their range and population size are more likely to 

diminish. Such limitations are especially evident in comparison to the amount of studies 

conducted on more charismatic organisms since much less publicity and research effort 

goes into studying gastropod groups (Lydeard et al. 2004). Thus, their ecological 

importance not well understood. The traits that make studying freshwater gastropods 
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difficult and the need for basic knowledge of the ecology and biology of these taxa 

constitute an additional threat to their persistence, rendering them vulnerable to inaction 

or inappropriate action by natural resource agencies. More research is strongly needed to 

begin to address these issues influencing our ability to effectively conserve and promote 

recovery of these understudied freshwater gastropods. 

 Pecos assiminea (Assiminea pecos) is an imperiled snail species described by 

Taylor (1987). It was not until a government assessment in 2004 that the status of Pecos 

assiminea was determined and it was identified as a candidate to be listed as federally 

endangered in 2005 (USFWS 2004, USFWS 2005). It is a semi-aquatic species that 

inhabits structured litter or saturated soils along the banks of aquifer-fed spring systems 

and other groundwater-reliant habitats (NMDGF 2005, Hershler et al. 2007). Pecos 

assiminea exists in 5 sites in Chaves County, New Mexico, and two locales in Texas at 

the Diamond Y Spring Complex (Hershler et al. 2007, USFWS 2005). A fourth 

population was thought to occur at Bolsón de Cuatro Cíengas, Coahuila, Mexico (Taylor 

1987), but that population was recently described as a new species, Assiminea 

cienegensis (Hershler et al. 2007).  However, very few studies have been conducted since 

its discovery to fully evaluate its range. Approximately half of the known distribution is 

within the spring systems of Bitter Lake National Wildlife Refuge (BLNWR) located 

near Roswell, NM. It is possible that the snail’s actual range includes the area of land 

between the springs in Chaves County and Pecos County. Unfortunately, this area is 

outside the jurisdiction of federal agencies because it consists largely of private lands, 

which increases the difficulty of establishing populations of this species due to 

conflicting land use priorities (NMDGF 2005). 
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 The gaps in knowledge of Pecos assiminea distribution prevent a clear 

understanding of the species’ population size and range; hence, the possibility exists that 

these snails may not actually be imperiled or they may be even more imperiled than 

originally thought. Portions of Bitter Lake National Wildlife Refuge (BLNWR), near 

Roswell in Chaves County, New Mexico (Fig. 1.1) have been designated as critical 

habitat for this species for further investigation (USFWS 2011). Pecos assiminea is 

notoriously difficult to survey, due to its extremely small size, approximately 1-2 mm in 

length, and patchy distribution (Ladd 2010). Basic biological information needed for 

effective management at BLNWR, such as distribution, population status, and habitat 

associations is currently lacking. The recovery plan (NMDGF 2005) calls for developing 

a technique to monitor abundance since no current population estimate exists for Pecos 

assiminea. Developing reliable survey methodologies for endangered invertebrates is the 

priority of Region 2 Inventory and Monitoring especially for BLNWR. Although many 

endangered species occur on refuges, the U.S. Fish and Wildlife Service (USFWS) has 

tremendous responsibility for Pecos assiminea due to fee-title ownership of half of the 

species known distribution. Moreover, it was proposed in the recovery plan to combat the 

issue of insufficient information that defines suitable habitat by acquiring more 

information about the biology of the species to allow restoration or replication of their 

habitat (NMDGF 2005).Without effective monitoring tools and habitat associations to 

benefit, maintain, or restore habitat for endangered species, the USFWS cannot report on 

the status of Pecos assiminea or adequately adjust their management strategies in the face 

of threats. 



Texas Tech University, Elizabeth Roesler, May 2016 

4 

 

Therefore, the primary goals of the project were 1) empirically assess factors 

influencing the detection probability and accuracy of detection, 2) determine habitat use, 

3) evaluate the effects of a habitat restoration project, and 4) assess the relative 

effectiveness of two survey methods for estimating the presence and abundance of Pecos 

assiminea and other similar gastropod species.  
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CHAPTER 2: ESTIMATING THE EFFECT OF OBSERVER EXPERIENCE AND 

VEGETATION ON THE DETECTION PROBABILITIES OF OBSCURE SNAILS  

(Formatted for the Journal of Freshwater Biology) 

 

Abstract 

Developing monitoring methods for elusive, rare, patchily distributed, or 

imperiled species requires extra considerations such as survey efficiency. While detection 

is frequently modeled, the opportunity to assess it empirically is relatively rare. As part of 

an assessment of survey methodologies for Pecos assiminea, an endangered snail, we 

conducted an assessment of the effectiveness and accuracy of quadrat searches. Quadrat 

surveys (9 x 20 cm metal frame; n = 12) were placed along spring banks in suitable Pecos 

assiminea habitat and a randomly assigned number of empty springsnail shells (n = 0, 3, 

6, or 9 shells) were placed in each quadrat. Ten observers searched through the same 12 

quadrats for springsnail shells and habitat characteristics were recorded. The probability 

of detecting a snail when present was 72.2% but decreased with increasing in litter depth 

and lower numbers of shells present. The mean (± SE) observer accuracy was 43.59% ± 

17.09%. Observer accuracy was positively correlated to the number of snail shells in the 

quadrat and the order the quadrats were observed. The probability of detecting Pecos 

assiminea may be high, particularly in locations where there is a high density of snails 

and minimal vegetative litter, but estimates from past surveys likely underrepresent true 

abundance but are likely accurate in determining presence or absence. A standardized 

detection probability protocol serves as a monitoring tool to improve density estimates 

and conservation efforts of numerous behaviorally or environmentally elusive, small, 

rare, threatened and/or endangered species. 



Texas Tech University, Elizabeth Roesler, May 2016 

7 

 

 

Introduction 

The inability to completely detect challenging species, i.e., species that are 

difficult to find, elusive, rare or patchily distributed, makes estimating their distribution, 

abundance and density problematic and is a major impediment to developing 

conservation actions. Developing monitoring methods for such species, particularly if the 

species are imperiled, requires additional considerations such as sampling or survey 

efficiency, compared to commonly occurring species. Surveying for these groups often 

yields inconsistent or inaccurate results given their low population sizes or difficulty of 

detection (Breck, 2004). Detection plays a critical role in the ability to make accurate 

counts during a survey; however, detection is rarely perfect due to observer error, species 

rarity, species behavior, environmental conditions, etc. (MacKenzie, et al. 2002; Martin 

et al. 2005; Kellner & Swihart, 2014; Bouchet & Meeuwig, 2015). Therefore, not 

accounting for imperfect detectability when analyzing survey data creates uncertainty in 

the inferences drawn about the distribution and population density of the species under 

investigation. The raw count data may be caused by random variations or changes in 

detectability rather than changes in the distribution or abundance of the species 

(MacKenzie, et al. 2002). Unfortunately, many standardized monitoring protocols do not 

take these issues into consideration and are generally implemented under the assumption 

that instances when a species is not observed indicate the absence of the species from that 

survey point and/or sample (Royle & Link, 2006). In reality, two mutually exclusive 

conclusions could be drawn from not observing a target species at a survey location: 

either the species was truly absent from the site, or the species was present but went 
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undetected (Mackenzie et al., 2002; Royle & Link, 2006). Non-detection is not 

equivalent to absence; thus analyses involving survey data that does not account for 

detectability effects can become inflated with false zeros and be negatively biased 

(MacKenzie et al., 2002; Martin et al., 2005), resulting in underestimates for the 

population in question (Moilanen, 2002; Martin et al., 2005). For example, Moilanen 

(2002) found that reporting false zeros significantly affected all model components in 

metapopulation models, reducing the reliability of predictions. Non-detections do not 

occur at a constant rate and are more likely with rare or cryptic species, in habitats 

characterized by a small population size and/or other features that may interfere with 

detection, and when sampling effort is insufficient in time or space (Gu & Swihart, 

2004). 

When an individual of the target species is detected at a survey point, the 

probability of its detection has been influenced by an array of factors and variables. Root 

causes of inconsistent detections within a survey are comprised of discrepancies among 

observers, including misidentification of the correct focal species, behavioral patterns of 

the study organism, and environmental variability. Even though survey methodology is 

standardized for a particular monitoring effort, surveys generally involve sampling with 

different observers with highly varying levels of ability, e.g., visual or auditory acuity; 

skill; experience; and effectiveness, e.g., levels of interest, fatigue, etc. (Anderson, 2001). 

