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Abstract   

The invasive European green crab, Carcinus maenas, has been present on the west coast 

of Vancouver Island since 1998. Annual trapping has been conducted since 2010 at Pipestem 

Inlet to determine if depletion is a potential mechanism to eradicate or control established 

populations. Although catch per unit effort decreased during annual trapping events, suggesting 

depletion efforts may be reducing this localized population, this trend was not apparent between 

years. For example, there was a drastic increase in population size from 2010 to 2012, and since 

then population size has only gradually declined, despite annual depletion efforts. However, 

average carapace width declined during each trapping event and between years, and 2010, 2012 

and 2013 catch rates showed a female bias, suggesting depletion efforts have affected population 

structure. Overall these intensive trappings events have significantly altered population 

demographics at Pipestem Inlet, but effects on population size are less apparent, especially over 

time. 
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Introduction 

Green Crab Biology 

The European green crab, Carcinus maenas, is a medium sized intertidal branchyuran 

crab that is native to the Atlantic coast of Europe. Its native range extends from Morocco to the 

Faeroes and southern Iceland (Crothers, 1967). Its range has extended as a result of invasions to 

the Atlantic coast of North America, Australia, South Africa, Japan and most recently to the 

Pacific coast of North America (Crothers, 1967; Carlton & Cohen, 2003). In their native range, 

green crabs live in the intertidal zone, using algae-covered rocks as shelter. They will 

occasionally bury themselves in sand or mud if no other cover is available, but they do not dig 

burrows like some crab species. First-year crabs tend to live in very shallow waters, spending 

low tide on the shore hidden under rocks and only emerging when the tide covers them again to 

search for food while adult crabs spend little time on the shore and move up and down beaches 

on the flooding and ebbing tides. They are typically found in waters up to 3 m in depth, but some 

crabs have been captured as deep as 6 m (Crothers, 1967). Green crabs are not active 

continuously throughout a 24-hour period. Their activity level changes with the tides and with 

the day-night cycle, making them active during high tide and at night. They have peaks of 

activity when high tide occurs near midnight, or when there is a drop in temperature (Crothers, 

1968). 

Crothers (1968) describes green crabs as a squat, very solid animal that is adapted for 

walking rather than swimming, although the last pair of legs is flattened for swimming. Males 

and females are similar in appearance, although males get significantly larger. Females reach an 

average size of approximately 70 mm while males can reach 90 to 100 mm. Females have 
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smaller chelae and shorter legs and males are much more aggressive (Crothers, 1967). Green 

crabs have a rigid exoskeleton which provides it protection, but which it must moult in order to 

grow. It moults by laying down a new cuticle, which cracks the old shell off, increasing its size 

by approximately 25 to 30% and then hardening the new shell (Crothers, 1967). Male green 

crabs reach sexual maturity at a carapace width of 25 to 30 mm, while females reach sexual 

maturity between 15 and 31 mm. This range is dependent on the time of year and location of the 

population. Females are only receptive to mating immediately after moulting, while her 

integument is still soft. Males select their mate a few days prior to her moult and carry her 

around with him clasped under his body (Crothers, 1967). The single most important factor in a 

male gaining access to a receptive female is size, with males with a carapace width greater than 

60 mm being most likely to copulate. Males that are red in colour also appear to have a mating 

advantage, with red males having a thicker carapace than green males of equal size (Styrishave, 

Rewitz & Andersen, 2004). Females release their eggs a few days after mating and they are 

attached to her abdomen in a mass referred to as the egg plug. The egg plug is carried around for 

several months, until they hatch. Green crabs go through five planktonic larval stages, four zoeal 

stages and a megalopae stage (Rice & Ingle, as cited by Anger, Spivak & Luppi, 1998). Larval 

development takes about 4-5 days in each zoeal stage and about 12 days in the megalopae stage, 

depending on temperature (Dawirs, Puschel & Schorn, 1986). Females outgrow males during the 

larval and first three juvenile crab stages and some individuals will reach sexual maturity in the 

autumn of their first year (Crothers, 1967). Green crabs have a closed growth cycle, reaching 

