
 BioInvasions Records (2020) Volume 9, Issue 1: 109–119

 

Levri et al. (2020), BioInvasions Records 9(1): 109–119, https://doi.org/10.3391/bir.2020.9.1.15 109 

 CORRECTED  PROOF  

 
 

Research Article  

The invasive New Zealand mud snail Potamopyrgus antipodarum (J.E. Gray, 1843) 
in central Pennsylvania 

Edward P. Levri1,*, Nicholas Macelko2, Bryce Brindle1, James E. Levri1, Timothy J. Dolney1 and Xiaosong Li1 
1Division of Mathematics and Natural Sciences, Penn State – Altoona, 3000 Ivyside Park, Altoona, PA 16601, USA 
2Department of Energy and Mineral Engineering, Penn State University, University Park, PA 16802, USA 
Author e-mails: epl1@psu.edu (EPL), nmacelko2@gmail.com (NM), bdb5175@gmail.com (BB), jel67@psu.edu (JEL), tjd15@psu.edu (TJD), 
xul33@psu.edu (XL) 

*Corresponding author 

   
 

Abstract 

The highly invasive New Zealand mud snail (Potamopyrgus antipodarum) has 
established a relatively recent population in central Pennsylvania. The purposes of 
the work described here were to determine the extent of the invasion, the rate of 
spread, and the relationship between the abundance of the snail and calcium ion 
concentration, pH, and conductivity. In two independent sampling efforts, we sampled 
Spring Creek in Centre County, Pennsylvania, at various times from 2014 to 2018. 
We also sampled tributaries of the stream as well as the larger watershed of Bald 
Eagle Creek. In addition, we established sites to monitor other streams that are likely 
to be frequented by recreational water users (a known snail dispersal agent). We 
found that compared to the geographic distribution in 2014, the snail increased its 
geographic range, and snail abundance increased at most locations. We also found 
evidence of expansion out of the Spring Creek watershed into the larger Bald Eagle 
Creek watershed at two locations in 2018. Snail abundance was positively related to 
pH and conductivity in 2017. We recommend that streams in central Pennsylvania 
be routinely monitored for the presence of this species, especially those regularly 
visited by recreational water users and that have chemical characteristics favorable 
to the NZMS. 
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Introduction 

The New Zealand mudsnail (NZMS), Potampyrgus antipodarum (J.E. Gray, 
1843), is a world-wide invader in freshwater and brackish water habitats 
(Ponder 1988; Alonso and Castro-Diez 2008). It has established populations 
in Australia (Ponder 1988), Europe (Ponder 1988), Asia (Shamida and 
Urabe 2003; Son 2008; Naser and Son 2009), North America (Bowler 1991; 
Zaranko et al. 1997), and South America (Collado 2014). In its native range 
in New Zealand, the species is composed of mixed populations of sexual 
and asexual individuals (Winterbourn 1970; Lively 1987), but in its 
invaded range, the species appears to be entirely asexual, composed of 
parthenogetically reproducing clones (Alonso and Castro-Diez 2008). In 
North America, at least three different clonal genotypes have been 
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identified (Proctor et al. 2007). The most widespread clone, US1, is 
distributed throughout much of the western United States and southwestern 
Canada (Proctor et al. 2007; Finger et al. unpublished data) and has been 
recently found east of the Mississippi River in multiple locations (Finger et 
al. unpublished data). The US2 clone appears to be confined to the 
Laurentian Great Lakes where it has been found in all but Lake Huron 
(Zaranko et al. 1997; Levri et al. 2007, 2008, 2013) and in a few streams that 
empty into the Great Lakes (Levri and Jacoby 2008; Levri et al. 2012). The 
US3 clone is found in only one location in the Snake River in Idaho near 
where the US1 clone was first discovered in the 1980’s (Proctor et al. 2007). 

The NZMS, in its introduced range, can be found in a wide variety of 
aquatic habitats including lakes, streams, and estuaries (Proctor et al. 2007; 
Alonso and Castro-Diez 2008). In some invaded locations the densities of 
the snail exceed 500,000 m-2 (Ribi and Arter 1986; Hall et al. 2006). The 
invasion success of the species has been attributed to multiple characteristics 
including parthenogenetic reproduction (Zaranko et al. 1997; Alonso and 
Castro-Diez 2008), high population growth rates (Hall et al. 2006; Riley et 
al. 2008; Tibbets et al. 2010), escape from natural enemies (Alonso and 
Castro-Diez 2008; Adema et al. 2009), behavioral traits (Levri and Clark 
2015; Levri et al. 2017), and tolerance to a wide range of physical and 
chemical conditions (Zaranko et al. 1997; Alonso and Castro-Diez 2008; 
Drown et al. 2011; Levri et al. 2014). 