These variables among observers can affect the probability of detection and potentially 

has substantial effects on count indexes (Royle & Link, 2006). Similarly, detection 

probability can be influenced by environmental or habitat features (Gu & Swihart, 2004; 

Bouchet & Meeuwig, 2015), such as wind speed, temperature, precipitation, sunlight, 
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humidity, topography, day, season, vegetation height and density, disturbance, land use, 

cloud cover, etc. (Anderson, 2001). Lastly, specific-species characteristics, such as 

coloration, behavior, gender, and size, affect detectability (Anderson, 2001; Bouchet & 

Meeuwig, 2015). The issues associated with surveying wildlife and occupancy analyses 

have been thoroughly addressed in the literature (Anderson, 2001; MacKenzie, 2002; 

Moilanen, 2002; Gu & Swihart, 2004; Royle & Link, 2006), and the overarching 

conclusion is that understanding detectability, as well as the myriad factors that can 

influence it, is critical for producing accurate population estimates. Unfortunately, 

expertise and training to gain accurate quantitative information on population dynamics, 

including detection, can be costly in time and money for resource managers (Gu & 

Swihart, 2004) and methods used to estimate detection probabilities at each site and per 

observer can be time consuming, inefficient, and beyond the scope of the research 

questions (MacKenzie et al., 2002). To combat efficacy issues, developing an empirical 

experiment for evaluating detection probabilities by better interpreting the results of 

population density surveys is proposed. 

North American freshwater gastropods exemplify the problems surrounding 

detection and how failure to consider detectability can impede the development of 

efficient and effective survey methodologies. Many taxa are superficially similar in size 

and shape making accurate identification to the species level difficult without sacrificing 

individuals for DNA or morphological analyses. Furthermore, most species have a small 

adult body size, rendering them inconspicuous and leaving uncertainty regarding the 

efficacy of both historical and contemporary surveys. For example, Pecos assiminea 

(Assiminea pecos; Fig. 1.2a.) is a freshwater gastropod that reaches an adult size of only 
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1-2 mm and is golden brown in color, rendering it easy to overlook in its natural 

environment. It is a semi-aquatic snail inhabiting structured litter or saturated soils along 

the banks of aquifer-fed spring systems and other groundwater-reliant habitats in the 

Pecos River Basin (NMDGF, 2005; Hershler, Liu, & Lang, 2007). Approximately half of 

the known distribution of Pecos assiminea is found within the spring systems of Bitter 

Lake National Wildlife Refuge (BLNWR) located in eastern New Mexico near Roswell. 

The species was listed as federally endangered in 2005 (USFWS 2005). However, no 

population estimate exists for Pecos assiminea, in part because a technique to monitor 

abundance and distribution has only recently been developed. Preliminary quadrat 

surveys were conducted at BLNWR to gather baseline data and to determine possible 

effectiveness of the quadrat method, a practice commonly used to assess invertebrate 

populations (Roesler, unpublished data). However, the efficacy of the quadrat survey 

method has not been assessed and how variation of detection probabilities among 

observers effects survey results is unknown, especially in relation to snail density and 

habitat characteristics. Thus, the objective of this study was to empirically assess factors 

influencing the detection probability and accuracy of detection of Pecos and other similar 

gastropod species. 

 

Methods 

Study Area 

BLNWR is adjacent to the Pecos River, approximately 10 km east of Roswell, 

New Mexico (Fig. 1.1). The 9,929 hectare Refuge is located within the Chihuahuan 

Desert ecoregion and is characterized by desert and shortgrass prairie uplands (MacRae, 
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Lusk, & Radke, 2000). The geology is comprised of a karst topography rich with 

numerous springs, seeps, and sinkhole lakes, as well as their associated wetlands (Land & 

Huff, 2009). The survey was conducted at a site in BLNWR classified as non-critical 

habitat for Pecos assiminea. While critical habitats are areas known to contain 

endangered species reliant upon those locations for their survival, non-critical habitats are 

defined as areas where Pecos assiminea were unlikely to occur (USFWS, 1998). The 

experiment site was chosen to not be located within a critical habitat to prevent accidental 

detection of Pecos assiminea instead of the surrogate species and to prevent disturbances 

on sensitive habitat during the experiment.  

Study Design and Field Methods 

Empty phantom springsnail (Pyrgulopsis texana; Fig. 1.2b.) shells were used as a 

surrogate for Pecos assiminea due to their superficial similarities in appearance, size, and 

shape. Phantom springsnails are not known to occur at BLNWR, thus the risk of biased 

results due to the detection of live springsnails was not a concern in this study. The empty 

shells were painted to resemble the gold sheen of live Pecos assiminea shells and then 

sterilized prior to the experiment in an autoclave at 121°C and 15 psi for 15 minutes. 

Standardized survey protocols used for monitoring Pecos assiminea were implemented, 

consisting of three-sided 9 x 20 cm metal quadrats (n = 12) placed along spring banks in 

habitat that appeared suitable for Pecos assiminea based on previous surveys. Within 

each quadrat, painted springsnail shells were placed in microhabitats where Pecos 

assiminea is typically found, e.g., within litter, on bare ground, or adhered to the base of 

plant stalks, and secured using a small amount cyanoacrylate by a researcher not involved 

in the ensuing surveys of the quadrats. One of four snail density treatment levels was 



Texas Tech University, Elizabeth Roesler, May 2016 

12 

 

randomly assigned to each quadrat: none (n = 0 shells), low (n = 3 shells), medium (n = 

6 shells) and high (n = 9 shells).  

A total of ten observers participated in the experiment, four self-identified as 

beginners, three as intermediates, and three as experts. Those categorized as beginners 

had never participated in a survey for Pecos assiminea or other gastropod species, those 

identified as intermediates had assisted an observer in at least one Pecos assiminea 

survey, and experts had conducted at least one Pecos assiminea survey as the primary 

observer. All observers were allowed to inspect a vial containing the surrogate shells to 

develop a search image prior to starting the experiment. The observers were not informed 

as to the exact number of shells in each quadrat, only that quadrats could contain some or 

no shells. The starting position was randomized among observers. All ten observers 

searched through the same 12 quadrats for painted phantom springsnail shells for five 

minutes each in this experiment. Observers recorded the time they began observing each 

quadrat, quadrat number, and total number of shells found in each quadrat. After surveys 

were completed, percent composition of each vegetation species, percent composition of 

each litter species, and litter depth (cm) were recorded within each quadrat. 

Data Analysis 

Logistic regression was used to assess the influence of treatment level and 

environmental and observer covariates on the presence/absence of shell detection using 

the following model: 
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where p is the probability of the outcome, β1,…, βm are the coefficients associated with 

each explanatory variable x1,…, xm. The dependent variable is the logarithm of the ratio 

of two probabilities: the probability that a snail shell will be detected divided by the 

probability that it will not. In this case, the dependent variable is probability of detection 

whereas the independent variables are variables that may affect detection. The test 

analyzed the following parameters: order quadrat was observed, order the observer 

visited the quadrats, percent of ground covered by vegetation, percent of ground covered 

by leaf litter, experience level of observer, bank slope, and litter depth. Variables were 

selected using backwards stepwise selection procedure to decide which predictive 

variables to retain in the final model. Variables that had a Pr > ChiSq value less than 0.05 

remained in the final regression equation. 

Analysis of covariance (ANCOVA) was used to test the null hypothesis that 

accuracy of shell counts did not vary as a function of observer (fixed effect) or snail 

density (covariate). The predictive variables included in the analysis were order quadrat 

was observed, order the observer visited the quadrats, percent of ground covered by 

vegetation, percent of ground covered by leaf litter, experience level of observer, bank 

slope, and litter depth. Models were selected using backward elimination procedure to 

decide which predictive variables to retain in the final model. Accuracy was defined as an 

observer’s ability to correctly count the true number of shells in a quadrat. A value of α = 

0.05 was used to judge the significance of all statistical tests. The logistic regression 

procedure and ANCOVA were performed in SAS 9.3 (SAS Institute Inc., Cary, NC). 

 

Results 
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Detection 

The naïve detection probability produced by experimental results was 72.2%, i.e., 

65 detection events out of the 90 events where detection was possible. However, habitat 

conditions influenced the ability of observers to detect snail shells in the quadrats (Fig. 

1.3; Logistic Regression: n = 119, likelihood ratio test = 47.59, score test = 43.79, Wald’s 

test = 25.89, P < 0.01). The probability of an observer detecting snail shells was 

described by the following finalized logistic model (n = 119, likelihood ratio test = 46.83, 

score test = 41.45, Wald’s test = 30.83, P < 0.01): 

 
Specifically, the probability of an observer detecting a snail was negatively correlated to 

litter depth (n = 119, Wald’s chi-square = 14.15, P < 0.01). Furthermore, the number of 

snail shells present within a quadrat was positively correlated to the probability of an 

observer detecting snails within a quadrat (n = 119, Wald’s chi-square = 13.80, P < 

0.01). The number of times a quadrat was searched prior to a given observation (P = 

0.11), the number of quadrats an observer searched prior to a given observation (P = 

0.14), percent composition of vegetation (P = 0.46), percent composition of litter (P = 

0.90), experience level of observer (P = 0.37), bank slope (P = 0.11), and soil 

temperature (P = 0.86) had no influence on the probability of detection (Table 1.1). The 

detection probability also did not differ by percent composition of individual plant 

species (P = 0.55) and their associated litter (P = 0.85).  