permanent anecdysis, which Crothers (1967) suggests is after a maximum of 18 moults. It was 

found that green crabs on the Pacific coast of North America grow faster and larger (Jamieson, 
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Grosholz, Armstrong, & Elner, 1998), reaching between 32 and 60 mm at the end of their first 

summer and 52 to 80 mm at the end of their second summer. By their third summer, males 

ranged from 70 – 92 mm and females ranged from 62 – 80 mm. Following their third summers, 

many crabs didn’t moult again for over a year. Green crab on the Pacific coast of North America 

reach sexual maturity at a similar size, but a younger age, compared to in their native range 

(Behrens Yamada et al., 2005). 

Green crabs are very tolerant of a range of temperatures and salinities, which has greatly 

enhanced their invasion success. They can survive in salinities ranging from 4‰ up to 33‰ and 

in temperatures from 0 °C to 26 °C, although minimum salinity for successful egg development 

is believed to be around 20‰ (Anger et al., 1998). Breeding does not occur above 18 °C, and as 

the temperature drops, increased salinity is required for the eggs to survive (Crothers, 1967). In 

addition, when the temperature drops below 10 °C, green crabs stop moulting, and when the 

temperature drops below 7 °C, activity and feeding ceases (Ropes, 1969). Also, tolerance 

appears to decrease for male green crabs as they get larger and their colour changes from green 

to red, indicating that increased reproductive success is obtained at the expense of physiological 

tolerance (Styrishave et al., 2004). The breeding season is not clearly defined and appears to vary 

with location. In favourable conditions, there is essentially a continuous breeding season, with 

ovigerous females found from early spring until late August (Crothers, 1968). 

Ropes (1969) examined the feeding habits of green crabs. The stomach contents of the 

crabs examined included annelids, molluscs, arthropods, gastropods, insects, fish and plants with 

bivalves being preferred. Further, Ropes (1969) found that green crabs are capable of eating 

bivalves whole, while they are still very small, as well as crushing the shell and tearing out and 
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eating the meat. MacPhail et al., as cited by Ropes (1969), found that bivalves with shells equal 

to or smaller in length as the green crab carapace width were successfully preyed upon. Green 

crab is a very aggressive species that is well known for its predatory habits and has more recently 

been reported to prey on over 150 genera of plants and animals (Cohen, Carlton & Fountain, 

1995), but its primary prey is bivalve molluscs (Jamieson et al., 1998).  

Invasion 

The green crab has expanded beyond its native range becoming established on the 

Atlantic coast of North America in the early nineteenth century. It has subsequently become 

established in South Africa, Australia, South America and the Pacific coast of North America 

(Behrens Yamada & Gillespie, 2008). The first record of invasion on the west coast of North 

America was in 1989 in San Francisco Bay, California (Cohen et al., 1995). It remained confined 

to this area until it was identified in Bodega Harbour in 1993. Subsequent dispersal north to 

British Columbia was correlated with the strong El Niño event of 1997/1998. Ocean water 

temperatures were unusually warm and strong coastal currents of up to 50 km/day persisted from 

September 1997 to April 1998. In 1998, green crab appeared in coastal estuaries in northern 

California, Oregon, Washington, and the west coast of Vancouver Island (Behrens Yamada et al., 

2005). Gillespie, Phillips, Paltzat and Therriault (2007) found that catch rates of green crabs in 

British Columbia tended to be higher in areas with lower salinities, such as the head of inlets, 

areas near freshwater channels and near cover such as eelgrass beds. On the Pacific coast of 

North America, green crabs appear to prefer softer substrate, with less evidence of colonization 

in rocky habitats (Jamieson et al., 1998). 
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Green crabs have persisted in the Pacific Northwest, beyond the lifespan of the original 

cohort that arrived in 1997/1998. It was suggested that the loss of favourable currents from 

California to transport larva could signal recruitment failure for populations in estuaries of the 

Pacific Northwest leading to extinction but this has not happened. This indicates that there must 

be recruitment of new crabs periodically. There has been strong recruitment in Coos Bay to 

