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ABSTRACT 

Carcinus maenas is an invasive marine predator.  Its generalist feeding strategies make it one of 

the most effective invaders.  Carcinus maenas has invasive populations throughout the world, 

and was recently introduced to the west coast of North America.  This study looks at the 

abundance and growth of C. maenas in Yaquina Bay, Oregon following the 2014-15 El Niño.  

We explore the spatial and vertical distribution of C. maenas and how it relates to the 

distribution and abundance of the native Cancer productus.  We did not find a correlation 

between the spatial distribution of C. productus and C. maenas.  We discuss the possibility of the 

spatial distribution being related to the dynamics of the bay or microhabitat preference.  Our data 

suggests a negative correlation in the vertical tidal distribution of the two species, and seems to 

support the hypothesis that C. productus sets the vertical lower limit of C. maenas.  We made 

observations of the interactions of the two species in the same trap that also support this 

hypothesis.  Lastly, we found an abundance and size distribution similar to that of the 1997-98 El 

Niño.  Future studies should follow the 2015 year class and its effects on the local ecosystems.  

These data could prove a valuable tool in making predictions on the effects of El Niño or the 

establishment of a sustainable C. maenas population in Yaquina Bay. 

 

INTRODUCTION 

Invasive, or nuisance, species can have severe impacts on the recipient ecosystems.  Invasive 

species are nonindigenous species that are usually introduced either deliberately or inadvertently 

through human activity (Vitousek et al. 1997).  The lack of natural competition or predation can 

sometimes ensure the success of the invader causing negative trophic impacts both up and down 

the food web.  The extinction of native populations of some species has been attributed to the 

introduction of a nuisance species (Vitousek et al. 1997).   

The European green crab (Carcinus maenas) is among the most successful marine 

invaders in the world and has invasive populations in the waters of most continents. Carcinus 

maenas is native to Europe and North Africa but has spread to Australia, Japan, North and South 

America, and South Africa (Behrens Yamada et al. 2005).  It is a medium-sized crab relative to 

Hemigrapsus spp. (small) and Cancer spp. (large) reaching an adult carapace width of over 90 

mm (Hunt and Behrens Yamada 2003).  Carcinus maenas is a generalist predator and is known 
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to consume over 150 different genera of prey, including 5 phyla of plant and protist, and 14 

phyla of animal (Cohen et al. 1995).  Adult individuals of C. maenas mainly feed by sifting 

through the top layers of sediment, but have been observed digging up to 15 cm to reach clams 

(Smith and Chin 1951). 

 Carcinus maenas was first reported in the Western Atlantic in 1817 and has since spread 

up and down the Atlantic coast of North America (Cohen et al. 1995).  A population of C. 

maenas was established in San Francisco Bay, California (SFB) in 1989, when it was first 

reported, but it likely arrived before that time (Behrens Yamada and Gillespie 2008, See and 

Feist 2010).  A strong cohort of C. maenas was observed along the Pacific Northwest coast 

(Oregon to Vancouver, B. C.) following the strong El Niño Southern Oscillation (ENSO) event 

of 1997-98 (Behrens Yamada et al. 1999).  Behrens Yamada and Gillespie (2008) attribute the 

strong recruitment to the change in currents associated with an ENSO event.  During ENSO, the 

west coast of North America is dominated by strong and persistent northern currents in 

comparison to normal atmospheric conditions (Huyer et al. 2002).  These currents carry the 

pelagic larvae of C. maenas from the established populations in SFB which then settle in 

estuaries along the Oregon coast. 

