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ABSTRACT  

The European green crab (Carcinus maenas) is a small shore crab native to the 

Northeastern Atlantic, but successful as an invasive species around the world, including along 

the Northwest Atlantic coast. In its Northwest Atlantic population, C. maenas is currently present 

as far south as the mouth of the Chesapeake Bay, an important and vulnerable estuarine system.  

This study examines the biotic interactions and abiotic constraints that play a role in limiting C. 

maenas’ present range, to better understand the potential for its future invasion of the 

Chesapeake Bay under climate change conditions. Using an interdisciplinary approach to 

understanding this crab’s role and complex interactions as an invasive species allows a more 

holistic projection for its future on Northwestern Atlantic shores. Ultimately, C. maenas is 

unlikely to successfully establish a population within the Chesapeake Bay, particularly in the 

context of climate change, especially if proactive and preventative management practices are 

employed.  

  
Keywords: Carcinus maenas (European green crab), Chesapeake Bay, climate change, invasion 
ecology, invasive species management,   
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INTRODUCTION  

  Invasive species, including the European green crab, pose a threat to ecosystems around 

the world, a condition that will worsen with the progression of global climate change. The term 

invasive species is used to describe non-native organisms whose introduction harms, or has the 

potential to harm, the environment, economy, or human health in the ecosystem where it is 

introduced (Beck et al., 2008). Climate change can facilitate or accelerate the spread and 

establishment of invasive species but is not always a factor considered when assessing the future 

of invasives (Pyke et al., 2008). However, it is important to do so, as our changing climate is 

creating an opportunity for many species to experience a shifting range based on the abiotic 

parameters that limit them. Invasive species are, by their nature, particularly successful at 

adapting to new and changing environmental conditions, including changes in temperature. Their 

adaptive qualities make invasive species well equipped to continue expanding their established 

ranges with the help of climate change and further their invasion.  

One such invasive species is Carcinus maenas, more commonly known as the European 

green crab. C. maenas is very adaptable to new environmental conditions, including tolerance of 

a wide temperature range and frequent air exposure, which makes it a highly successful invasive 

species (Roman & Palumbi, 2004). Although its native range is along European shores, C. 

maenas has spread throughout the world over the past two centuries and now has established 

populations in North America, Africa, and Australia (Figure 1). The species has also been 

collected and identified on every continent except Antarctica (Carlton & Cohen, 2003). In its 

native range, C. maenas is one of the most common intertidal species in Europe and holds value 

from its commercial fishery and roles within the local ecosystems (Roman & Palumbi, 2004).  

However, in areas where it has invaded, likely by ballast water transport of larvae, C. maenas is   
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Figure 1. Established ranges (black), potential ranges based on water temperature parameters 
(grey), and one-time collections (black points) for C. maenas (Carlton & Cohen, 2003).    
  
an aggressive predator and scavenger (Macdonald et al., 2007), further traits which have 

supported its invasive success and continued spread.  

The Chesapeake Bay, known for being the largest estuary in the United States, could be 

the next site of C. maenas invasion. Estuaries in general are vulnerable ecosystems that 

experience the brunt of harmful land-based human activities, including climate change (Najjar et 

al., 2010). Invasive species are already a major issue in the Chesapeake, where species such as 

phragmites (Phragmites australis), zebra mussels (Dreissena polymorpha), and northern 

snakehead (Channa argus) are increasingly common. We must ask, will C. maenas be next?   

The idea of C. maenas entering the Chesapeake is worrisome, as they have the potential 

to devastate the area’s local ecosystems. The Chesapeake Bay is home to an abundance of 

biodiversity and has habitats ranging from salt marshes to seagrass beds, to oyster reefs. All these 

habitat types, which occur within the currently invaded C. maenas range, have been affected by 

their presence, implying that these habitats would be similarly affected in the  

Chesapeake. Typical of an invasive species, most of C. maenas’ activity has negative impacts on  
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the invaded habitats such as the destruction of bivalve communities (Pickering et al., 2017) and 

seagrass beds (Matheson et al., 2016) experienced in the Northwest Atlantic range. Invasion is a 

threat to the recovering eastern oyster (Crassostrea virginica) population in the Chesapeake, as it 

is a key species to the overall health of the Bay’s ecosystem and the local economy (Coen et al., 

2007), but is a popular prey item for large C. maenas individuals.  