Kyuquot Sound on the northwest coast of Vancouver Island following the warm winters of 2003 

and 2005 (Behrens Yamada & Randall, 2006). Since 1997/1998, larval transport is unlikely to be 

responsible for this recruitment as there were not adult crabs in sufficiently abundant numbers in 

California to seed the estuaries in Oregon, Washington, and British Columbia. Therefore, local 

recruitment is the most likely explanation. Mating has been observed in many of these areas and 

as of 2006, green crab had established local breeding populations on the west coast of Vancouver 

Island in several inlets and sounds. Banas, McDonald and Armstrong (2009) examined the larval 

retention of a population of green crabs in Willapa Bay, Washington, USA through the use of the 

general estuarine transport model. The results of this model indicate that larva spawned within 

Willapa Bay have a 5% to 40% chance of reaching maturity within the bay and potentially 

settling. This suggests that at least 60% of the larvae are being exported out of these bays and 

inlets and potentially supplying existing populations with new individuals, or providing an 

opportunity for new populations to become established. However, larvae develop in the open 

ocean and if currents are unfavourable and do not deliver the larvae to suitable coastal locations, 

they would be lost from the system (Behrens Yamada et al., 2005).  

Since 1997, catch rates of green crab have been steadily rising in the Pacific Northwest, 

along the coast of Oregon, Washington and Vancouver Island. Initial catch per unit effort 
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(CPUE) at Pipestem Inlet was 2.3 in 2006 (Gillespie et al., 2007), but it has since increased to 

between 10 and 50 by 2012, depending on the survey year (Behrens Yamada & Gillespie, 2008; 

T.W. Therriault, personal communication, February 21, 2014). This confirms that the population 

in Pipestem Inlet is self-sustaining, as favourable currents transporting larvae into the area have 

not been significant since the 1997/1998 El Nino event (Behrens Yamada & Kosro, 2010; 

Behrens Yamada & Randall, 2006). In 2011, satellite populations of green crab were discovered 

near Bella Bella, on the central coast of British Columbia, and around Sooke, just west of 

Victoria on the southern tip of Vancouver Island (Behrens Yamada & Gillespie, 2013). Trapping 

arrangements between the Department of Fisheries and Oceans (DFO) and First Nations in both 

Sooke and Bella Bella have been arranged to try to reduce the reproductive capacity of these two 

populations. Further, DFO is attempting to prevent the transfer of green crab to areas that have 

not been invaded by developing regulatory measures for aquaculture and shellfish growers 

(Behrens Yamada & Gillespie, 2013). 

Vectors. 

Carlton and Cohen (2003) suggest that green crab may have been transported around the 

globe by at least eight different vectors. These include ship boring and fouling assemblages, solid 

ballast, fouled seawater pipes and sea chests, submersible exploratory drilling platforms, ballast 

water, seaweed transported with commercial fisheries product, transportation of green crab for 

research and private releases by the public to create new fisheries. All transoceanic populations 

of green crab appear to have been established by human transport and not natural mechanisms of 

dispersal. However, natural dispersal has played a role in regional spread. For example, the 

spread of green crabs on the west coast of North America has been attributed to the transport of 
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larvae by ocean currents from source populations to the south, including San Francisco Bay 

(Behrens Yamada & Hunt, 2000). Further, Darbyson (2006) suggested that while commercial 

shipping may have been a factor in the arrival of green crab to the southern Gulf of Saint 

Lawrence, local dispersal was likely by fishing, aquaculture and recreational boating activity. 

This vector is equally as plausible on the west coast of Vancouver Island, as there is a high 

prevalence of recreational fishing and boating. This vector is of great concern on Vancouver 

Island as it presents the potential for recreational fishermen and boaters to transport green crabs 

from the west coast of Vancouver Island into the Strait of Georgia, where there is a thriving 

shellfish industry and invasion by green crabs would be a major concern. 