Water chemistry can be very important in determining the distribution 
of freshwater mollusks (Dillon 2000). Studies of NZMS populations and 
other gastropods have found, in both the lab and the field, that low 
conductivity (Herbst et al. 2008), low pH (Okland 1992), and low calcium 
concentrations (Herbst et al. 2008; Vazquez et al. 2016) in the water may 
limit growth, reproduction, and/or survival. 

In 2013, a population of the NZMS was discovered in Centre County, 
Pennsylvania in Spring Creek, a popular trout fishing destination. The 
population of NZMS in Spring Creek has been identified as the US1 
genotype (Finger et al. unpublished data). This is not particularly surprising 
as that clone has rapidly spread throughout the western US by recreational 
water users such as fishermen (Proctor et al. 2007). 

The goals of the present study were to determine: 1. the geographic 
distribution of the snail in central Pennsylvania, 2. the rate of spread, and 
3. whether water chemistry parameters (e.g. pH, conductivity, and calcium) 
were correlated with snail abundance. 

Materials and methods 

The presence/absence data presented here come from two independent 
data sets. The first covers surveys of the Spring Creek and the larger Bald 
Eagle Creek watersheds as well as other watersheds in central Pennsylvania 
from 2014 to 2018. The second data set adds presence/absence data from 
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Figure 1. The sites sampled for the presence of the New Zealand mud snail in Centre and Clinton Counties, Pennsylvania from 
2014–2018. Red circles indicate the presence of NZMS and open circles indicate that the NZMS was not found. The black star 
indicates the location where the NZMS was originally found in Spring Creek in 2013, and it remains abundant there. 

other locations independently sampled in Spring Creek and tributaries 
from 2016 and 2017. Methods were different for the two data sets because 
two of the authors were working independently at the time and later 
decided to combine their data into one paper. 

Data set A: New Zealand mud snail abundance and water chemistry 
survey 2014–2018 

Surveys of Bald Eagle Creek and Spring Creek began in the summer of 
2014 (Figure 1; Table 1). At each site, we assessed NZMS presence visually 
for a total of 20 minutes (one person for 20 minutes or two people for 10 
minutes each). If the NZMS was not discovered during that time frame, we 
indicated the absence of mud snails, even though low densities could have 
made detection difficult. The survey was repeated and expanded in the 
summers of 2015, 2016, and 2017 by increasing the number of sites, 
making efforts to estimate abundance, and measuring water chemistry 
characteristics. From 2015 to 2017, we estimated snail abundance as snails 
found per minute over a ten-minute period or the amount of time to find 
100 snails resulting in a relative abundance measure of the number of snails 
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Table 1. The resulting models of two multiple linear regression analyses using backwards 
elimination from 2017 comparing the New Zealand mud snail abundance measurement to pH, 
Conductivity, and Calcium ion concentration. A represents the procedure performed only with 
main effects, and B shows the results from the analysis beginning with all interaction terms. 

A Estimate () Std. Error t value P 
Intercept −3267.34 1091.29 −2.994 0.009 
[Ca++] −0.020 0.64 −0.031 0.97 
pH 129.516 63.14 2.051 0.057 
conductivity 7.662 3.10 2.474 0.025 

 
B Estimate () Std. Error t value P 
Intercept 159971 35819 4.466 < 0.001 
[Ca++] −59.52 19.15 −3.108 0.008 
pH −19744 4359.6 −4.529 < 0.001 
conductivity −527.5 117.4 −4.494 < 0.001 
[Ca++] x pH 7.049 2.30 3.060 0.009 
pH x conductivity 65.22 14.30 4.560 < 0.001 

found per minute. Traditional density measurements were difficult due to 
snail distributions across multiple, sometimes three-dimensional, habitat 
types (e.g. silt, mud, cobble, vegetation, large woody debris). Only two of 
the authors were involved in estimating abundance in 2015, and only the 
primary author estimated abundance in the other years of the study. In 2015, 
the two investigators estimating abundance counted snails independently 
at the same site on three occasions and compared abundance estimates. In 
all cases, the numbers were very similar. This type of abundance estimate is 
highly investigator-dependent. Familiarity with the species and the locations 
can influence the abundance measure. Thus, the data in this study are only 
comparable to data collected by these investigators. This technique is not 
meant to be used to compare the relative abundances here to other locations 
estimated by different investigators. A total of 43 sites were sampled across 
all years of the study. Bald Eagle Creek lies in a narrow valley dominated by 
agriculture and a few small communities with heavily wooded ridges along 
both sides and drains an area of 686 square kilometers (USGS 2019). Spring 
Creek, a tributary of Bald Eagle Creek, winds through mostly agricultural 
areas and also through residential areas including the town of Bellefonte, 
PA and through the larger State College, PA. It drains an area of 152 square 
kilometers (USGS 2019). In between, Bellefonte and State College, Spring 
Creek is often referred to as “Fisherman’s Paradise” due to the high-quality 
trout fishing in this stretch. 