Accuracy 
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While the probability of an observer detecting snail shells when present was 

reasonably good, the chances of the same observer finding and reporting the correct 

number of snail shells was not. Mean (± SE) observer accuracy was 43.6% ± 17.1, i.e., 

observers tended to underestimate the number of snail shells present by a factor of 2-3, 

and varied according to both environmental and observer factors (F5,111 = 68.64, P < 0.01, 

R2 = 0.76). Accuracy was positively correlated to the number of snail shells placed in a 

quadrat (F3,111 = 91.51, P < 0.01). Accuracy tended to be greatest when there were no 

snail shells present in a quadrat and lowest when there were nine shells, but similar at the 

intermediate treatment levels (Table 1.2). Observer accuracy was negatively correlated to 

the number of times a quadrat was searched (F1,111 = 5.61, P = 0.02) and the number  

quadrats an observer searched (F1,111 = 7.87, P < 0.01) prior to a given observation. It is 

important to note that the order the observer visited the quadrats and the order the quadrat 

was observed were heavily confounded with each other and thus our experiment.  

 

Discussion 

Large bodies of research report the qualitative effects of detection probabilities 

through modeling, but surprisingly few studies have empirically determined this effect 

(Alldredge et al., 2007), especially in the context of estimating observer accuracy. 

However, such studies are essential when a quantitative theory of how detection effects 

population estimates is discussed. The results of this experiment indicate the probability 

of detecting Pecos assiminea or other small-bodied semi-aquatic gastropods may be 

relatively high, particularly in locations where there is a high density of snails and 

minimal vegetative litter. While standing vegetation did not seem to affect detectability, 
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the amount of litter in a quadrat was negatively correlated to snail detection. Furthermore, 

the vegetative species did not significantly impact detection, likely because the physical 

plant attributes that can deter an observer from detection are similar between plant 

species in this habitat. Interestingly, my results indicated that prior experience had little 

effect on the probability of an observer detecting snails when present, likely because 

training has been shown to be unable to remove varying observer abilities on detection 

(Frederick et al., 2003; Elphick et al., 2008). Therefore, previously established statistical 

methods that incorporate detection probabilities, such as occupancy modeling (Royle & 

Link, 2006), can more efficiently deal with my zero-inflated data (Miller et al., 2012).  

In terms of accuracy, however, the more times an individual quadrat is searched 

decreased the observer’s accuracy for all treatment levels likely due to increased 

disturbance of the quadrat over time that allowed for detection but not a greater accuracy 

(Fig. 1.4). The probability of underestimating the true number of snails in a quadrat was 

high, since accuracy only ranged from 16-33%. Future surveys will likely have better 

accuracy within the beginning of a survey since observer fatigue may have caused 

accuracy to decrease over time, however observer fatigue was not measurable in this 

experiment given its short duration. A lot of concentration is required for an observer to 

search for an object approximately 1 mm in size and thus, it may be necessary to allow 

time for frequent breaks when developing a survey. Accuracy also indicated that people, 

on average, underestimated snail densities 3 times less that what was present, which is 

not uncommon in wildlife surveys (MacKenzie et al., 2002; Moilanen, 2002; Federick et 

al., 2003; Bailey, Simons, & Pollock, 2004; Gu & Swihart, 2004;  Royle et al., 2005; 

Elphick et al., 2008). Even though the detection probability was higher than expected, 
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accuracy estimates were not ideal enough to use for obtaining accurate estimates of Pecos 

assiminea populations. Observer accuracy was highest when no shells were present likely 

because zero shells provided less opportunity for miscounting.  

The main implication with these finding is snail estimates from past surveys are 

likely underrepresenting the true abundance, however observers likely will be accurately 

assessing absences. Therefore, this information can now be used to apply a calibration 

(3*n) to obtain a relative abundance estimate from past and future Pecos assiminea 

surveys. There are some limitations in the methods of this study. Only presence-absence 

data were used for detection and only abundance data were used for accuracy. Performing 

analysis on both presence and abundance data by incorporating detection and accuracy 

into maximum likelihood models, such as the methods described in Royle et al. (2005), is 

an avenue worth pursuing to compare how the results may differ from this study. 

Although litter height and snail abundance were the primary covariates associated with 

detection, some forms of heterogeneity may be accounted for in other covariate 

information such as site characteristics or environmental conditions, not measured at the 

time of sampling (MacKenzie et al., 2002) or factors that would impact the detection of 

live snails, because of their mobility. Potential differences might be expected if the study 

were repeated with live organisms, especially if shells in this experiment were placed in 

habitats that Pecos assiminea would not use. Lastly, the same quadrats were searched 

throughout the duration of the study. This did not impact observer detection, but did 

affect accuracy. 

 For stronger explanatory power in future studies, it is recommended to increase 

the number of observers, quadrats, replicates, snail densities (treatment levels), and 
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habitat variables that are possibly related to detection probability (Gu & Swihart, 2004). 

Minimal training may be sufficient for personnel conducting Pecos assiminea surveys 

since experience level was not significant for either detection or accuracy. This study did 

not incorporate the potential influence of diet, movement, or seasonal factors. 

Unfortunately, time and space were limiting factors to be able to achieve this. Sampling 

was performed only one time at midday with the best opportunity for visual detection. 

Occupancy likely changes over years or between seasons as populations change; thus to 

replicate real life, sites should be surveyed on more than one occasion between these 

periods of change, for multiple periods (MacKenzie et al., 2002) to obtain a more 

realistic estimate of detection and accuracy. Other techniques and associated statistical 

analyses, such as mark–recapture, occupancy modeling and hierarchical model for 

density estimation, provide the basis for monitoring temporal and spatial changes (Li et 

al., 2012), which can be coupled with empirical studies and should be applied to 

freshwater gastropods and other similar species in future research. 

A good understanding of how often and under what circumstances miscounting or 

making estimation errors during ecological surveys for many species is lacking (Elphick 

et al., 2008), particularly for freshwater gastropods. An estimated 60-75% of freshwater 

gastropods are imperiled (Lysne et al., 2008; Strong et al., 2008; Johnson et al., 2013). 

Understanding detection probabilities and accuracy allows for greater efficacy in 

surveying and population estimates, which is critical to the process of species 

conservation (Martin et al., 2007). In most field surveys, especially involving challenging 

species (i.e., rare, patchy, or elusive), individuals frequently go undetected when they are 

present, causing low detection probabilities and high non-detection errors from the survey 
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(Gu & Swihart, 2004). Detection probabilities can be influenced by numerous variables, 

including: species density, seasonal or behavioral patterns, size of the species, weather 

and environmental variations, sampling occasions, or amount of area surveyed, etc. 

(Bailey et al., 2004), and thus these findings provide empirically derived detection 

probabilities to be compared to modeled detection probabilities and inform managers on 

conservation. It also illustrates that some factors that were assumed to be important for 

successful surveys may not be that important. Studies on other taxa are more likely to 

incorporate detection probabilities, but conservation cannot continue unless more 

publications on these invertebrates draw attention to the issue (Kellner & Swihart, 2014). 

Recognizing how to appropriately allocate limited resources for conservation, especially 

for organisms with low detection probabilities, is a major issue in the recovery of 

imperiled species (Campbell et al., 2002). Identifying detection rates will aid in the 

development of a successful monitoring program and thus better guide management 

decisions impacting conservation efforts of Pecos assiminea. This experiment also served 

to determine the level of required training for new observers to effectively survey. 

Simultaneously, a standardized protocol on performing a detection probability 

experiment will serve as a monitoring tool to improve density estimates and conservation 

efforts of numerous challenging species (i.e., behaviorally or environmentally elusive, 

small, rare, threatened and/or endangered species) including the endangered Pecos 

assiminea. 
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Fig. 1.1 Known distribution of Pecos assiminea, including Reeves and Pecos Counties, 
Texas, and Chaves County, New Mexico, (a) in which Bitter Lake National Wildlife 

Refuge (BLNWR) and main survey sites, Bitter Creek and Sinkhole 31, and the location 
of the detection probability experiment, Unit 5, at BLNWR are located (b). 
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Fig. 1.2 (a) Photographs of Pecos assiminea (Assiminea pecos) taken in the field at Bitter 
Lake National Wildlife Refuge. The teasing needle is 1.2 mm wide, (b) Photograph of 

phantom springsnail (Pyrgulopsis texana) shells painted to resemble Pecos assiminea 
(Assiminea pecos). Scale bar represents 1 mm.  

(a) 

(b) 
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Fig. 1.3 Relationship between the probability of detecting Pecos assiminea surrogates in a 
quadrat and the litter depth and number of surrogate snail shells present in that quadrat 
based on 119 quadrats. The odds ratio for the number of snails present coefficient is 1.54 

with a 95% confidence interval of [1.30, 1.81] and for the litter depth coefficient is 0.70 
with a 95% confidence interval of [0.59, 0.83]. 
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Table 1.1 Analysis of penalized maximum likelihood estimates (Wald Chi-square), 

degrees of freedom (DF), standard error, and Pr > ChiSq values in a logistic regression of 
nine tested habitat variables likely associated with the detection of Pecos assiminea. Pr > 

ChiSq values ≤ 0.05 were considered significant and indicated with *. 