Darbyson, Hanson, Locke and Willison (2009) found that adult green crab could survive 

for extended periods of time out of water, which could increase the likelihood of them being 

moved around on boats and gear. They found that in dry conditions, a 50% mortality rate was 

reached in approximately 70 hours, meaning green crabs could survive in a boat or on dry fishing 

gear for nearly three days. They also found that in small amounts of seawater, crabs were still 

alive after seven days. In addition, green crab appears to have an increased tolerance for high 

temperatures out of the water as a result of facilitating heat loss by evaporation (Ahsanullah & 

Newell, 1977). Ahsanullah and Newell (1977) obtained a wide variety of sizes of green crab and 

examined their water loss in a range of temperatures and humidities. It was found that smaller 

crabs lose relatively more water per mm of body length as compared to larger crabs. The 

significant losses of body water occurred at humidities below 40%. Ahsanullah and Newell then 

placed groups of green crab in containers of aerated seawater and in containers of air at 60% 

relative humidity and measured the percentage mortality. It was shown that survival was actually 
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improved in air, likely due to a reduction of body temperature as a result of evaporative water 

loss. With this increased survival out of the water, the number of potential vectors that could 

contribute to green crab dispersal becomes even larger. 

Impacts of invasion. 

Green crab can compete for habitat and prey with native crab species. It is a major 

predator on commercially valuable bivalve molluscs (Grosholz & Ruiz, 1995; Grosholz & Ruis, 

1996) and juvenile green crabs have been shown to be able to consume up to 150 clams in a 

single day (Grozholz et al., 2000). There is concern from scientists, managers and shellfish 

growers that the increases in abundance and distribution of green crab could permanently alter 

native ecosystems and threaten commercial species such as Dungeness crab, juvenile flatfish and 

bivalves (Behrens Yamada & Randall, 2006). 

Several studies have documented green crab as a voracious predator that can cause 

declines in mollusc populations (Glude, 1955; Grosholz & Ruiz, 1995; Grosholz & Ruiz, 2009). 

The decline in soft-shell clams on the Atlantic coast of North America has been attributed to 

predation by green crabs, where this invader has been responsible for entire soft-shell clam farms 

failing (Glude, 1955). Similarly, Grosholz and Ruiz (1995) found further evidence of bivalve 

population declines as a result of green crab predation. In field predation experiments, the 

presence of green crab had a significant effect on the densities of Transennella spp., with 

densities in the experimental enclosures reduced as much as four times compared to the control 

enclosure. In addition, predation by green crab on Transennella spp. was more intense on larger 

individuals. For Transennella confusa, the mean size of individuals remaining in experimental 

enclosures was significantly smaller compared to control enclosures.  
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In addition to the impacts on bivavles, green crab has the potential to affect populations 

of native crab species. Grosholz et al. (2009) studied impacts of green crab in Bodega Bay 

Harbor, California by examining changes in relative abundance of green crab, infaunal 

invertebrates, epifaunal invertebrates and vertebrate predators, including wintering shorebirds 

since green crab was introduced in 1993. They found that the green crab population increased 

linearly for the first three years following the initial introduction and then stabilized. Benthic 

invertebrates, including the native shore crab, Hemigrapsus oregonensis, declined in abundance 

by nearly 10 times during the same period that green crab increased in abundance. They also 

observed declines in densities and relative abundances of small native clams, Nutricola confusa 

and N. tantilla following the invasion of green crab. In addition, the declines in density and 

relative abundance of both H. oregonensis and the two Nutricola spp. persisted after the green 

crab populations stabilized suggesting longer-term impacts associated with the green crab 

invasion.  

Green crab can also have habitat impacts, notably decreased survival of eelgrass beds on 

the east coast of North America. Davis, Short and Burdick (1998) conducted a study to examine 

the impacts of green crab on the survival rates of transplanted eelgrass. In 1997, over 1.5 

hectares of eelgrass was transplanted to create new habitat. Survival rates varied from as low as 

1% to as high as 98%. Davis et al. (1998) found that as much as 39% of transplanted eelgrass 

shoots were lost within a week when green crab densities were 4 crabs/m
2
. The crabs were not 

observed to be consuming the eelgrass shoots but rather the damage appeared to be a result of 

their foraging behaviours.  
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Control. 