From June to July of 2016 and June to July of 2017, we measured the 
calcium ion concentration, pH, and conductivity at each site in Spring 
Creek and Bald Eagle Creek. The measurements were taken using Vernier 
calcium ion probe (CA-BTA), Vernier pH sensor (pH-BTA), and Vernier 
conductivity probe (CON-BTA). The pH probe was calibrated each day 
before sampling, and the conductivity probe was recalibrated prior to 
taking each sample. One measurement was taken from each site. 

In the summers of 2014, 2015, 2016, and 2017 and the spring and fall of 
2018, we conducted additional surveys to determine if the snail had dispersed 
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Figure 2. The sites sampled for the presence of the New Zealand mud snail in Central Pennsylvania from 2014-2018 showing sites 
outside of the Spring Creek watershed. Red circles indicate the presence of NZMS and open circles indicate that the NZMS was not found. 

by examining sites outside of the Spring Creek watershed (Figure 2). We 
chose most of the locations in Centre County and surrounding counties 
that were popular with fisherman or where fish were stocked. The same 
procedure was utilized to determine presence and abundance of NZMS. 
We also determined the calcium ion concentration, pH and conductivity at 
each site in the summer of 2016. 

Data set B: New Zealand mud snail presence/absence survey 2016–2017 

In December of 2016 and throughout the year of 2017 visual surveys were 
made at 49 sites (Table S2) in and around Spring Creek in Centre County, 
Pennsylvania. Each site was examined for at least 15 minutes using hand 
sampling, and the presence of the NZMS was determined. 

Statistics 

We used multiple linear regression with backwards elimination procedures 
to predict the relative abundances of the NZMS based on the pH, 
conductivity, and calcium ion concentration data collected from each site 
where NZMS were found in 2017. Prior to performing the analysis, we 
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checked for collinearity within the independent variables. After the 
regression analysis, the assumptions that residuals are independent and 
identically distributed and that the residuals follow a normal distribution 
were checked using different residual plots, and no evidence of violations 
of either of these assumptions were found. We only performed the statistical 
analysis for data from 2017, since equipment malfunctions in 2016 resulted 
in a small number of usable data points (see Table S3). In 2017, we had 20 
sites that were used in the analysis. The analysis was performed in two 
ways. First, we utilized the procedure using only main effects to determine 
how each chemical variable was related linearly to relative abundance. 
Second, we ran the analysis using all interaction terms to determine if 
interactions between the chemical variables further explained the variance 
in the data. We used R Version 3.2.3 and 3.4.0 (R Development Core Team 
2015 and 2017 respectively) for all statistical analyses. 

Results 

The NZMS occurred throughout much of the Spring Creek watershed 
during the four years of sampling between 2014 and 2017 including Buffalo 
Run, Logan Branch, Slab Cabin Run, and Thompson Run (Figure 1). NZMS 
were not found in Cedar Run (Figure 1; Tables S1 and S2). We also found 
no evidence of the snail in Bald Eagle Creek, the river which Spring Creek 
flows into, despite the fact that the snail was found in Spring Creek very 
close to the point where Spring Creek flows into Bald Eagle Creek in each 
year of the study (Figure 1; Tables S2 and S3). 

Based on data set A for Spring Creek, the NZMS occurred at more sites 
in 2017 (20) compared to 2014 (17) (Figure 1; Table S3). NZMS abundance 
increased at 17 of 20 sites where NZMS were at least present in 2016. 
Similarly, 12 of 20 sites showed increases between 2016 and 2017, and 17 of 
20 showed increases between 2015–2017 (Table S3). Many of the sites 
showed substantial increases in abundances of over more than an order of 
magnitude during the two-year time frame (Table S3; e.g. SC 09, SC 11, SC 
14, SR 01, and SR 02). 