Parameter DF Estimate Standard 

Error 

Wald 

Chi-

Square 

Pr > ChiSq 

Intercept 1 1.60 7.31 0.05 0.83 

*Shells present 1 0.61 0.16 13.8 < 0.01 

Observer order 1 0.69 0.47 2.14 0.14 

Quadrat order 1 -0.90 0.56 2.57 0.11 

% Vegetation 1 -0.07 0.09 0.53 0.47 

% Litter 1 -0.01 0.07 0.02 0.89 

Bank slope 1 -0.05 0.03 2.43 0.12 

*Litter depth 1 -0.41 0.11 15.06 < 0.01 
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Table 1.2 ANCOVA least square means as the accuracy rates per treatment (number of 

shells) and their associated standard errors. Phantom springsnail (Pyrgulopsis texana) 
shells was used as a surrogate for Pecos assiminea (Assiminea pecos) in a detection 

probability experiment conducted in November 2014. 
 

Shells Mean Accuracy Rate (%) Standard Error 

0 97.2 < 0.01 

3 27.9 30.4 

6 32.7 21.77 

9 16.6 16.17 
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Fig.1.4 A quadrat during the detection probability experiment in November 2014 at Bitter 

Lake National Wildlife Refuge, (a) before it was searched, and (b) after it was searched, 

by 12 observers.   

(a) 

(b) 
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CHAPTER 3: HABITAT ASSOCIATIONS OF PECOS ASSIMINEA WITHIN 

BITTER LAKE NATIONAL WILDLIFE REFUGE 

(Formatted for the Society for Freshwater Science) 

 

ABSTRACT 

Pecos assiminea (Assiminea pecos) is an endangered, semi-aquatic snail endemic 

to two spring systems located in eastern New Mexico and West Texas. Basic biological 

information needed for effective monitoring and conservation is currently lacking for this 

species. Therefore, objectives of this study were to compare the effectiveness of surveys 

using two gear types, quadrats and weathered wooden tiles left on the substrate, for 

estimating Pecos assiminea distribution and relative abundance, determine Pecos 

assiminea habitat use at two sites at Bitter Lake National Wildlife Refuge in eastern New 

Mexico, and assess the response of Pecos assiminea to the removal of common reed 

(Phragmites australis). Sampling occurred during 2013-2015 using metal quadrats and 

wooden tiles and a suite of habitat variables were collected at each sampling point. 

Environmental factors related to soil temperature, soil moisture, and litter depth were 

associated with the presence of Pecos assiminea at both survey locations. The removal of 

common reed seemed to have no effect on Pecos assiminea occurrence or abundance, 

likely due to the fact that removal efforts did not influence the environmental variables 

identified as being important to determining the presence of Pecos assiminea. Detection 

of snails was tended to be more consistent and require less time with wooden tiles 

compared to quadrats, but the possibility that the tiles attracting snails cannot be 

excluded. These results will inform planned restoration and conservation actions for 
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Pecos assiminea and provide a means of developing survey and monitoring programs for 

similar species. 

 

INTRODUCTION 

North American freshwater species are facing an extraordinarily high rate of 

extinction due to the numerous anthropogenic influences upon these systems (Richter et 

al. 1997, Ricciardi and Rasmussen 1999). The projected mean future extinction rate 

through the next century for freshwater fauna is estimated to be three times the rate for 

coastal marine mammals, and five times greater than terrestrial fauna (Ricciardi and 

Rasmussen 1999). In freshwater environments, the taxonomic group most at risk for 

extinction is mollusks (Lydeard et al. 2004). A total of 708 imperiled freshwater mollusks 

are currently described in North America (Lydeard et al. 2004). This total includes 

unionid mussels, with an estimated 67-72% of known taxa considered imperiled (Richter 

et al. 1997, Johnson et al. 2013), and freshwater gastropods, in which 60-75% are 

estimated to be imperiled (Lysne et al. 2008, Strong et al. 2008, Johnson et al. 2013). 

Traditionally, research attention tends to focus efforts more on fauna that is charismatic, 

obvious in their environment, or well-known, often limiting conservation resources 

available to invertebrates and especially gastropods, which have a poor public image 

(Lydeard et al. 2004, Strong et al. 2008).  

Nonetheless, North American freshwater gastropods are facing many of the same 

threats experienced by fishes and unionid mussels alike, primarily changes in human 

water and land use practices, habitat loss and degradation, alterations to their 

physiochemical environment, and the introduction of competitors and predators (Johnson 
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et al. 2013, Strong et al. 2008). With the ever increasing global demand for water, the 

most apparent threat is the unsustainable use of ground water (Lysne et al. 2008), which 

includes aquifer withdrawals and agricultural diversions for irrigation. Water withdrawals 

can lower the water table, jeopardizing the quantity and quality of spring habitats and the 

relatively large number of endemic freshwater gastropods dependent upon them (Lysne et 

al. 2008, Strong et al. 2008). Although the root causes of imperilment for most freshwater 

gastropods are known, effective conservation efforts have been stymied by a lack of 

experts and critical baseline data relating to distribution, abundance, basic life history, 

physiology, morphology, and diet (Lysne et al. 2008, Strong et al. 2008). The absence of 

basic knowledge on the ecology and biology constitute an additional threat to freshwater 

gastropod persistence, making them especially vulnerable to inaction by natural resource 

agencies. Further investigation is needed to address the gaps in research to effectively 

conserve and promote the recovery of understudied freshwater gastropods. 

A species that exemplifies the need for a greater understanding to mitigate the 

issues influencing freshwater gastropods and endangered species in general is Pecos 

assiminea (Assiminea pecos; Fig. 2.1). The genus Assiminea is a cosmopolitan group of 

amphibious to terrestrial rissooidean caenogastropod snails of small size, which inhabit 

brackish waters in tropical and temperate regions worldwide (Abbott 1958, Taylor 1987, 

Fukuda and Ponder 2003). There are fifty to sixty known species in the genus; however, 

the taxonomy of the genus remains unresolved as most of its species are poorly 

understood with minimal descriptions in the literature and poor representation in museum 

collections (Abbott 1958, Taylor 1987, Fukuda and Ponder 2003). Pecos assiminea is a 1-

2 mm, gold colored semi-aquatic snail that inhabits structured litter or saturated soils 
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along the banks of aquifer-fed spring systems and other groundwater-reliant habitats in 

the Pecos River Basin (NMDGF 2005, Hershler et al. 2007). Approximately half of the 

known distribution is within the spring systems of Bitter Lake National Wildlife Refuge 

(BLNWR) located near Roswell, NM (Fig. 2.2). Pecos assiminea is thought to be 

associated with wetland habitats characterized by saturated soils and dominated by 

species common in wetland plant communities at BLNWR (Lang 2002), such as bulrush 

species (Schoenoplectus spp.), inland saltgrass (Distichlis spicata), common reed 

(Phragmites australis), and spikerush (Eleocharis spp.), based upon pilot studies 

performed at BLNWR. 

Pecos assiminea was first described in 1987 from collections taken from New 

Mexico, Texas, and Coahuila, Mexico (Taylor 1987). It is a unique member of its genus 

as it is considered one of the few land-locked species thought to be derived from coastal 

ancestors (Hershler et al. 2007). It was not until 2004 that it received conservation 

attention because of threats to its groundwater-reliant habitats (Hershler et al. 2007) and 

was identified as a candidate for federal protection (USFWS 2004). The U.S. Fish and 

Wildlife Service (USFWS) prioritized the protection and conservation by listing it as 

federally endangered the following year (USFWS 2005). An interagency recovery plan 

was then created for Chaves County, New Mexico proposing a reactive plan of objectives 

and strategies for four endangered invertebrates, including Pecos assiminea (NMDGF 

2005). The plan called for improving knowledge of its biological requirements, allowing 

for efficient, effective habitat restoration, and eventual establishment of new refugia 

(NMDGF 2005). The extent of Pecos assiminea habitat association baseline data is quite 

limited. Specifically, an area of research that needs improvement is a greater 
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understanding of preferred microhabitat conditions and current habitat. Although 

understanding its habitat use will not promote direct conservation of the species, it can 

decrease uncertainty, promote more attention to a well-deserved group, and increase 

baseline knowledge for a greater efficacy of future habitat restoration and conservation 

efforts. Additionally, increasing understanding of Pecos assiminea at BLNWR serves as a 

case study to address the general issues raised about freshwater gastropods, endangered 

species, and aquatic habitat alterations. In response to the conservation needs of this 

endangered snail, the primary goals of the project were to 1) determine habitat use, 2) 

evaluate the effects of a habitat restoration project, and 3) assess the relative effectiveness 

of two survey methods for estimating the presence and abundance of Pecos assiminea at 

BLNWR. My research provides improvements on previous efforts to collect baseline data 

and serves as a model for future studies concerning this and other endangered species.  