Due to the potential impacts that this invader can have, control or mitigation measures 

might be desired. Klassen and Locke (2007) identify three potential ways to manage/control 

green crab populations. First, prevention of further spread is key to potential management 

success. This would involve managing anthropogenic transport such as ballast water or shellfish-

related movements. Currently in British Columbia measures to limit spread of green crab are 

related to shellfish movements. Specifically, DFO has applied licensing conditions to restrict 

movements from green crab infested areas on the west coast of Vancouver Island to non-infested 

ones on the east coast of Vancouver Island. These conditions include rinsing the product before it 

is transported and wet storage of shellfish in the intertidal zone at the receiving location is 

prohibited (Curtis et al., in press).  Eradication is typically considered impractical for coastal 

marine species like green crab because of the supply of planktonic larvae. However, this could 

be an option for populations detected early in the invasion cycle and that have become 

established far from existing populations, where the only likely vectors are human-mediated and 

can be controlled. The final management option is to attempt to control green crab populations. 

This could involve suppressing the population below an ecological threshold. Control methods 

that have been considered or attempted include sound pulses, air exposure, chemical control, 

biological control by guarding bivalve seeds with toadfish, genetic manipulations, local physical 

barriers such as nets, fences and rafts, manual removal, commercial harvesting, trapping and 

parasitic castrators. Attempts to suppress populations of green crab by selected harvest haven’t 

yet been overly successful at reducing abundance (Klassen & Locke, 2007). However, Gomes 

(1991) conducted a mark-recapture study in Portugal, where green crab is a native commercial 
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species. A total of 6800 crabs were tagged at seven locations, during four time frames. The 

tagged crabs were all released in the same locations that they were caught and then re-captured 

by local fishermen. This study demonstrated that overfishing is likely responsible for the decline 

of the fishery. Thus, it appears that with enough effort, it may be possible to suppress green crab 

populations through trapping removal.  

Trapping has been conducted to determine the status of green crab on the west coast of 

Vancouver Island since 2006. In May through September 2006, green crabs were found in 14 

locations throughout Barkley Sound, Clayoquot Sound and Nootka Sound. No green crabs were 

found in the Johnstone Strait, Desolation Sound, Discovery Inlet, Sooke or Saanich Inlet 

(Gillespie et al., 2007). However, in 2011, a population of green crab was confirmed in Sooke 

(Behrens Yamada & Gillespie, 2013). Preliminary attempts at using trapping as a depletion 

method began in 2010. Annual trapping has been conducted at Pipestem Inlet, where the 

abundance of green crabs is highest on the west coast of Vancouver Island. The goal of this 

trapping is to determine if this is a suitable method for controlling a population of green crab 

(T.W. Therriault, personal communication, March 8, 2013).  

There is also the possibility of biological control. Jensen, McDonald and Armstrong 

(2007) examined biotic resistance to green crab invasion in California bays. It was found that 

grapsid and Cancer species of crab likely have a competitive advantage over green crab. Jensen 

et al. (2007) found evidence that gregarious grapsids limit shelter use by juvenile green crabs, 

thereby displacing these green crabs. In areas where green crabs were co-occurring with Cancer 

species, limb damage to green crab was high suggesting competitive interactions. They also 

found that green crab catch rates were highest in areas where abundance of Cancer species was 
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low. At smaller, localized scales, it might be possible to overstock areas settled by green crabs 

with larger native Cancer species in an attempt to decrease the green crab population. However, 

the overstocking could result in other ecosystem impacts. 

While it is possible to obtain high catch rates of green crab, it is labour intensive and time 

consuming. It may be difficult to trap intensively enough to reach a depletion level that would 

control the population, especially for larger spatial areas. Trapping also presents the problem of 

how to dispose of the crabs. Fulton and Fairchild (2013) examined the use of green crabs as 

forage fish replacement in seafood-meal. They conducted a nutritional analysis to determine if 

green crabs contained similar nutrient content as forage fish in seafood meal. They found there is 

great potential for this application of green crabs, which could provide an economic incentive for 

commercial trapping of green crabs in the Pacific Northwest. This could result in intensive 

trapping to reduce the green crab population while providing a use for the crabs that are caught.  