Samples taken in 2018 revealed the presence of the NZMS in two 
locations outside of Spring Creek in Bald Eagle Creek (Figure 2; Table S3). 
In both cases only one NZMS was found following at least 20 minutes of 
searching suggesting relatively low densities. We found no evidence of the 
NZMS outside of the Bald Eagle Creek watershed (Table S4; Figure 2). 

In 2017, there were significant positive effects of pH and conductivity on 
relative NZMS abundance (Table 1A). The final model using only main 
effects had a resulting R2 of 0.31. We also found significant interaction 
effects between calcium concentration and pH as well as pH and 
conductivity (Table 1B). The final model using the interaction terms had a 
resulting R2 of 0.66. 
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Discussion 

Potamopyrgus antipodarum was found throughout much of the Spring 
Creek watershed and at varying abundances. Assuming that the snail was 
introduced close to the original location where it was first found in 2013 
(site SC 01, see Table S1 and Figure 1), the snail appears to have spread 
both upstream and down including into the tributaries of Buffalo Run, 
Logan Branch, Slab Cabin Run, and Thompson Run. The habitats within 
the creek where the snail was found varied from site to site. In some 
locations, the snail was very abundant in rocky habitats, while in others it 
was most abundant in muddy or silty habitats. The snail was also found in 
high abundance on macrophytes or on woody debris. Similar to other 
studies, anecdotally, we noted that abundance decreases in high flow areas 
(Holomuzki and Biggs 2007), thus abundances tended to be higher in 
slower reaches of the stream and closer to the bank. 

Ideally, we would have measured actual densities of the snails at each 
location. However, we found that it was extremely difficult to estimate 
densities in three dimensional habitats, especially woody debris. The 
woody debris did not allow for use of a Hess sampler or other usual 
methods. The use of the abundance measure by counting the number of 
snails found during a time period should reflect density. However, this 
study is limited in that we can only state that the snail is present or not 
found and whether the numbers appear to be increasing or decreasing 
from one time period to the next at a particular location. 

We only found the NZMS at two locations outside of the Spring Creek 
watershed. Since Spring Creek is a popular fishing location and the snail is 
thought to be rapidly spread by recreational water users (Proctor et al. 
2007), we expected to find the snail in other watersheds in central PA. Our 
detection of the snail at only two sites outside of the Spring Creek 
watershed could be due to failure of dispersal to new locations. It could also 
be caused by unsuccessful establishment due to conditions in other water 
bodies not being suitable physically, chemically, or biologically for the 
NZMS. It is also possible that our surveys were not extensive enough to 
detect them at other locations. It may take years for a population that is 
initially founded to be at densities high enough to detect by visual and net 
sampling. Use of other methods of detection such as eDNA may allow for 
earlier and more effective detection. 

The presence of the NZMS in Bald Eagle Creek provides further evidence 
of the snail’s range expansion. The fact that only one individual was found 
at each of the two locations in Bald Eagle Creek suggests that the 
population densities are low in the river. The snail may have reached these 
locations via natural dispersal through crawling, drifting on vegetation, 
dispersal via animal vectors, or floating (Levri et al. 2019). It also may have 
been introduced to these two locations in Bald Eagle Creek by human 
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vectors. Given that Spring Creek flows into Bald Eagle Creek and that the 
NZMS was detected at the mouth of Spring Creek in 2014, it was 
surprising that we did not detect the presence of NZMS in Bald Eagle 
Creek until 2018. Our inability to detect the snail until 2018 could be due 
to small population densities in Bald Eagle Creek. It could also be due to 
possible physical or chemical differences in the habitats between the two 
water bodies as low conductivity and calcium ion concentrations are known 
to limit NZMS (Herbst et al. 2008; Vazquez et al. 2016). However, the 
chemical conditions (conductivity, pH, and calcium ion concentration) of 
Bald Eagle Creek were all well within the range of values found in Spring 
Creek. It is also possible that some biotic interactions found in Bald Eagle 
Creek not found in Spring Creek (such as possible different competitors, 
predators, or parasites) could be responsible (Cada 2004). Regardless, we 
recommend that presence and abundance monitoring of this area continue 
to detect future changes early. 

In 2017, we found significant positive effects of increasing conductivity 
and pH, as well as some interaction terms, on relative abundance of the 
NZMS. While, the main effect of calcium concentration was not found to 
be significant when only main effects were included in the model, calcium 
concentration was found to be statistically significant as a main effect when 
interaction terms were included in the model (Table 1A and B). This suggests 
a non-linear relationship between calcium concentration and abundance in 
this data, so calcium concentration does not appear to be linearly related to 
relative abundance in this study. 