 

METHODS 

Study Area 

Bitter Lake National Wildlife Refuge is located along the west side of the Pecos 

River, approximately 10 km east of Roswell in Chaves County, New Mexico (Fig. 2.2). 

The 9,929 hectare Refuge is in the Chihuahuan Desert ecoregion and characterized by 

desert and shortgrass prairie uplands (MacRae, Lusk, and Radke 2000). The physical 

geography is comprised of a karst topography rich with numerous springs, seeps, and 

sinkhole lakes, as well as their associated wetlands (Land and Huff 2009).  The wetland 

plant community is dominated by the invasive plant common reed, in addition to a 

variety of native species including inland saltgrass, Pecos sunflower (Helianthus 
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paradoxus), alkali sacaton (Sporobolus airoides) and willow baccharis (Baccharis 

salicina) (Peterson and David 1998). The Refuge contains a large (approximately 87 ha.) 

natural saline playa, Bitter Lake, fed by Bitter Creek and the Sago Spring Wetland 

Complex, which are centers of diverse animal and plant life (Peterson and David 1998). 

These wetlands are critical habitat for numerous federally listed species, including the 

endangered Interior Least Tern (Sterna antillarum), Pecos Gambusia (Gambusia nobilis), 

Pecos sunflower (Helianthus paradoxus), Noel’s amphipod (Gammarus desperatus), 

Roswell springsnail (Pyrgulopsis roswellensis), Koster’s springsnail (Juturnia kosteri), 

and Pecos assiminea. The large number of endangered species makes BLNWR one of the 

most biologically significant wetlands in the state of New Mexico (Land and Huff 2009).  

Many of the endangered species endemic to BLNWR can be found at Bitter 

Creek, which consists of a series of vents and seeps that combine and feed into Bitter 

Lake. The isolation and unique physicochemical and geologic features of Bitter Creek 

and Bitter Lake were primary factors contributing to the large number of rare and 

endemic species occupying it (MacRae, et al. 2001). Like most spring systems, Bitter 

Creek’s discharge is dependent upon local groundwater levels which is vulnerable to the 

existing anthropogenic hydrological alterations. Bitter Creek is approximately 1,000 m in 

length and 2-5 m wide. The narrow banks limit the amount of riparian vegetation, 

particularly because the bank has been invaded `invaded by common reed as a result of a 

human-caused fire in 2000 near BLNWR (NMDGF 2005). This variety of common reed 

is an aggressive species outcompeting most of the native vegetation within the habitat. 

Common reed is assumed to negatively impact Pecos assiminea via alterations in plant 

communities, increased shading, rapid accumulation of litter, and slowing of flows in 
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adjacent creeks and spring runs. As a response, BLNWR has been undergoing an 

extensive, multi-year restoration effort to remove common reed from roughly a third of 

its banks each year, starting in 2013. 

Pecos assiminea is found in a few other areas at BLNWR aside from Bitter Creek. 

One of the areas is Sinkhole 31, where populations appear to be relatively stable in 

comparison to Bitter Creek, 680 meters due west (Lang 1998, Lang 2002, NMDGF 

2005). The sinkhole is yet to be completely invaded by common reed but does contain a 

small isolated patch of the invasive plant. It is not subjected to as much anthropogenic 

influences as the creek, making it a suitable control group. Sinkhole 31 was formed by 

the dissolution of underlying carbonate formations (MacRae et al. 2001), filled by 

groundwater and thus surrounded by a large, marshy riparian area fed by spring heads in 

the Sago Spring Complex. The sinkhole is approximately 16 by 26 m and lacks the steep 

banks characteristic of Bitter Creek. The plants that dominate the riparian area at 

Sinkhole 31 are bulrush (Schoenoplectus spp.), inland saltgrass (Distichlis spicata), and 

spikerush (Eleocharis spp.). Surveying both sites will allow for a more thorough 

understanding of habitat use and to make comparisons with restoration efforts.  

Study Design and Field Methods 

A quadrat approach using a stratified random sampling design has been used to 

determine density and habitat associations of other freshwater gastropods at Diamond Y 

Spring in Reeves County, Texas (Ladd 2010). The approach was relatively time intensive 

and Ladd primarily focused on aquatic snails and not as much on the semi-aquatic Pecos 

assiminea. Preliminary quadrat surveys were conducted at BLNWR to gather baseline 

data and determine possible effectiveness of the quadrat method on surveying Pecos 
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assiminea, a practice commonly used to assess invertebrate populations. Alternatively, 

clay tiles have often been used to monitor and obtain density estimates for aquatic snails 

(Jones and Boulding 1999, Lang 2001, Martinez and Rogowski 2011), but attempts by 

NMDGF to monitor this species with clay tiles placed in the springs proved unsuccessful 

(B. Lang, New Mexico Game and Fish, personal communication). A modification of the 

clay tile approach to capture semi-aquatic snails is to place wood tiles flush on moist soil 

in the riparian area of a spring suspected of containing Pecos assiminea. Snails have been 

observed attached to structured plant litter. A pilot wood tile study conducted in April 

2012 around Sinkhole 31 at BLNWR suggested that it will utilize the wood tiles as an 

alternative substrate much like aquatic snails use clay tiles. Therefore, quadrats and tiles 

were utilized to survey for Pecos assiminea. 

Pecos assiminea sampling occurred during 2013-2015. The sampling interval was 

every 4-6 weeks during 2013. Two additional samples were added in both 2014 and 

2015. Surveys were not conducted during 01 March-01 May in order to avoid impacting 

the endangered Pecos sunflower during its germination and early growth stages. Two 

survey methods were compared to assess the relative effectiveness of estimating the 

distribution and abundance of Pecos assiminea. At Bitter Creek and Sinkhole 31, quadrats 

(Fig. 2.3) were placed at varying distances along the banks. Quadrat locations were 

randomized for each survey effort and each point had a unique latitude and longitude. All 

distance from water randomizations were produced using the random number function in 

Excel 2010 (Microsoft, Redmond, Washington. All location points were randomized in 

ArcGIS10.1 (ESRI, Redlands, California). Each quadrat search was limited to 5 minutes 

in duration since personal observations suggested that snails, when present, were detected 
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within approximately 3 minutes. Additionally, when a quadrat placement location was 

deemed highly unsuitable, i.e., located in dry upland habitat, the search time was reduced 

to 2 minutes to improve efficiency.  

 Within each quadrat, live snails were identified and counted, then returned to 

their point of capture. A suite of habitat variables were collected at each sampling point. 

Elevation relative to water was defined as the difference in height (cm) between the water 

and quadrat location. Slope was measured by determining the angle of the bank at the 

location of the quadrat. Both elevation and slope were obtained using a handmade sliding 

tool comprised of two meter sticks and a protractor. Distance was defined as the 

perpendicular distance (cm) from the water to the random placement of the front of the 

quadrat. Subsurface (2 cm depth) temperature (°C) was obtained using a digital 

thermometer. Soil moisture was measured indirectly using a MM1000 multimeter (Klein 

Tools, Lincolnshire, Illinois) by recording resistance (kΩ) as a proxy (Soliman et al. 

2013). The percent of standing surface water was estimated by looking at the amount of 

water occupying an area in the survey method, and using a ruler, the greatest depth (mm) 

was recorded. Percent vegetation was defined as the estimate of percent cover of 

emergent vegetation within each quadrat. Percent litter was defined as the estimate of 

percent of the quadrat containing plant litter and depth (cm) was measured. Percent bare 

was defined as the estimate of percent of area within a quadrat that was composed of 

substrate only, i.e., lacking vegetation. Estimates of percent cover of each vegetative 

species was also measured and recorded. Later on in the study, specific species of litter, 

their percent composition, and litter depth (cm) was deemed to be important information 

and was added to the data collection. Air temperature (°C) was measured using a 
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handheld weather meter (Kestrel 4000, Nielsen-Kellerman, Boothwyn, Pennsylvania). 

Light intensity (lx) was measured at ground level and at a height of 30 cm using a 

LX1010B mini digital Lux meter (Sinometer, ShenZhen, China). 

The second survey methodology utilized was weathered pine tiles crafted from 

untreated pallet wood (Fig. 2.3). Tiles were positioned flush with ground underneath the 

litter layer. They took approximately 2-4 weeks to become saturated with water and 

become an optimal artificial habitat for snails by resembling the consistency of the 

surrounding marsh soil and plant debris. A stratified random sampling technique was 

employed to reduce selection bias and ensure an accurate representation of the habitat, 

similar to that applied to standardized mussel surveys to improve sampling efforts 

(Strayer and Smith 2003). Initial placement locations of the wood tiles were randomly 

stratified, then remained in the same location for the duration of the study. When 

monitoring with tiles, the tile was brought up to eye level, rotated around and live Pecos 

assiminea were counted, noting their location on the tile. Other invertebrates observed 

using the tile were also identified and recorded. No organisms were removed from the 

tiles. Additionally, air temperature (°C), subsurface soil temperature (°C), and percent 

and depth (mm) of surface water were measured. Distance to water (cm) and total 

riparian length (cm) were recorded. Once observations were completed, tiles were 

replaced in their exact location and covered again with litter to remain saturated. 