However, there is potential for beneficial ecosystem services from C. maenas in some marsh 

communities where they control populations of a native crab species (Bertness & Coverdale,  

2013), which complicates the role of its presence in invaded areas.    

Another issue with the invasive populations of C. maenas is that, as a non-native species, 

there is often a lack of trophic population control. There are very few species in the Chesapeake 

region that will consume adult C. maenas, the most notable of which is the blue crab (Callinectes 

sapidus). The native C. sapidus may already play a role in limiting southward expansion of C. 

maenas’ Northwestern Atlantic population (deRivera et al., 2005). However, young C. maenas’ 

greatest predators are adults of their own species (Moksnes, 2004). Due to the importance that 

cannibalism by large C. maenas individuals has in controlling the population of smaller 

individuals (Moksnes, 2004), commercializing the capture of this species is unlikely to be 

effective if large individuals were targeted, thus removing an important population control factor. 

Even if capture were effective, commercialization is unlikely to be successful in the Northwest 

Atlantic region (Young & Elliott, 2020), partially due to a lack of demand given the preference 

for the larger C. sapidus. Meanwhile, the native populations in Europe are successfully 

commercialized and in demand to the point that the population has experienced decline leading to 

conservation efforts (Young & Elliott, 2020).   

In their native range and invasive ranges, temperature tolerance is one of the few factors 

to slow dispersal and population growth of C. maenas. Research has shown that their spread may 
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be limited by the thermotolerance of adult crabs and the water temperatures required for 

successful reproduction (Carlton & Cohen, 2003; Compton et al., 2010), since larval C. maenas 

need warm, but not too hot, temperatures for best development (deRivera et al., 2007). However, 

this limitation for invasion may not be as relevant given that C. maenas has been found to be 

tolerant of a wider spectrum of conditions in non-native ranges compared to its native range 

(Compton et al., 2010). Despite this, when combined with water temperature warming 

projections for the Chesapeake Bay, which may increase by as much as 2-5 ºC by the end of the 

century (Najjar et al., 2010), the likelihood of successful invasion by C. maenas is still uncertain.   

Currently, the Chesapeake Bay sits at the southernmost extent of C. maenas’ range 

(Compton et al., 2010). However, with the forecasted changes in climate, that range could shift in 

the near future, which raises the question, is there potential for Carcinus maenas invasion in the 

Chesapeake Bay? Upon consideration of available literature in answering this question, it has 

become clear that there are both biotic interactions, such as predation and competition, and 

abiotic parameters, such as warming water temperatures, affecting C. maenas’ invasion patterns. 

Climate change has notable influence on both of these factors, as the stress it imposes on natural 

systems can alter abiotic conditions and make these areas more susceptible to invasive species 

(Najjar et al., 2010). The complexity of these interactions warrants an interdisciplinary analysis 

of C. maenas invasion that combines the biological and environmental components of the 

question. I expect to find that invasion of the Chesapeake Bay by European green crabs is 

unlikely due to the biotic interactions and abiotic conditions they would face, and invasion will 

remain unlikely with the forecasted changing climate conditions.  
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LIFE CHARACTERISTICS AND INVASION HISTORY  

The European green crab is a small shore 

crab native to the Northeast Atlantic coastline. The 

species is characterized by a fan-shaped carapace up 

to 8 cm wide and featuring three teeth between their  

eyes and five to either side (Figure 2) (Sept, 2008).   

Figure 2. Rendering of C. maenas Despite 
its common name of European ‘green’ crab, morphology (Carlton & Cohen, 2003).   

C. maenas can range in color from green and brown to the orange and red hues characteristic of 

the later stages of intermolt (Tepolt & Somero, 2014), and their carapaces are often mottled with 

black and yellow spotting (Sept, 2008). Mature C. maenas mate between June and October; the 

female crab then broods the fertilized eggs before releasing them the following spring to grow 

into planktonic larvae (Young & Elliott, 2020). The larval crabs undergo several molts during 

their metamorphosis (Bravo et al., 2007) as they develop in coastal waters before returning to 

more sheltered habitats to settle as they exit the planktonic stage, and their development nears 

completion (Roman & Palumbi, 2004). As a shore crab, adult C. maenas are not swimmers, 

instead inhabiting the intertidal and subtidal zones up to about six meters deep, and walking 

along the muddy and rocky substrates of sheltered estuaries, harbors, and tidepools (Jensen et al., 

2002; Sept, 2008).  