 Yaquina Bay (YB) is a part of a temperate estuarine system on the central Oregon coast 

which has an invasive population of C. maenas.  Estuaries provide many important biotic 

functions in the larval and juvenile life stages of many species such as high productivity and 

protection from predators (Sheaves et al. 2013).  The effect that the invasive population of C. 

maenas will have on native species in YB is not currently known.  The presence of C. maenas 

could have negative impacts on biodiversity and aquaculture in YB, as it has in the western 

Atlantic (Grosholz et al. 2000, Jensen et al. 2007).  The introduction of C. maenas to the western 

Atlantic coast had negative impacts on soft-shelled clam in New England (Glude 1955, Jensen et 

al. 2007) and caused measureable morphological changes in intertidal snails (Jensen et al. 2007), 

but it is believed that biotic resistance will control the abundance and distribution of C. maenas 

on the eastern Pacific coast (Jensen et al. 2007).  Biotic resistance is a term used to refer to the 

reduction in fitness of nonindigenous species by native generalist predators (Elton 1958).  

Competition and predation pressure from native Cancer spp. limits the distribution and 

abundance of C. maenas (Hunt and Behrens Yamada 2003).  It has been shown that large Cancer 
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productus individuals will prey on smaller Carcinus maenas individuals in a laboratory setting 

(Hunt and Behrens Yamada 2003). 

 The objectives of this study are to (1) identify the spatial distribution of C. maenas 

throughout YB and how it relates to the site-specific abundances of C. productus; (2) make 

observations of the distribution of C. maenas along a vertical gradient in YB and compare with 

the distribution of C. productus; and (3) document the growth and relative abundances of the C. 

maenas 2015 year class in YB following the strong 2015 ENSO event, make comparisons to the 

1997-98 ENSO, and to years of normal atmospheric conditions.  We hypothesize that (1) the 

distribution and abundance of C. maenas will vary between sites inversely with that of C. 

productus; that (2) C. productus will set the lower limit of C. maenas along a vertical tidal 

gradient and we therefore expect to find more C. maenas in the high intertidal zones in 

microhabitats where C. productus is less tolerant of the warm, shallow water (Behrens Yamada 

2015); and that (3) the favorable recruitment and growing conditions associated with ENSO will 

cause abundance, distribution, and growth similar to that of the 1997 year class, and much higher 

than under normal atmospheric conditions. 

 

METHODS 

Sampling Sites and Equipment 

This study was conducted at four sites within YB.  The four sites sampled were: the mudflats 

outside the Oregon Coast Aquarium (OCA), along the Hatfield Marine Science Center pump 

house jetty and dock (HMSC), Sally’s Bend (SB), and outside the Sawyer’s Landing RV Park 

(SL).  The sampling sites were chosen using the catch per unit effort (CPUE) values reported in a 

previous study done in YB (Hunt and Behrens Yamada 2003).  We used fukui fish traps for this 

study.  The traps used had a plastic 2 cm mesh with two 45 cm slit openings at either end.  The 

dimensions of the traps were 63 x 46 x 23 cm (LWH).  The carapace width of each C. maenas 

was measured in millimeters using a Tritan digital caliper and the mass in grams with an Ohaus 

scout pro series scale.  The salinities were measured using a Vee Gee model A366ATC 

refractometer and the surface temperatures in Celsius with a standard laboratory thermometer. 

Sampling Methods 

The sampling for this study took place from 16 May 2016 until 27 May 2016.  All traps were 

baited using fish carcass collected at a marina fish-cleaning station.  We first placed three traps at 
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OCA on 15 May 2016 to verify the presence of C. maenas.  Upon verification, we placed three 

traps at HMSC the next day and five traps at SB the day following that.  We added two more 

traps to OCA for a total of five traps at that site.  The initial three OCA traps were placed in the 

mid-high intertidal zone and the additional two were placed in the mid and low intertidal zones.  

The HMSC and SB traps were placed along the intertidal gradient.  Additional traps were added 

to HMSC in the subtidal zone.  OCA, HMSC, and SB were trapped for a total of 5 days each in 

order to free up traps to be used at SL.  We placed four traps at SL along the intertidal gradient, 

the highest point being where Ulva spp. could no longer be found and the lowest point being 

where the trap was partially submerged at low tide.  We set four traps on the opposite side of the 

HMSC jetty/dock (HMSC-V) in a similar fashion to the ones used at SL.  Due to time constraints 

and bait issues, we only trapped at SL and HMSC-V for 3 and 2 days respectively.  We made the 

assumptions that the bait used would last for the full 24-hour tidal cycle, and that any loss of 

crabs to escape or predation would be proportionally similar across all sites, therefore not 

affecting results. 