However, industry would need to recognize that if depletion worked as a control mechanism, 

supply should decrease over time and should not be considered sustainable. 

Control of other invasive and pest species. 

To examine how other populations respond to population control by removal, a trapping 

study conducted on rats by Brown and Tuan (2005) was examined. They subjected two 

populations of rats to intense trapping (treated populations) and compared the populations after 

trapping to two populations that were never subjected to trapping (untreated populations). They 

then compared the populations the following season. They documented that the treated 

populations did not decrease significantly in size compared to the untreated populations. It was 

suggested that by removing animals, there was a higher availability of resources for the animals 



DEPLETION OF GREEN CRAB ON VANCOUVER ISLAND 20 

in the treated population that were not captured resulting in higher survival rates, and/or it may 

encourage the successful establishment of immigrants to the population. While there was no 

significant difference in population size between the treated and untreated populations, there 

were significant differences in demographics. In the treated population, there was an increase in 

the proportion of juveniles captured the season after trapping was conducted, and there was a 

decrease in average body mass. Older, larger animals were removed through trapping, and the 

populations compensated through higher recruitment of young rats, higher immigration into the 

treated populations and higher survival rates. However, population increase during the breeding 

season was lower in the treated populations, suggesting that they were reproducing at a lower 

rate than the untreated population. Brown and Tuan (2005) concluded that the primary 

mechanism of population recovery in this study was immigration and increased survival of 

young, due to how quickly the population recovered. Recovery as a result of increased breeding 

would occur more gradually than recovery due to immigration (Brown & Tuan, 2005). 

Another example of population control by removal is that of the Mountain Pine Beetle in 

Alberta, specifically in Banff National Park, as studied by Trzcinski and Reid (2008). They 

examined two areas of forest; one where baiting of pine beetles and then subsequent felling and 

burning of the infected trees was carried out (management zone), and another where the forest 

was left to natural processes but monitored closely (monitoring zone). After four years, there was 

no significant effect of the control measures utilized in the management zone. Both zones were 

still colonized and the colonized area was expanding. The beetles were however less successful 

at colonizing new areas more than 500 m apart and the rate of colonization was reduced in the 

management zone. It was concluded that baiting, cutting and removing trees, which removed 
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both available habitat and individuals, was somewhat successful at slowing the spread of the 

Mountain Pine Beetle infestation. 

Research Question & Objectives 

The research question and study objectives have been developed in close consultation 

with Dr. Thomas Therriault, a research scientist for DFO, and a member of the DFO team 

attempting depletion of green crabs at Pipestem Inlet that began in 2010. This study was 

conducted as a part of a DFO program, and the results of the study will be shared with DFO. 

Research question. 

Can trapping be an effective method to deplete a localized population of green crab at 

Pipestem Inlet on the west coast of Vancouver Island, British Columbia, or at least reduce this 

self-sustaining population?  

Research objectives. 

The objective of this study is to evaluate trapping as a method to control a localized 

population of green crab at Pipestem Inlet. The goal is to deplete the green crab population and 

prevent the Pipestem Inlet population from serving as a source population that could support the 

invasion of habitats further north on the British Columbia coast. 

Methodology 

Study Site Description 

The study area is located at the head of Pipestem Inlet in Barkley Sound (Figures 1 and 

2), on the west coast of Vancouver Island, British Columbia. Gillespie et al. (2007) found 

Pipestem Inlet to have the highest abundance of green crab of all the areas studied on the west 

coast of Vancouver Island. Due to the size of this green crab population, Pipestem Inlet was 
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chosen for an experimental depletion effort in 2010. Additional green crab surveys from the 

mouth to the head of Pipestem Inlet suggested the crabs found at the head of the inlet are 

geographically isolated from nearby populations (T.W. Therriault, personal communication, 

March 8, 2013).  This suggests the population at the head of the inlet would not be subject to 

immigration/emigration over short time periods such that the depletion experiment should reflect 

actual changes within the population (hence viability of trapping as a potential control measure).  
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Figure 1. Location of Pipestem Inlet   
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Figure 2. Sampling location at the head of Pipestem Inlet  
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Sampling Strategy 

The depletion experiment initiated by DFO in 2010 included trap surveys from 

September 8 through 19, 2010, September 8 through 15, 2011, and August 17 through 23, 2012. 