  In both native and invasive populations, C. maenas has considerable importance within 

the structure of ecosystems they inhabit. Like many crab species, C. maenas is omnivorous and 

will eat numerous bivalve species, seagrasses, marine worms, and crustaceans including their 

own species (Pickering & Quijón, 2011; Matheson et al., 2016; Moksnes, 2004). Although 

lacking research, larval C. maenas can be assumed to be predated primarily by planktivorous 
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species such as fish and assorted filter feeders. Adult C. maenas are predated by larger 

crustaceans, shorebirds, and occasionally otters, but their invasive populations, including the 

Northwest Atlantic range, lack prevalent predators (Young & Elliott, 2020). In fact, C. maenas’ 

most notable sources of predation are the cannibalism their own species engages in, particularly 

at high population densities (Moksnes, 2004), and human predation through fisheries in its native 

European range (Young & Elliott, 2020). Beyond these ecosystem dynamics, C. maenas’ role in 

native and invasive habitats is that of an ecosystem engineer. In high density C. maenas 

populations, their omnivorous lifestyle modifies and changes the availability of resources such as 

seagrass and bivalve populations (Matheson et al., 2016; Pickering et al., 2017), as well as the 

habitats these species form and their contributions to local water quality (Coen et al., 2007; 

Matheson et al., 2016). These predation habits, although disruptive to the communities they 

inhabit, enhance the crab’s success as an invasive species.   

Invasion by C. maenas has been facilitated by human activity. Beginning in the early 

1800s C. maenas’ spread was made possible by the increasing number of transoceanic voyages, 

during which the small crabs would likely be transported via the hulls and ballasts of large ships 

(Carlton & Cohen, 2003). Although the species’ larval form is planktonic, natural drifting of 

offspring is unlikely due to the length of time the journey would entail, as well as the warm 

temperatures of the Canary and North Equatorial currents necessary to introduce the species in 

the Northwest Atlantic (Carlton & Cohen, 2003). Carlton and Cohen (2003) have reported at 

least eight methods by which C. maenas distribution could have occurred, the most likely of 

which are juvenile crabs occupying worm borings in the hulls of wooden ships and larval, 

juvenile, or adult presence in either solid ballast or ballast water. Other possibilities include 

fouled seawater pipes, the transportation of drilling platforms, discarded seaweed transported 

with fisheries products, or even undocumented intentional transportation for education, research, 
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or fisheries purposes (Carlton & Cohen, 2003). No matter the form of distribution, invasive 

populations of C. maenas continued to spread leading to its current presence on six continents.    

By the early 1870s the European green crab had established its invasive population in the  

Northwest Atlantic and could be found along the coast from New Jersey northwards to Cape Cod  

(Carlton & Cohen, 2003). The Northwest Atlantic population is now known to exist from the 

Chesapeake Bay to the Gulf of Saint Lawrence (Carlton & Cohen, 2003), with established 

populations in the coastal bays of Maryland (deRivera et al., 2005), and its global spread does 

not seem likely to slow. However, Carlton and Cohen (2003) assert that future C. maenas 

invasion is likely to be limited to some extent by the species’ intolerance to warmer water 

temperatures, from which they determined the limits of the crabs’ potential range by examining 

the average winter and summer sea surface temperatures. However, Tepolt and Somero (2014) 

suggest the actualized ranges will differ from those predicted by Carlton and Cohen (2003). 

Several C. maenas populations, including the Northwest Atlantic population, exhibit significant 

acclimatory plasticity, allowing tolerance of an increased range of thermal conditions (Tepolt & 

Somero, 2014) comparative to the species’ origin populations. These enhanced eurythermal 

capabilities observed in C. maenas introduce the potential for a larger range than previously 

predicted and provides a mechanism for continued invasion.  