Temperature data loggers (iButtons, Maxim Integrated, San Jose, California) were 

implemented to document the seasonal variation of temperature within each site. The 

recovery rate of iButtons was low, likely due to fluctuating water levels, thus this 

information is only included in the appendices. A total of 15 and 3 temperature data 
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loggers were recovered from Bitter Creek and Sinkhole 31, respectively. A temperature 

data logger was positioned underneath and above on half of the tiles. The temperature 

data loggers were programmed to record ambient temperature (± 0.5 or 1 °C) every 2 hrs. 

The maximum, minimum, and average daily temperatures were calculated for each 

recovered temperature data logger as supplementary data (see Appendix). 

At Sinkhole 31, 12 quadrats were placed in the surrounding riparian zone per 

survey. Riparian zone was defined by the plant community present. Transect tape was 

stretched the entirety of the riparian lateral distance, perpendicular to the shoreline of the 

sinkhole in each cardinal direction, and 3 quadrats were placed along each axis by using a 

random number generator to the nearest centimeter. A total of 16 wood tiles, 4 on each 

transect line, were randomly placed around the sinkhole and remained there for the 

duration of the project. Tiles and quadrats were located on either side of the transect line 

to ensure an observably comparable habitat and to minimize trampling the vegetation 

when surveying.  

Bitter Creek Restoration 

Surveys were conducted along Bitter Creek to also monitor the response of Pecos 

assiminea to the removal of common reed. Bitter Creek was divided into three arbitrarily 

sized sections for ease of the removal: north, middle, and south (Fig. 2.2). Refuge staff 

cut and removed the dead/dormant stalks in winter time. Next, common reed was treated 

with herbicide in the summer. Some supplemental planting f native vegetation was 

performed when possible, usually in the late summer and fall, but occasionally in the late 

winter and early spring. Refuge staff removed common reed in the south section during 

January 2013, continued the process in the middle section February 2014, and removed 
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the remaining reed from the north section in February 2015. Each section was treated the 

following summer. Sections were surveyed with 12 x 12 x 1 cm weathered pine tiles 

crafted from untreated pallet wood and 9 x 20 cm 3-sided metal quadrats pre- and post-

treatment to detect differences in the presence of Pecos assiminea. Initial placement 

locations of the wood tiles were randomly stratified and remained in location for the 

duration of the study. For both survey methods, a higher probability of placement was 

selected within the first 50 cm (67%) at 10 cm increments, with the remaining probability 

(33%) in the 60-100 cm range (Fig. 2.4).  For this study, approximately 20% of the 

quadrats and tiles were placed on the west riparian side of Bitter Creek to obtain a 

representation of the habitat, with the remainder placed on the east. A total of 45 tiles and 

36 quadrats were surveyed in each effort (n = 11) for the entirety of the creek. In each 

survey, 11 quadrats and 13 tiles were placed and monitored in the south section, 17 

quadrats and 21 tiles in the middle, and 9 quadrats and 11 tiles in the north ( n = 396 

quadrats, n = 495 tiles). The number of tiles and quadrats were relatively proportional to 

the length of each section. Majority of past research at Bitter Creek has been conducted 

on the eastern riparian side due to convenience, ease in accessibility, and differences in 

elevation and slope. Simple linear regressions were calculated to predict changes in 

presence or abundance to restoration in all three sections over time and months since 

restoration. 

Data Analysis 

From quadrat surveys at both sites, habitat use data were collected and later 

analyzed via the tree classification method, which involves a recursive partitioning of the 

data collected from both study sites into two groups, presence and absence of Pecos 
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assiminea, that are as similar as possible within each partition. The central goal of this 

method is to promote the most homogeneity within the habitat data to serve as a predictor 

for the response variable. Presence of Pecos assiminea was used for these analyses 

instead of abundance for simplification, since most observations were in densities no 

more than 1 or 2 snails. Classification tree analysis was conducted using function “rpart” 

(Therneau et al. 2010) in program R (version 3.0.1; R Foundation for Statistical 

Computing, Vienna, Austria) to determine habitat variables that serve as primary drivers 

of snail occurrence. For each site, snail occurrence was classified as a binary response 

depending on whether a snail was detected within a quadrat. Values at each terminal node 

indicate the number of presences (right) and absences (left) used to create observation 

probabilities based on past observations. Analyses included data from 2013-2015 at both 

sites. The following explanatory variables were included in the analysis: distance to 

water, air temperature, percent bare ground, percent vegetation, vegetative and litter 

species compositions, percent litter, litter depth, soil temperature, percent standing water, 

depth of standing water, resistance (as a proxy for soil moisture), light intensity, and 

slope and bank height (at Bitter Creek only). Variables containing less than 40% missing 

information (caused by equipment malfunction) were chosen to be included in these 

analyses because of the program’s capability to handle observations with missing values 

(Therneau et al. 2010). Classification trees were developed using the default 

specifications to simplify interpretation, increase their predictive ability, and reduce the 

node errors. Specifically, a split had to contain at least 15 observations to split and have a 

minimum of nine observations at the terminal node (minsplit = 15, minbucket = 9) to 

remain in the final tree. To avoid over fitting, which increases the test error, pruning of 
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the tree was performed by preventing the tree from overgrowing. Root node error is used 

to compute two measures of predictive performance, relative error (root mean squared 

error) and x-error (cross-validation error). Misclassification error is calculated by 

multiplying relative error with root node error.  

 

RESULTS 

Habitat Use 

The occurrence of Pecos assiminea in quadrats at both sites was analyzed using a 

classification tree. The tree with the lowest relative and x error and best fit for Bitter 

Creek consisted of four splits and five terminal nodes (n = 392) with a root node error = 

0.076531 and a misclassification rate of 6.4% (Fig. 2.5). The first split showed the 

elevation relative to water to be the top splitting variable, where elevation ≥ 15.55 cm 

resulted in only a 4% of sites containing Pecos assiminea (n = 300). This split eliminated 

a great majority (~77%) of observations, thus bank height is considered to be an 

important characteristic in snail habitat use. When the elevation relative to water was < 

15.55 cm, a second split was created based on litter depth (n = 92). When the litter depth 

was ≥ 7.25 cm, only 5% of sites contained snails (n = 39). Below this threshold, the next 

tree split followed was again litter depth (n = 53). When litter depth was < 4.25 cm, only 

2% of sites contained snails (n = 32), whereas litter depth was ≥ 4.25 cm, the branch split 

further. The last split was soil temperature (n = 21), where temperatures < 20.6 °C 

yielded 20% of sites (n = 10). Lastly, when soil temperature was ≥ 20.6 °C (in addition to 

all the previous nodes), Pecos assiminea was detected in 73% of sites (n = 11) and is the 

final split of the tree. Thus, the greatest chance of observing a snail within a quadrat is 
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when elevation relative to water is < 15.55 cm, litter depth is ≥ 4.25 cm and < 7.25 cm, 

and soil temperature ≥ 20.6 °C, resulting in a probability of 73%.  

The classification tree with the lowest relative and x error and best fit for Sinkhole 

31 contained two splits and three terminal nodes (n = 132) with a root node error = 

0.2803 and a misclassification rate of 19.7% (Fig. 2.6). The first split was based on the 

distance from water, where quadrats located < 202 cm away from the sinkhole where 

19% of sites containing snails (n = 93). Quadrats ≥ 202 cm from the water (n = 39), 

further split into the second node: depth of standing water. Standing water depths ≥ 12.5 

mm was represented by 13% of the sites with snails (n = 16), whereas depths < 12.5 mm 

contained 74% (n = 23). Hence, quadrats located ≥ 202 cm from water that contain < 12.5 

mm depth of standing water, had the highest probability of containing snails.  

Bitter Creek Restoration 

The surveys conducted along Bitter Creek have also served to monitor the 

response of Pecos assiminea to the removal of common reed. In the first year of the 

removal, 55% of the individuals observed in quadrats were found in the middle section 

with the remainder approximately equally distributed amongst the other two sections 

(Table 1). In contrast, the tiles suggested that there were more snails in the middle and 

southern sections (Table 1). In the second year, only 9 snails were found in quadrats 

along Bitter Creek and the 29 observed on tiles suggested a shift in the distribution 

pattern from the first year with majority of snails in the middle and south sections. Lastly, 

in 2015 the majority of snails were found in the south section in both tiles and quadrats 

suggestive of an increase in snail abundance in the south section over time. 
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Snail response to restoration in each section, using proportion of a survey method 

occupied with a snail, was plotted over time. Simple linear models compared months 

since restoration for both survey methods (Fig. 2.7). Quadrats did not show any 

distinguishable pattern in the north (R2 = 0.04) and middle section (R2 = 0.09), except for 

an increase in the south section (R2 = 0.43, F(2,31) = 7.2, P = 0.01). Tiles exhibited a 

similar pattern, where no patterns were evident in the north (R2 = 0), middle (R2 < 0.01), 

or south section (R2 = 0.22). Furthermore, snail response to restoration in all three Bitter 

Creek sections was plotted over time to monitor the trend of a survey method occupied 

with a snail relative to the restoration timeline (Fig. 2.8). There was no apparent 

relationship between snail abundance and time elapsed from the initiation of restoration 

activities (R2 ≤ 0.20, F(2,31) ≤ 1.23, P ≥ 0.28).  