This experiment was continued in 2013 with sampling conducted between August 15 and August 

27, 2013 at the head of Pipestem Inlet in accordance with established protocols. Briefly, the 

sampling strategy was based on Gillespie et al. (2007) and is consistent with other efforts to 

characterize green crab abundances in British Columbia (T.W. Therriault, personal 

communication, March 16, 2013). Traps were deployed in the intertidal zone, which has been 

determined to be preferred green crab habitat (Gillespie et al., 2007). By setting the traps at 

approximately zero tide each day, we ensured trapping was being conducted in the preferred 

habitat day after day. Each string consisted of six Fukui folding traps (Fukui FT-100; 

dimensions, 60cm x 45cm x 20cm with 12mm mesh, with a 40 cm door opening at each end) set 

at 10-metre spacing on sixty-metre lead-weighted ground lines anchored on one end to minimize 

drifting. Twelve ground lines with six traps on each line were set each day and remained in the 

water overnight for a total soak time of eighteen to twenty-four hours. All traps were set with 

frozen herring bait enclosed in standard commercial plastic bait jars drilled with small holes to 

allow scents to escape, which were then suspended inside from the upper surface of the trap. The 

GPS coordinates and water depth for each line were recorded each day, as they were set. The 

time each trap was set and hauled was also recorded. On August 21, 2013, traps were unable to 

be hauled as a result of mechanical issues with the boat. As a result, the traps set on August 20, 

2013 had a soak time of approximately 48 hours. 
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A follow up survey was conducted from November 12 through 15, 2013 to determine if 

there was significant immigration of new individuals to the area after the depletion survey 

conducted in August 2013. All methods during this survey were consistent with those used in 

August 2013 and previous years. 

Information recorded was consistent with Gillespie et al. (2007) and with the DFO 

depletion program. Species of each crab, sex, carapace width measured point-to-point for green 

crab and notch-to-notch for all other species, shell condition (including wear, colour, degree of 

fouling), missing or regenerate limbs, injuries and marks were recorded for the first 100 crabs 

caught per string, to the nearest full trap. For the remainder of the crabs, only sex and species 

were recorded. For green crab only, carapace colour on the underside of the thorax was also 

classified (white, yellow, green, orange-brown or red-brown) following Gillespie et al. (2007). 

Carapace width and colour are used to help determine age class of the crabs. Bycatch of all other 

species also was recorded. Since bycatch was minor it was excluded from further analyses. All 

native species caught were released after sampling and green crabs were removed from the study 

site. 

Age structure was estimated using methods documented by Behrens Yamada et al. 

(2005). In Oregon and Washington estuaries, crabs from the 1998-year class reached a carapace 

width of 32-60 mm after their first growing season and 52-80 mm after their second growing 

season. These populations are much larger at an earlier age than populations of green crab in 

their native habitat and the Atlantic coast of North America. Maximum size of green crab 

appears to be fairly consistent, with females being generally smaller than males after reaching 

sexual maturity. Maximum carapace width is over 70 mm for females and over 90 mm for males 
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(Behrens Yamada et al, 2005). The growth rate of green crab populations in Oregon and 

Washington was used to estimate age class of green crab at Pipestem Inlet. 

Estimation of Population Size 

In order to evaluate if trapping is an effective control method it is necessary to estimate 

the green crab population over time. Thus, using the trapping data on green crab in Pipestem 