BIOTIC COMMUNITY INTERACTIONS  

  Due to its classification as an invasive species, C. maenas is by definition implied to 

cause harm to the non-native ecosystems it inhabits. One of the most well-known of these 

negative impacts is the species’ harm to shellfish industries along both coasts of the U.S., due to 

the crab’s predation of bivalves (Grosholz et al., 2011). C. maenas preys on a variety of bivalve 

species, including soft-shell clams (Mya spp.), blue mussels (Mytilus edulis), and oysters 

(Crassostrea spp.). The crab’s preference of prey species is dependent on factors of both their 
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availability in each ecosystem and their shell thickness (Pickering & Quijón, 2011). This 

predation has been attributed as the cause for multiple large-scale bivalve population declines in 

areas with high density C. maenas populations (Pickering & Quijón, 2011), which in addition to 

affecting industry harvests also may affect local water quality (Grosholz et al., 2011) due to the 

reduced biomass performing filtration. Among the most notable of these population declines are 

those of mussels and clams in the northern regions of the Northwest Atlantic C. maenas 

population (Grosholz et al., 2011). As an omnivore, the depletion of a primary food source, such 

as bivalves, would not result in a population decline for C. maenas itself. Instead, the crabs can 

persist in these habitats (Pickering & Quijón, 2011) by turning to secondary food sources, which 

include other important species such as other mollusks and seagrasses. These crabs’ successful 

decimation of other bivalve populations along the Eastern Coast of the U.S., indicates that this 

concern should extend to further populations, such as the Chesapeake’s oysters, as C. maenas 

potentially spreads further south.   

  In the Chesapeake Bay, the Eastern oyster (Crassostrea virginica) is a critical member of 

the estuarine ecosystem. In addition to their role as filter feeders in improving water quality, C. 

virginica reefs provide habitat for many organisms including fish, crabs, and other species (Coen 

et al., 2007). The knowledge that invasive C. maenas predate oysters increases the stakes of a 

potential invasion in the Chesapeake.  Consumption of C. virginica by these crabs could further 

reduce the already insufficient population of this vital filter feeder and ecosystem engineer  

(Pickering et al. 2017) in the Chesapeake Bay. Given that C. maenas populations along the East 

Coast of the U.S. have previously reached densities capable of decimating bivalve populations 

(Pickering & Quijón, 2011), and the resulting economic implications of these declines (Grosholz 

et al., 2011), we can only assume that similar occurrences would be felt in the Chesapeake. 

Watermen harvesting wild catch oysters would likely be more affected by C. maenas invasion in 
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the Chesapeake than aquaculture production (Grosholz et al., 2011). The growing aquaculture 

industry in the Bay is more readily able to offer protection to the most vulnerable young oysters 

through use of off-bottom growing methods that hinder the crabs, due to their inability to swim  

(Pickering et al., 2017), and would be increasingly important in the face of C. maenas invasion.   

 If C. maenas’ range were to spread up into the Chesapeake Bay, the invasive crab would enter a 

competition with native species, including C. sapidus, for resources. Although the two species 

occupy different habitats, with C. sapidus preferring deeper waters than C. maenas, they do 

directly compete for prey resources including bivalves, smaller crustaceans, and other 

invertebrates (MacDonald et al., 2007). The overlapping components of their diets should be a 

cause for concern when considering the potential for the Chesapeake’s invasion due to the 

aggressive predatory nature of C. maenas and the risk it could outcompete the native C. sapidus 

in the Chesapeake. MacDonald et al. (2007) found that during competitive interaction with 

juvenile C. sapidus and C. maenas of comparable mass, the C. maenas individuals were faster 

and more successful at finding and consuming food items. Additionally, C. maenas was found 

more likely to initiate antagonistic encounters than C. sapidus, and it won a higher proportion of 

those interspecific fights (MacDonald et al., 2007). These findings support the success of C. 

maenas as an invasive and show its strength as a forager and competitor in non-native habitats.   

 Not only are young C. maenas better predators and competitors, but they are also physically 

more resilient than C. sapidus. This characteristic is due to C. maenas’ stronger and thicker shells 

(MacDonald et al., 2007), putting juvenile blue crabs at a disadvantage during interspecific 

altercations. Notably, that advantage only holds true with crabs of similar sizes. As adults, C. 

sapidus is considerably larger than C. maenas, and acts as a capable competitor and even 

predator to the smaller invasive species (deRivera et al., 2005). The risk of out-competition 

appears to only concern interactions between the species’ juveniles. The success and survival rate 
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of juvenile C. maenas during these interspecific interactions would determine the future adult 

population size of the invasive. Interspecific competition between C. maenas and C. sapidus 

could potentially be reduced if C. maenas outcompetes the juvenile population of C.  

sapidus, resulting in population decline for the native crab.  

 As a small crab, C. maenas has predators   of its own, 

one of which is C. sapidus. The two species’ ranges 

on the East Coast of the U.S. overlap (figure 3), with 

apparent reciprocal abundances within the area where 

the two ranges intersect (deRivera et al., 2005). 