All traps were checked after the 24-hour tide cycle had completed.  We recorded the 

number of each species of crab in each trap and released all native species back into the bay.  All 

C. maenas were collected and brought back to the lab to be measured and weighed.  We 

measured the carapace width (CW) from the tip of the 5th antero-lateral tooth to the 

corresponding tip on the opposite side of the carapace.  We massed each crab by putting them 

into a small Tupperware container on the scale.  We made observations on the sex, gravidity, 

abdomen color, and any missing limbs of each individual.  All C. maenas collected were 

humanely frozen. 

Data and Statistical Analysis 

We organized the data using Microsoft Excel.  All catches were standardized using CPUE by 

dividing the number of crab caught by the number of traps used by the number of days trapped.  

We analyzed these data using RStudio.  We ran ANOVAs and Tukey analysis tests on the spatial 

distribution data, and we did multiple linear regressions on the vertical distribution data. 

 

RESULTS 

We found that the distribution and abundance of C. maenas varied between sites (Figure 1).  The 

temperature and salinity between sites did not vary enough to provide a gradient in 
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environmental conditions (Table 1).  The variance in the total numbers of C. maenas captured at 

each site within the intertidal was significant (Figure 2, ANOVA, p-value = 0.0148).  Differences 

in the amounts of C. productus were also significant (Figure 2, ANOVA, p-value < 0.0001).  A 

post-hoc Tukey analysis showed that the variation of C. maenas was significant between OCA 

and SB (p-value = 0.013), almost significant between OCA and HMSC (p-value = 0.054), and 

insignificant but comparable between OCA and SL (p-value = 0.13).  The Tukey analysis 

showed high significance in the differences of C. productus between SL and all other sites (p-

values < 0.0001). 

The vertical gradient data collected at HMSC was analyzed using a linear regression.  We 

found a higher number of C. productus in the subtidal zone, and a higher number of C. maenas 

in the high intertidal zone (Figure 3).  The linear regression showed significance in the difference 

in C. productus (p-value = 0.022), and was nearly significant for C. maenas (p-value = 0.085).  

The trend lines seem to support our hypothesis that C. productus sets the lower vertical tidal 

limit of C. maenas (Figure 3), and the CPUE of the total catch in each zone suggests a similar 

trend (Figure 4).  These data show that C. maenas will congregate higher in the intertidal where 

C. productus is significantly less likely to be found. 

We found an average carapace width of 64.89 ± 0.85 mm and an average mass of 64.3 ± 

2.6 g from the total individuals caught from all sites.  The carapace width and mass did not vary 

between sites (Figures 5 & 6).  With the addition of raw data provided by Dr. Sylvia Yamada we 

were able to graph the growth of the 2015 year class (Figure 7).  The carapace width distribution 

frequency is comparable to the 1998 year class, when the last major El Niño occurred (Figures 8 

& 9). 

 

DISCUSSION 

Spatial Distribution 

The spatial distribution of C. maenas throughout the bay was close to being significant.  The 

most significance was between OCA and other sites.  The distribution of C. productus was 

significant between SL with all other sites.  However, the distribution of C. maenas was highly 

insignificant between SL and other sites.  This suggests that C. productus does not factor into the 

spatial distribution of C. maenas. 
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The best site for C. maenas was OCA, which is a small, protected mudflat.  We can infer 

that the spatial distribution is likely a result of microhabitat preference or prey availability, since 

we cannot show that C. productus has a role in the spatial distribution of C. maenas.  The size 

distribution throughout the bay is about even at all sites with the exception of SB which had a 

slightly smaller average.  This would lead us to believe that OCA is likely more beneficial due to 

microhabitat preference because if it were related to prey availability we would expect to see 

larger individuals with a higher rate of growth at OCA.  Another possibility for a large 

population at OCA could be the general dynamics of the bay.  A large population is due to high 

recruitment in that particular area, which could be caused by a higher in-flow than out-flow of 

water.  A skewed in-to-out ratio would theoretically strand larvae there and cause a boom in 

recruitment. 