Survey Methodologies 

While the quadrat method is capable of providing detailed habitat use data, only a 

relatively small number of snails have been found at Bitter Creek (n = 48 snails) and 

Sinkhole 31 (n = 78 snails) using this approach. Wooden tiles seem to provide a more 

effective means of assessing habitat use of the species at Bitter Creek (n = 106 snails) and 

at Sinkhole 31 (n = 298 snails), but do not provide as much habitat information. When 

combining both survey sites, 23% of all tiles contained snails, whereas only 13% of 

quadrats contained snails (Table 2.2). A total of 80% of Pecos assiminea snails 

encountered were located on tiles surveyed (n = 404 snails), but only in 20% of the 

quadrats (n = 101 snails) sampled.  

 
DISCUSSION 
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Pecos assiminea distribution within potentially suitable habitat is determined by 

relatively fine-scale gradients of habitat characteristics near bodies of water at BLNWR. 

Pecos assiminea can live in a broad suite of characteristics as long as they maintain the 

basic requirements needed and results from the classification trees indicated that only a 

few general features relating to moisture and temperature were the primary factors 

determining its presence. However, my results also suggested that the availability and 

quality of suitable Pecos assiminea habitat differed between Bitter Creek and Sinkhole 

31. The presence of Pecos assiminea at Bitter Creek was largely determined by the 

difference in height between the quadrat location and water level, with the species rare or 

absent entirely at heights > 16 cm. This 16-cm threshold likely reflects other physical 

habitat factors such as moisture and temperature, which would decrease and increase, 

respectively, with increasing height above the water of Bitter Creek. Consequently, the 

relatively steep banks of Bitter Creek means that the suitable habitat is limited to 

relatively narrow bands along the creek. 

Furthermore, the availability of suitable habitat along Bitter Creek may also be 

restricted by the predominance of common reed throughout the riparian area. Stands of 

common reed comprised a large portion of the vegetation in the riparian zone. The 

invasion on the riparian zone reduces the streamflow and light availability, and clogs the 

creek with its abundant litter output. The water levels at Bitter Creek are dependent on 

local groundwater flows, precipitation, and water use from miles away (MacRae et al. 

2001). Thus, the creek is more sensitive to invasions and aquifer withdrawals given the 

limited available riparian habitat, the characteristics steep banks in the narrow riparian 

area, and ties to local water alterations, resulting in low number of snails reported.  
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Common reed is notorious for forming a thick layer of litter, particularly in 

locations where it is invasive (Cowie et al. 1992, Mozdzer et al. 2013, Schmidt et al. 

2005). Even though my data suggest that litter height was an important factor in 

determining habitat suitability for Pecos assiminea, the species seemed to tolerate only a 

relatively narrow range of litter heights and was not found in habitats with litter heights 

outside this range. While the factors that might prevent Pecos assiminea from using 

habitat with too little litter are readily apparent, i.e., increased risk of desiccation, 

overheating, and/or predation, it is unclear why Pecos assiminea would avoid a litter bed 

greater than a threshold thickness. I speculate that the influence of litter height on the 

interaction between temperature and soil moisture content may be the reason for its 

importance in determining habitat suitability for Pecos assiminea. A thick litter bed may 

maintain soil moisture levels, but result in suboptimal temperatures specific to their 

habitat requirements. For example, Gonzalez-Alcaraz et al. (2014) observed under 

strands of common reed a high content of leaf litter in the soils and the highest percentage 

of moisture. Furthermore, Ferguson and Berube (2004) found a negative relationship 

between soil invertebrate diversity with increasing litter. In this study, I found a positive 

correlation between litter height and the difference between soil and ambient 

temperatures (r = 0.15, p < 0.01), a negative correlation between soil temperature and 

litter height (r = -0.13, p < 0.02). Thus, it is likely that the Pecos assiminea is 

experiencing the negative effects from the presence of common reed based on its 

excessive litter output.  

The availability and quality of riparian habitat surrounding Sinkhole 31 was very 

different than that of Bitter Creek and these differences seemed to be reflected by a larger 
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population of Pecos assiminea at Sinkhole 31. Presence of Pecos assiminea in quadrats 

was positively related to distance from water and negatively related to depth of standing 

water. Presence was determined by a median distance from a water threshold of < 202 

cm, which likely indicates the optimal combination of moisture and temperature (water 

depth < 13 mm) provided by the habitat at Sinkhole 31. The outer perimeter riparian area 

surrounding the sinkhole was less influenced by changing water levels and generally had 

less standing water. The perimeter also seemed to support higher population densities of 

Pecos assiminea than areas more proximate to the center of the sinkhole. Studies by Sada 

(2008) in thermal springs of the Muddy River, Clark County, Nevada demonstrated that 

the endemic springsnail grated tryonia (Tryonia clathrata) also preferred shallow habitats 

along the margins of a springbrook. Furthermore, the gradual slope of the riparian zone 

surrounding the sinkhole and low relative abundance of invasive vegetation, such as 

common reed, translated to a greater availability of habitat suitable for Pecos assiminea at 

Sinkhole 31 relative to Bitter Creek. Based on my data, native vegetation litter output is 

much lower than that of common reed, and may provide a litter height that ensures 

optimal moisture and temperature levels. The sinkhole is fed by both an underground 

alluvial aquifer and directly from spring heads, therefore anthropogenic interactions do 

not influence the quality of the habitat as strongly as with the creek, possibly allowing for 

the greater occurrence of Pecos assiminea. 

Aside from the clear differences between water bodies at BLNWR in the quality 

and quantity of habitat for Pecos assiminea, it is possible that ongoing restoration efforts 

along Bitter Creek influenced the observed patterns of snail habitat use. The removal of 

common reed was expected to allow native vegetation to re-establish itself along the 
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creek, increasing the amount of available habitat to Pecos assiminea and the other 

resident endangered species. Even though my survey results from the restored sections 

did not suggest any effect on Pecos assiminea habitat use compared to that of pre-

restoration, habitat use patterns may change as the riparian vegetation community 

continues to respond to the removal of common reed. Spring biota can take many years to 

show a response to restoration efforts (Bond and Lake 2003) and my study may have 

been too short-lived to observe any improvements related to restoration. Contrarily, 

Pecos assiminea simply may not respond to the removal of common reed and the habitat 

use pattern increases in the south section may be the beginning of a trend, however, it is 

hard to conclude any patterns given the reduction in sampling from 2013 – 2015. 

Continued monitoring is necessary to determine whether there might be a delayed 

response by Pecos assiminea to common reed removal. Furthermore, incorporating litter 

removal within the restoration process may be very beneficial to the invertebrate 

community found on the ground impacted by invasions of common reed.  

Whether trying to describe habitat use of Pecos assiminea or the response of the 

species to restoration effort, it is critical to have an effective survey methodology. My 

survey design allowed me to assess the relative effectiveness of two common survey 

methods for estimating the presence of Pecos assiminea and other freshwater gastropod 

species. The choice of methodology did not seem to greatly influence detection, but there 

were likely differences in their abilities to estimate population densities. It is unclear at 

the present time if the tiles attract snails. Tiles yielded a greater detection of Pecos 

assiminea at both Bitter Creek and Sinkhole 31 relative to quadrats. Tiles seemed to 

provide a more effective means of assessing presence but do not deliver as much habitat 
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information as quadrats. Tiles require less time and effort, but the influence tiles may 

have on snail behavior, such as attraction, is unknown, therefore skewing potential 

abundance estimates. Quadrats, however, are able to provide more information on the 

characteristics of Pecos assiminea habitat, but this approach is time-consuming and yields 

a smaller number of snails than tiles. I assumed the use of quadrats would result in a large 

number of false negatives but this is likely not true based on the results from Chapter 1. 

Quadrats were comparable to tiles in detection of Pecos assiminea. However, neither 

method was sufficient alone for estimating abundance without incorporating detection, 

since quadrats yielded lower counts and tiles may alter snail behavior. Macanowicz et al. 

(2013) found that freshwater gastropods were absent or not commonly found in many of 

their survey methods, hence, multiple trapping methods should be combined to obtain a 

better representation. In future surveying efforts, a cost benefit analysis on time and effort 

afforded to surveying can suggest the best methods to use depending upon the goals of 

the survey. Nonetheless, even these measurements are at a relatively coarse scale for an 

animal as small as Pecos assiminea and additional factors operating at finer scales also 

may be influencing its distribution and abundance. Thus, there is a call for the inclusion 

of more advanced survey methodologies and statistical techniques, such as occupancy 

modeling, or even the development of a new survey method, to better estimate 

abundance. 