Furthermore, during field research deRivera et al. 

(2005) found that the highest mortality by predation 

rates for C. maenas occurred in the areas with the 

greatest  

abundance of C. sapidus. Lab studies further 
 Figure 3. Range overlap for C. 
maenas and C. sapidus (deRivera et al., 
2005).   

supported predation by C. sapidus of the smaller invasive crab, revealing that C. sapidus preyed 

on C. maenas more frequently than clams when given a choice between the two, particularly 

when the C. sapidus individuals were either larger in size than their prey or food deprived 

(deRivera et al., 2005). Between the competition and the predation C. maenas experiences in 

regions they cohabitate with C. sapidus, these interactions are suggested to be a limiting factor 

to the invasive crab’s southern expansion in its  

Northwestern Atlantic population.   
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  Juvenile C. maenas face predation and competition from other crabs as well. Among the 

most well-known predators of juvenile C. maenas are adults of their own species, to the extent 

that cannibalism may be the leading cause of mortality for the young crabs, especially in high 

density populations or with limited food availability (Moksnes, 2004). Like the species’ adults, 

juvenile crabs primarily occupy the rocky intertidal zone (Jensen et al., 2002), which would 

indicate their susceptibility to the same predators as the adults. Although young C. maenas are 

too small to compete directly with the larger blue crab, they do compete for habitat with 

members of another invasive shore crab genus, Hemigrapsus. Two Hemigrapsus species have 

invaded the Northwest Atlantic coastline and overlap ranges with C. maenas, all of which prefer 

the same rocky habitat type (Jensen et al., 2002). When competition for this habitat occurs, 

Jensen et al. (2002) found that Hemigrapsus were dominant over juvenile C. maenas for rocky 

habitat spaces, displacing the young green crabs and forcing them to relocate to seagrass and 

oyster reef habitats instead.   

Beyond direct predatory and competitive interactions, C. maenas invasion impacts the 

habitats they occupy as well. Oyster reefs are not the only nursery habitat that C. maenas affects. 

As an omnivore, the invasive also consumes seagrasses and has been known to destroy seagrass 

bed habitats, another vital nursery space for small fish and invertebrates in the Chesapeake 

(Matheson et al., 2016). Additionally, seagrasses are a significant source of oxygen in estuarine 

ecosystems and the presence of C. maenas in these habitats has been linked to their decline  

(Matheson et al., 2016), reducing photosynthetic activity and thus oxygen availability. This could be 

a considerable issue in the Chesapeake, which already experiences low oxygen conditions and 

hypoxia caused by eutrophication, which will only increase with warming due to global climate 

change (Najjar et al., 2010).   
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Despite all the harm they wreak in non-native habitats, C. maenas has surprisingly shown 

the potential to restore decades of marsh degradation in some areas by controlling the population 

of a smaller crab species. Populations of the purple marsh crab (Sesarma reticulatum), an 

herbivorous shore crab native to the Northwest Atlantic, exploded when local predator 

populations dropped due to recreational fishing and crabbing (Bertness & Coverdale, 2013). S. 

reticulatum live in native cordgrass marshes, consuming the plants and destroying leaves and 

roots as they seek refuge among them, activity that increased dramatically with the crabs’ almost  

400% population increase due to reduced predation (Bertness & Coverdale, 2013). Bertness and 

Coverdale (2013) suggest that in marsh areas decimated by resident S. reticulatum, local C. 

maenas could facilitate the habitat’s recovery by predating the smaller native crab. Although 

there could be concern that C. maenas would persist in these damaged habitats after predating S.  

reticulatum and taking over their burrows, it is likely that their residence would be only 

temporary. Without the smaller, native crab as a source of prey and to maintain the burrows, C. 

maenas would soon leave the temporary feeding ground (Bertness & Coverdale, 2013) and return 

to their typical rocky shorelines, allowing for the growth and restoration of the marshes and their 

services.   