One thing we didn’t consider was the subtidal zones of all sites.  Our study only 

examined the subtidal zone at HMSC but failed to collect data on the subtidal zones of any other 

sites.  Therefore, we could not run statistics on the effect of C. productus on C. maenas in the 

subtidal zones of these sites.  Cancer productus could still have an effect on the size distribution 

among these tidal gradients.  As was shown by Hunt and Behrens Yamada (2003), larger C. 

productus will prey on smaller C. maenas more frequently so one would expect to find a higher 

mean size of C. maenas in areas with more abundant and larger C. productus.  Future studies 

should focus on making comparisons of the size distribution of these two species in the subtidal 

zones. 

Vertical Distribution 

Although we have shown that C. productus likely does not affect the spatial distribution of C. 

maenas, C. productus may have some control on the vertical distribution of C. maenas.  The 

statistical analysis on these data did not yield high significance, but the trends suggest a negative 

relationship between the two species.  We found that C. productus is more abundant in the 

subtidal zones while C. maenas is more abundant in the higher intertidal zones. Observations 

made in the field of the two species in the same trap together seem to support these inferences.  

When contained in the same trap, C. maenas will avoid the C. productus by staying on the 

opposite side of the trap or hiding behind rocks used to weigh the traps down.  We observed this 

phenomenon in every trap that we collected which contained the two species. 
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 It has been suggested in previous studies that C. maenas is experiencing biotic resistance 

from the native Cancer crabs.  As mentioned, the data do suggest a negative relationship along a 

vertical gradient with C. productus, but OCA had a high CPUE of C. magister along with the C. 

maenas.  There does not appear to be a negative relationship between the two species of crab 

from what we had observed.  With C. productus being more abundant in the deeper areas of YB, 

or in rocky microhabitats, we suggest that C. maenas still lacks biotic resistance in the shallow 

mudflats that dominate the bay.  Therefore, we also suggest that an abundance of C. maenas 

could have negative impacts on biodiversity and abundance of other species, as well as 

negatively affect aquaculture in other areas.  The abundance of known prey species should be 

explored in the coming years to see if C. maenas has an impact on native fauna.  Future studies 

in the vertical gradients of adult C. maenas should extend deeper in the subtidal and have longer 

sampling periods. 

Effects of the 2015 El Niño 

Although ENSO events play a critical role in the success of C. maenas, as shown in the literature, 

we can neither reject nor fail to reject the null hypothesis that the growth and abundance would 

be similar despite atmospheric conditions.  We are unable to run any statistical tests without raw 

data from previous years, but we can suggest that ENSO years are beneficial to recruitment and 

growth through comparisons.  Previous years sampling in the same sites, after the ‘97-98 cohort 

had died off to senescence, yielded no C. maenas (Personal Correspondence with Dr. Yamada). 

The strong recruitment experienced by YB from the 2015 ENSO is evident in the total 

number of individuals captured.  Our finding of a 10 mm increase in carapace width since April 

2016 indicates that they had molted at least once since April, as expected due to increased 

surface temperatures in YB which are ideal growing conditions and thus increase the molt 

frequency (Behrens Yamada et al. 2005).  This growth rate is similar to what was found 

following the 1997-98 ENSO. 

The population of C. maenas in YB is not self-sustainable (Behrens Yamada and Kosro 

2010).  The population relies on larval input from San Francisco Bay populations to persist, 

which is possible through the persistent northerly currents brought on by ENSO.  We believe that 

the lack of a sustainable population will significantly reduce the threat to native fauna, but this 

effect is something that should be tested over the lifespan of this 2015 cohort.  An examination 

on the consequences of the high 2015 recruitment of C. maenas to local biodiversity and 
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aquaculture could aid in future predictions on both the indirect impacts of ENSO and the impact 

of the establishment of a self-sustaining population of C. maenas in YB. 