The limited range and distribution of Pecos assiminea necessitate efforts 

promoting habitat conservation of known locales their population occurs, such as the 

efforts that have occurred at Bitter Creek at BLNWR. As it has been illustrated, the 

integrity of Bitter Creek, one of the few known locations of Pecos assiminea, is 
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susceptible to threats such as aquifer withdrawals and agricultural diversions for 

irrigation. The increasing use of water withdrawals imperil rare North American spring 

habitats and the numerous endemic freshwater gastropods dependent upon them (Lysne 

et al. 2008, Strong et al. 2008), particularly in the isolated desert spring systems that host 

distinct communities (Sei et al. 2009). Other gastropods, such as springsnails, are known 

to be restricted to portions of a spring that provide suitable physicochemical conditions, 

and that each springsnail taxon may exhibit specific habitat requirements, but to what 

extent is unknown (Martinez and Rogowski 2006, Sada 2008). Although Pecos assiminea 

is semi-aquatic, both aquatic and semi-aquatic species are undergoing specialization due 

to the pressures of endemism, which may be due, at least in part, to narrow physiological 

specialization to these habitats (Hershler, Liu, and Howard 2014). Physiological 

tolerances are yet to be analyzed for this species and many other gastropods. In fact, 

knowledge of distribution, habitat use, niche space, diet, etc. to aid in conservation efforts 

of Pecos assiminea is completely lacking.  

Managers rely on past literature and research to inform conservation decisions, 

but this lack of knowledge presents a problem. The only available literature for 

Assimineidae are specific to the coastal and tropical ancestors, in which management 

suggestions are inapplicable. Hence, ensuring Pecos assiminea conservation is a 

challenge without the presence of clear, relevant information. Nonetheless, external 

threats of habitat loss and degradation to freshwater gastropods are still a prevalent 

concern. Research attention is often focused on other taxonomic groups beyond 

gastropods. For instance, a Boolean search through Web of ScienceTM of peer reviewed 

articles on different taxa demonstrated the limits in the amount of research effort, or least 
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availability, expended on freshwater species, and especially freshwater gastropods 

(conducted Jan 7, 2016). The search terms “conservation fish” resulted in 241,937 

articles, “conservation mussels” had 7,797 articles, “conservation snail” had 5,238 

articles, “conservation freshwater fish” had 55,721 articles, “conservation freshwater 

mussels” had 1,730 articles, and “conservation freshwater snail” returned only 531 

articles. Although the results are not direct evidence of nation-wide conservation efforts 

expended upon the taxonomic groups, they likely give insight on the proportional amount 

of current research attention each is receiving.  

More research is urgently needed to understand freshwater gastropods, especially 

in the face of threats to their local and specialized habitats. Incorporating my findings 

should improve monitoring efforts and will aid in the development of restoration and 

conservation plans for other similar species. Conservation of imperiled North American 

freshwater gastropods cannot be aided without first developing proper survey methods 

and understanding their habitat use. Once a standardized survey method is established, 

managers will have a means of determining the survey’s effectiveness by comparing 

abundance estimates using the tools provided in this thesis. The high rate North American 

freshwater gastropod extinction can be mitigated with the development of thorough 

baseline data and improvements in research.  
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Figure 2.1 Photographs of Pecos assiminea (Assiminea pecos) taken in the field at Bitter 
Lake National Wildlife Refuge, position indicated by a teasing needle. The teasing needle 
is 1.2 mm wide. 
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Figure 2.2 (A) Known counties containing Pecos assiminea, including Reeves and Pecos 
Counties, Texas, and Chaves County, New Mexico, in which Bitter Lake National 

Wildlife Refuge (BLNWR) and main survey sites, (B) Bitter Creek and Sinkhole 31, are 
located. A restoration project involving removal of common reed (Phragmites australis) 
occurred at Bitter Creek in 2013 in the south section, 2014 in the middle section, and 

2015 in the north section. 
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Figure 2.3 (A) Quadrats are 9 x 20 cm 3-sided metal frames, considered an active survey 

method; (B) tiles are 12 x 12 x 1 cm made from weathered pine and are considered a 
passive survey method. 
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Figure 2.4 Study design illustration exhibiting the 67% probability of a survey method 
(quadrat or tile) placed perpendicularly within the first 50 cm of creek and a 33% 
probability within the second 50 cm of creek. 
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Table 2.1 Survey results at Bitter Creek summarizing the number of Pecos assiminea observed, the number of quadrats or tiles 
surveyed (samples), and their relative proportions of snails among each section of the creek for each year and overall. Nine 

surveys were conducted in 2013, two surveys in 2014, and two surveys in 2015. 

  
Quadrats 

 
Tiles 

    
North Middle South Total  North Middle South Total 

2013 Snails Observed 4 11 5 20  0 31 46 77 

 Proportion 0.20 0.55 0.25 1.00  0.00 0.40 0.60 1.00 

 Number of Samples 63 119 71 253  75 141 91 307 

      
 

    

2014 Snails Observed 0 4 5 9  0 14 15 29 

 Proportion 0.00 0.44 0.56 1.00  0.00 0.48 0.52 1.00 

 Number of Samples 18 34 20 72  22 42 25 89 

      
 

    

2015 Snails Observed 0 1 12 13  0 10 45 55 

 Proportion 0.00 0.08 0.92 1.00  0.00 0.18 0.82 1.00 

 Number of Samples 18 34 20 72  22 42 26 90 

      
 

    

Total Total observed 4 16 22 42  0 55 106 161 

  Proportion 0.10 0.38 0.52 1.00  0.00 0.34 0.66 1.00 
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Table 2.2 Comparison of two survey methodologies: tiles and quadrats, at Bitter Creek summarizing the number of quadrats or 
tiles (samples) observed with Pecos assiminea, total count of each sample, and percent of samples occupied with snails. Nine 
surveys were conducted in 2013, two surveys were conducted in 2014, and two surveys were conducted in 2015. 

  Bitter Creek Sinkhole 31 

  Tiles Quadrats Tiles Quadrats 

2013 Snail Presence 36 17 58 26 

Number of Samples 306 253 112 84 

Percent Occupied 12% 7% 52% 31% 

     

2014 Snail Presence 15 7 16 6 

Number of Samples 90 72 32 24 

Percent Occupied 17% 10% 50% 25% 

     

2015 Snail Presence 14 6 8 5 

 Number of Samples 90 72 32 24 

 Percent Occupied 16% 8% 25% 21% 

      

Total Snail Presence 65 30 82 37 

Number of Samples 486 397 176 132 

Percent Occupied 13% 8% 47% 28% 
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Figure 2.5 Classification tree displaying the highest ranking habitat characteristics of 25 different attributes in relation to presence of 

Pecos assiminea as measured from quadrats deployed at Bitter Creek from 2013-2015. Values at each terminal node indicate the 
number of presences (right) and absences (left) used to create observation probabilities based on past observations. There was a total 

of 30 presences and 362 absences. The total root node error = 0.077 and the misclassification rate = 6.4%
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Figure 2.6 Classification tree displaying the highest ranking habitat characteristics of 22 

different attributes in relation to presence of Pecos assiminea as measured from quadrats 
deployed at Sinkhole 31 from 2013-2015. Values at each terminal node indicate the 

number of presences (right) and absences (left) used to create observation probabilities 
based on past observations. There was a total of 37 presences and 95 absences. The total 
root node error = 0.28 the misclassification rate = 19.7%. 
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Figure 2.7 Simple linear regressions exhibiting the relationship between the proportion 

of, (A) quadrats or (B) tiles, occupied with snails and months since restoration for each 

section of Bitter Creek. Blue dots represent the south section, red dots represent the 

middle section, and black dots represent the north section, along with their corresponding 

regression lines. 
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Figure 2.8 Simple linear regressions exhibiting the relationship of the proportion of (A) 

quadrats, and (B) tiles, occupied with snails over time for each section of Bitter Creek. 

Restoration occurred in the south section in February 2013, in the middle section January 

2014, and in the north section January 2015. Blue dots represent the south section, red 

dots represent the middle section, and black dots represent the north section, along with 

their corresponding regression lines.  
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APPENDIX A 

Figure 2.9 Bitter Creek temperature profile consisting of the average, minimum, and maximum daily ground temperatures 

(°C) using iButtons (n = 15; Maxim Integrated, San Jose, California) from 3 February 2013 to 29 April 2014 at Bitter Lake 

National Wildlife Refuge.  
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APPENDIX B 

Figure 2.10 Sinkhole 31 temperature profile consisting of the average, minimum, and maximum daily ground temperatures 

(°C) at using iButtons (n = 3; Maxim Integrated, San Jose, California) from 2 February 2013 to 17 December 2014 at Bitter 

Lake National Wildlife Refuge. 
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