CHANGING ABIOTIC CONDITIONS  

Future invasion patterns for C. maenas will also be dependent on abiotic factors, 

especially the crabs’ aquatic thermotolerances. European green crabs are ectothermic (Tepolt & 

Somero, 2014), meaning that regulation of their body temperature is reliant on the temperature of 

their surroundings. Additionally, the species’ tolerance of environmental temperature differs 

between life stages. Larval C. maenas have a narrower thermotolerance for development, 

between 10-22.5 ºC, compared to adults (deRivera et al., 2007). This means that the needs of the 

larvae limit successful reproduction and must be considered when predicting potential range 
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growth. Although adult crabs can survive extreme cool and warm water temperatures for short 

time periods, their preferred temperature range is estimated to be from about 8-26 ºC (Young & 

Elliott, 2020). In the Northeast Atlantic population, these temperature limits would imply that the 

southernmost extent of invasion falls near the mouth of the Chesapeake Bay (Carlton & Cohen, 

2003). However, like other successful invasive species, European green crab populations exhibit 

a high degree of acclimatory plasticity, allowing for rapid adaptation to new environmental 

conditions and aiding in their success in non-native habitats (Tepolt & Somero, 2014). This 

ability to adapt so rapidly to conditions such as temperature raises the concern that future 

invasion may not be as limited as previously projected.  

The future of many native and invasive populations, including C. maenas, will be affected 

by climate change as changing conditions cause shifts in the ranges of these species (Stanley et 

al., 2018). Warming waters throughout their ranges, especially in the southernmost part of C. 

maenas’ Northwest Atlantic range, will likely further limit their potential for expansion. From 

projections developed using historical records, Muhling et al. (2018) predict a 2-5.5 ºC increase 

in Chesapeake Bay surface temperature by 2100, an increase that exceeds the current tolerance of 

successful C. maenas populations. Similarly, use of a modeling approach for potential C. maenas 

range expansion allows for a more complex spatial understanding of this species’ future. The 

model developed by Compton et al. (2010) accomplished this by incorporating climate change 

predictions, niche shifts observed in C. maenas’ invasive populations, and known environmental 

preferences of the species’ origin populations in Europe.    

Understanding the origin population of the Northwest Atlantic C. maenas invasion, as 

well as how temperature affects the growth of both the crabs themselves and their populations, is 

useful in understanding potential future population expansion. Through examining the 

thermotolerances of invasive C. maenas populations in comparison to European origin 



  14  

populations, Compton et al.’s (2010) model reveals that the Northwest Atlantic population likely 

had its origins in the southern part of the native European range. In this population, the crabs are 

already adapted to warmer water temperatures. These origins, in combination with C. maenas’ 

adaptive abilities, likely contribute to its success as an invasive. This further supports the data 

indicating a higher thermotolerance in the Northwest Atlantic population compared to the 

averages for the European population. Additionally, as an ectotherm, C. maenas conforms to the 

temperature-size rule, meaning that the temperature of their environment influences the size to 

which the crabs grow as adults (Kelley et al., 2015). Kelley et al. (2015) observed a negative 

correlation between C. maenas body size and temperature of the surrounding environment in 

both the native European habitat and the invasive Northeastern Pacific habitat, indicating this 

trend is not unique to either invasive or native populations. Size is important for C. maenas’ 

success in competitive interactions (deRivera et al., 2005; Jensen et al., 2002). High temperatures 

result in smaller individuals, which are less successful in areas of high competition such as the 

southern edge of the Northwest Atlantic population.    

Temperature is not the only abiotic factor playing a role in the ranges C. maenas inhabits.  

Salinity is an additional component influencing their habitat choices and survival. In higher 

salinity environments C. maenas is an osmotic conformer (Bravo et al, 2007); however, in low 

salinity water the crab becomes osmoregulatory and maintains homeostasis within its body 

(Muñoz et al., 2017), which has aided in their widespread invasion. C. maenas is known to live 

and survive in salinities ranging from 4 ppt to 35 ppt and above, however the larval crabs have 

difficulty growing and even surviving salinities of less than 20 ppt (Bravo et al., 2007). This need 

for higher salinity is likely a contributing factor to larval C. maenas development in coastal 

marine waters as opposed to the brackish shorelines the adults inhabit. Despite their 

osmoregulation capabilities, adult C. maenas’ metabolic demands increase in lower salinity 
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environments, which often are areas with warmer temperatures, further increasing their 

susceptibility and reducing their survival (Muñoz et al., 2017).   