Errors and Assumptions 

To reduce any potential errors, future studies should trap further in the subtidal zones across all 

sites.  We did not trap in the subtidal zones at all sites and therefore were unable to make any 

statistical subtidal comparisons between sites.  As shown in the vertical distribution portion of 

this study, large Cancer crabs in the subtidal zones limit the vertical intertidal distribution of C. 

maenas.  An inclusion of subtidal zones between all sites could have given statistically 

significant results on the effects of C. productus on the spatial distribution of C. maenas. 

 As a part of our study, we were taking C. maenas that were caught to the lab to be 

measured and massed before freezing them.  Any native species of crab that were caught in the 

traps were immediately returned to the bay.  We did not consider the effects this may have on the 

proportions of crabs that were caught.  Theoretically, the taking C. maenas out of the bay while 

maintaining a constant population of native species would skew the results and cause the 

proportion of C. maenas to decrease over time.  These skewed proportions would have an effect 

on the CPUE values of C. maenas at each site.  Future studies should run statistical analyses on 

the differences in proportions over time to identify any effect it may have on the results. 

Conclusions 

With C. productus being the species that we observed C. maenas avoid the most in traps, we 

think that there should be further studies on the relationships between these two species.  

Yaquina Bay presents us with a unique opportunity to explore the idea of biotic resistance to 

invasion, and the high 2015 recruitment of C. maenas enables us to do so.  The lack of a self-

sustaining population indicates that something is preventing them from becoming fully 

established.  Since field observations showed that C. maenas do not seem to mind the presence 

of C. magister, and because we found no statistical significance between C. productus and the 

spatial distribution of C. maenas, we can’t help but wonder what is preventing them from 

establishing in Yaquina.  Furthermore, future studies on these observations could aid in the 

development of new and natural invasive species management plans through the exploration of 

local biotic resistance, as well as enable us to better understand the community dynamics and 

structure within our own estuary. 
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FIGURE CAPTIONS 

Table 1: Temperature and salinity data recorded at 4 different sites within Yaquina Bay, Oregon 

taken in May 2016. 
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Figure 1: Catch per unit effort of different species of crab at 4 different sites within Yaquina Bay, 

Oregon calculated from samples taken in May 2016. 

Figure 2: Total amount of C. maenas and C. productus trapped at 4 sites within Yaquina Bay, 

Oregon in May 2016. 

Figure 3: Total numbers of C. maenas and C. productus caught in traps placed along a vertical 

tidal gradient in Yaquina Bay, Oregon in May 2016.  The high was defined as the point 

where Ulva spp. stopped growing and the low as the point where the trap was half 

submerged. 

Figure 4: Catch per unit effort of C. maenas and C. productus calculated from sampling along a 

vertical tidal gradient in Yaquina Bay, Oregon in May 2016. 

Figure 5: Average carapace width in millimeters of C. maenas taken from 4 sites within Yaquina 

Bay, Oregon in May 2016. 

Figure 6: Average mass in grams of C. maenas taken from 4 sites within Yaquina Bay, Oregon 

in May 2016. 

Figure 7: Growth of 2015 year class of C. maenas in Yaquina Bay, Oregon.  Growth is measured 

by average carapace width in millimeters per the month sampled. 

Figure 8: Size frequency distribution of carapace width of C. maenas sampled from 4 sites within 

Yaquina Bay, Oregon in May 2016. 

Figure 9: Size frequency distribution of carapace width of C. maenas sampled in Yaquina Bay, 

Oregon in July 1999. 
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Table 1: 

  Temperature Salinity 

Site Low High Mean SEM Low High Mean SEM 

OCA 13 17 14.63 0.42 30 36 32.88 0.67 

HMSC 10 17 13.43 0.90 30 34 32.29 0.57 

SB 12 13 12.33 0.33 30 33 31.67 0.88 

SL 15 16 15.50 0.50 25 30 28.00 1.53 

HMSC-V 13 14 13.50 0.50 30 31 30.50 0.50 

 

Figure 1: 

 

Figure 2: 
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