Others have found positive correlations with the chemical variables used 
in this study with the success of NZMS. This relationship is expected as 
mollusks utilize several dissolved ions in shell formation and other 
physiological processes. Herbst et al. (2008) found that NZMS appear to 
require conductivities of greater than 200 S/cm2 for growth. This value 
was exceeded throughout the Spring Creek and Bald Eagle Creek 
watersheds (Table S3). pH is important because most gastropod species do 
poorly in acidic waters (Okland 1980, 1992). The lack of a significant linear 
effect of calcium concentration was somewhat surprising as Vazquez et al. 
(2016) suggested that waters with calcium ion concentrations above 5 mg/L 
are necessary for the reproduction of NZMS and larger populations were 
found in areas with at least 10 mg/L Ca2+. All of the sites in Spring Creek 
and Bald Eagle Creek exceeded this minimum concentration. It is possible 
that the relationship between calcium concentration and abundance is a 
threshold function where once a minimum value of calcium is reached any 
density of NZMS could be supported. Such a relationship would explain 
our lack of finding a significant positive linear relationship between 
relative abundance and calcium concentration in this study. 

There are many reasons why it should be difficult to find statistically 
significant relationships between our relative abundance measure and these 
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chemical characteristics. First, it is possible that the abundance measure we 
used was a poor predictor of density and/or the values for the chemical 
variables from the single day’s measurements were poor predictors of the 
overall average values over the course of the year. Second, the population 
sizes of the snails at each of the sites may have not reached equilibrium and 
thus may not be at the abundance that the chemical characteristics will 
eventually allow. This is likely, as the data presented here show that the 
population sizes of the NZMS at most sites in Spring Creek are still 
increasing (Table S3). Third, it could also be that the sample size of the 
number of sites was too low to detect a significant relationship. We only 
used sites where the NZMS was found. This greatly reduced the number of 
sites included in the analysis, but we did not want to include sites that did 
not have NZMS because we did not know if the snail was not present due 
to the chemical conditions or due to not being introduced to the location. 
Finally, since all of the sites were within the Spring Creek watershed, there 
was limited variation in calcium ion concentration, pH, and conductivity; 
much less than we found between watersheds (Table S4). 

It is possible that the calcium ion concentration, conductivity, and/or 
pH are all above a necessary threshold value in Spring Creek and, that 
above this threshold, other factors than these chemical variables are more 
important in determining abundance. Data collected by the USGS from 
Spring Creek and its tributaries over the past 20 years show similar values 
for conductivity, pH, and Ca2+ concentration (USGS 2019). However, as 
would be expected, there was some variation over time from the USGS data 
within sites for all of these variables. This variation could limit this study’s 
ability to find correlations if slight differences in these variables could 
influence abundance. Given these potential issues, the fact that we did find 
significant effects of pH and conductivity on abundance in 2017 suggests 
that a real relationship exists. 

We found substantial variation in the chemical characteristics between 
watersheds (Tables S3 and S4). The values of pH, conductivity, and calcium 
ion concentration at some of the other locations would seem likely to 
inhibit the growth of NZMS. However, some locations did have chemical 
characteristics similar to Spring Creek (e.g. Little Juniata River), and, 
coupled with the fact that they are also popular fishing locations, would 
seem to be likely locations of new introductions. We recommend that these 
locations be monitored routinely for the presence of NZMS. The locations 
that would appear most likely for colonization in our study area based on 
similar chemical characteristics and frequency of recreational use would be 
the Little Juniata River, the Frankstown Branch of the Juniata River, 
Trough Creek, and Canoe Creek. 

The NZMS has firmly established itself in the Spring Creek watershed of 
central Pennsylvania and appears to have expanded into the larger Bald 
Eagle Creek watershed. The fact that Spring Creek is very popular with 
fishermen, makes it likely that it could serve as a focal point for dispersal of 
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the snail to other watersheds in the mid-Atlantic region. This may have 
already occurred as the species has recently been discovered in the 
Gunpowder River in Maryland, about 163 km from the nearest site in 
Spring Creek with NZMS (USGS 2018), the Little Lehigh Creek near 
Allentown, PA (194 km from Spring Creek) (USGS 2018) and the 
Musconetcong River in New Jersey (220 km from Spring Creek) (USGS 
2018). Spring Creek is the nearest site to these new locations with an 
established NZMS population. We recommend that rivers and streams 
throughout the mid-Atlantic region be routinely monitored for the presence 
of this invader, especially those popular with fisherman and possessing the 
threshold chemical characteristics that may allow for establishment. 
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