As an estuary, the Chesapeake Bay’s water quality, including salinity concentrations, is 

largely reliant on precipitation, evaporation, and sea-level patterns that are affected by global 

climate change. Muhling et al. (2017) employed modeling based on historic Chesapeake data in 

order to project future surface salinity estimates for the Bay. Two types of models were used, one 

accounting for large projected precipitation increases and the other using moderate projected 

precipitation increases. Muhling et al. (2017) found that the models using a larger increase in 

precipitation projected little change in surface salinity, with the possibility of decreasing salinity 

levels. However, the models using more moderate, but still increased, precipitation rates 

predicted slightly increasing surface salinity levels in the Chesapeake due to relatively less 

freshwater input (Muhling et al., 2017). The Chesapeake’s salinity will likely increase due to 

warming and sea-level rise alone, however specific future salinity levels cannot be determined as 

they rely heavily on freshwater flow, the most difficult parameter to accurately forecast (Najjar et 

al., 2010).  Muhling et al. (2017) note that different regions of the Bay will likely experience 

different changes, with the already lower salinity tributaries and headwaters experiencing 

reductions in salinity, while the southern parts near the mouth will experience less changes. 

Inevitably, any abiotic condition changes the Chesapeake experiences will alter habitats, an 

occurrence which could increase habitability for invasive species, including C. maenas.   

Despite not being recorded in the Chesapeake Bay itself, C. maenas is known to inhabit 

Maryland’s coastal bays. When examining coastal bays within and south of C. maenas’ known 

range (Figure 3), deRivera et al. (2005) observed that the number of crabs they trapped decreased 

with lower latitudes. Temperature and salinity did not appear to significantly affect the 

populations’ success at any of the sites where C. maenas individuals were present (deRivera et 
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al., 2005), as both parameters at all sites fell within the range that is reported and observed to be 

occupied by the species (Bravo et al., 2007; Carlton & Cohen, 2003). However, the pattern of 

their occurrence, with more and larger C. maenas recorded at the cooler northern sites and fewer 

and smaller crabs at the warmer southern sites agrees with known trends (Kelley et al., 2015).  

This combination of factors makes the invasive a less fit competitor with the increasing C.  

sapidus population they interact with in the southern region of C. maenas’ range (deRivera et al., 

2005).   

INVASION MANAGEMENT CONSIDERATIONS  

In 1998 C. maenas was named an ‘aquatic nuisance species’ by NOAA and USFWS’ 

joint Aquatic Nuisance Species Task Force, solidifying its impact as an invasive species and the 

need for formal management plans. Due to its many biological interactions in the Chesapeake 

area, as discussed, and throughout its numerous invasive populations, C. maenas can cause 

considerable environmental and economic harm. Beyond its direct interactions with ecologically 

and commercially important bivalve communities (Pickering & Quijón, 2011) and eelgrass 

habitats (Matheson et al., 2016), C. maenas indirectly impacts water quality, particularly 

turbidity. Their extensive habitat disturbance, especially of important nursery habitat, can affect 

the success of commercially important fish species, furthering the economic impact for local 

watermen.  However, the full extent of the damage C. maenas causes these systems is difficult to 

determine, since many areas lack the baseline data necessary to perform these analyses  

(Matheson et al., 2016).   

Despite the difficulty in determining the exact values of damage caused by this crab 

species, the effects of C. maenas’ invasion are so substantial that in 2000 a Green Crab Control 

Committee was formed by the Aquatic Nuisance Species Task Force and tasked with developing 

a comprehensive management plan. The resulting management plan, published in 2002, took a 
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phased approach to addressing the feasibility of three main management practices for C. maenas 

over an approximately ten-year timeframe: prevention, eradication, and control (GCCC, 2002). 

This holistic plan outlined everything from forecasting further invasions and introducing 

legislation on ballast use and marine product sterilization and inspections, to developing a 

trapping program for C. maenas and engaging in education and outreach about the invasive 

species (GCCC, 2002). The plan also describes a structure of collaborative topic-specific 

workgroups spreading across the country, an approach which Pyke et al. (2008) note as being 

essential to managing invasive species in the context of climate change. However, like many 

management strategies focused on impact assessment, this 2002 plan contains primarily 

suggestions for detection, monitoring, and quantified understanding rather than solutions. 

Although the document notes the need for an action plan, it does not deliver the kind of practical 

management guidelines that will be crucial to executing successful eradication or suppression of 

invasive marine species (Green & Grosholz, 2021).   

In terms of the Chesapeake area, management could prove essential in preventing the 

expansion of the Northwest Atlantic C. maenas population. The 2002 document observes that 

eradication in particular is much more successful in recently invaded regions with less 

wellestablished populations (GCCC, 2002). However, the need for eradication could be entirely 

avoided if initial invasion is prevented through understanding and mitigating the natural water 

current vectors and anthropogenic vectors used (GCCC, 2002). This would be ideal since the 

Chesapeake Bay is both extremely important as an ecosystem and at risk to environmental 

changes (Najjar et al., 2010). A preventative approach is currently in practice in the state of 

Maryland, where regulations have been established banning the sale, transport, import, purchase, 

and possession of green crabs (MD DNR, n.d.).  Maryland also supports education on the topic of 

invasive species with publicly available, standard-aligned, lesson plans on species of concern to 
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the Chesapeake Bay, including plans for both grades 3-5 and 9-12 specifically addressing C. 

maenas (MD DNR, n.d.).   

Prevention of invasion is the most effective strategy and should be prioritized as long as a 

breeding population of C. maenas has not been established in the Chesapeake Bay. Eradication of 

invasive marine species is difficult due to high habitat connectivity and abundant natural 

dispersal (Green & Grosholz, 2021), therefore, ensuring populations do not reach a size that 

necessitates eradication is essential. In order to prevent invasion in the Chesapeake, the existing 

regulations must continue to be enforced. Based on management strategies for other invasives, 

monitoring is an essential baseline for management (Green & Grosholz, 2021), therefore 

sightings of individual C. maenas should be reported and recorded to better identify any areas of 

concern. Knowledge of any hotspot areas is essential, as localized eradications are more 

successful and attainable than attempts to eradicate or suppress fully established populations 

(Green & Grosholz, 2021). Preventing C. maenas invasion would be a fully worthwhile endeavor 

due to the threat posed to native oyster populations, especially since the species will 

preferentially prey on small oysters (Pickering et al., 2017) such as those used in the Bay’s 

restoration efforts. Additionally, limiting direct interactions between the invasive crab and the 

native C. sapidus would eliminate much concern for any potential population decline of this 

commercially important local species (MacDonald et al., 2007), given that a waning C. sapidus 

population would introduce an opportunity for C. maenas invasion.   

CONCLUSION  

Examining the issue of C. maenas invasion through an interdisciplinary lens allows for a 

more comprehensive understanding of the issues this invasive species could introduce to the 

Chesapeake Bay. The Chesapeake Bay is both a valuable and vulnerable estuary system (Najjar 

et al., 2010), and faces an uncertain future with the progression of climate change and the risk of 
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increased invasive species that accompanies it (Pyke et al., 2008). The European green crab is an 

aggressive and successful competitor in the Northwest Atlantic, capable of altering the structure 

of communities it invades and even reducing water clarity. Given its known negative interactions 

with native oysters, blue crabs, and seagrasses (Pickering et al. 2017; MacDonald et al., 2007; 

Matheson et al., 2016), all essential members of the Chesapeake’s ecosystems, the invasive C. 

maenas should be of increased concern for this estuary.   

Like most marine species C. maenas is sensitive to salinity and temperature conditions 

(Muñoz et al., 2017), which limit its potential for further invasion.  Although the density and 

success of the Northwestern Atlantic invasive population suggest it is well established, the 

abiotic conditions in the Chesapeake region appear to limit the extent of their range (Carlton & 

Cohen, 2003). The shifts in abiotic conditions that accompany climate change will likely alter 

these constraining parameters in the Bay (Muhling et al., 2018), but research suggests that it will 

still prove inhabitable to the invasive C. maenas. However, considering management plans for 

this nuisance species is still crucial, especially in the context of climate change and the numerous 

spatial shifts that are expected for local native and invasive species’ ranges (Pyke et al., 2008).    

Upon examination of the abiotic and biotic interactions C. maenas would face in the 

Chesapeake, I believe invasion to be unlikely even with our changing climate. Further, I believe 

successful invasion to be especially unlikely if proactive management suggestions, such as the 

regulations enacted in Maryland and establishment of a reporting system, are followed. 

Numerous studies over the past few decades have suggested that C. maenas has already reached 

the southern extent of its Northwest Atlantic range (Carlton & Cohen, 2003; Compton et al., 

2010; Tepolt & Somero, 2014). Instead, the possibility of a northward shift in the species’ 

population is much more likely with changing abiotic conditions (Tepolt & Somero, 2014) and 
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has already been observed in several other marine species, including other crustaceans (Stanley et 

al., 2018).   
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