Inlet it is possible to estimated total population size for each year in the survey, standardized for 

the highest number of traps set (72). The trapping data most closely align with Zippin’s (1958) 

removal method of estimating populations that makes three assumptions about the population 

that must be met in order for the population estimate to be valid. The first assumption is that the 

population remains essentially stationary throughout the trapping period. This means that the 

cumulative effects of births, deaths, immigration and emigration must be negligible. The second 

assumption is that the probability of capture is equal for all individuals exposed to trapping. The 

third assumption is that the probability of capture remains constant from one trapping day to the 

next. This means that the animals cannot become trap shy, and trapping conditions must remain 

constant from day to day (Zippin, 1958). There are different techniques that can be applied to 

removal data to estimate population size.  The first method evaluated by Zippin is a method 

suggested by Hayne (1949) who suggested plotting the total number of animals caught during a 

single trapping day against the total number of animal previously captured. Then a straight line 

would be drawn through the plotted points and the point at which the line crosses the horizontal 

axis provides you with your estimated total population (Zippin, 1958). While simple to conduct, 

this method could not be used in this study as the data fluctuated from a linear pattern, with catch 

rates occasionally higher one day than on the previous day, resulting in a line of best fit 
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providing an inaccurate population estimate. A second method of estimating population from 

removal sampling data is the method of least squares. This method could not be applied in this 

study as the data were not normally distributed. The method suggested by Zippin, and used in 

this thesis, is the multinomial method. This method has optimal statistical properties and is quick 

and simple to carry out. This method also includes an estimate of standard error. Even if all of 

the assumptions of the removal method were to hold completely true in practice, the estimate 

population would likely still differ from the actual population size. The standard error calculation 

used by Zippin (1958) provides a 95% confidence interval for populations of greater than 200 

individuals, and where 90% or less of the population is captured. 

An estimation of total population, standardized for effort, each year was conducted using 

the Zippin (1958) multinomial method. In 2011, the assumption that trapping conditions remain 

the same from day to day was violated as the freshness of the bait changed part way through the 

survey, and the availability of other food, as a result of dead pilchards in the water, changed over 

the course of the survey as well. Therefore, a total population could not be estimated from the 

2011 removal sampling data. In 2010, 2012, August 2013 and November 2013, an estimate of 

the population size prior to each sampling event was calculated, standardized for an effort of 72 

traps, using the following process, described by Zippin (1958, p 83-85). In Appendix A, total 

population estimates are presented using raw total catch values, not standardized for the number 

of traps set.  Thus, direct interannual comparisons are not valid. 

First, total catch per unit effort was determined from CPUE values, and then multiplied 

by 72 to give a total catch standardized for effort: 

TCPUE = ∑k
i=1 y

i
=  y

1
+  y

2
+ . . . . . + y

k
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T = TCPUE * 72 

Next, the ratio (R), standardized for effort, was determined: 

R =  
∑ (𝑖 − 1)k
i=1 y

i
∗ 72

T
 

 

where sigma is the process of summation, k is the number of trappings and yi is the 

number of individuals caught per trap during the i
th

 trapping, so that in the case of k trappings, i 

ranges from 1 to k, 72 is the standard number of traps set, and T is the total catch standardized 

for effort.  

Once R was calculated, the estimated proportion of the population, (1-q)
k
, caught during 

the trapping event was determined. In 2012, k = 8, in August 2013, k = 11, and in November 

2013, k = 3.  

R =  
q

p
−  

kqk

1 − qk
 

  

 

Where  p = (1 – q) to produce: 

R =  
q

1 − q
−  

kqk

1 − qk
 

The equation for (1-q), for each trapping day was resolved graphically. Once (1-q) was 

determined, the total population, N, was calculated with the following equation: 

N =
total catch 

estimated proportion of population capture
=

T

1 − qk
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Before standard error could be calculated, TCPUE was converted into T, total catch, by 

multiplying TCPUE by the standard number of traps, 72. The standard error was calculated using 

the following formula: 

𝑆𝐸(𝑁) =  √

𝑁(𝑁 − 𝑇)𝑇

𝑇2 − 𝑁(𝑁 − 𝑇)
(𝑘𝑝)2

(1 − 𝑝)

 

Where, N = estimate of total population size standardized for effort, T = the total 

numbers of crab caught during a sampling event standardized for effort, p = estimated proportion 

of the population captured, and k = the number of trappings. 

After the estimated population size at the start of each sampling event was calculated, the 

estimated population at the end of each sampling event was calculated by subtracting the total 

number of crabs captured in the sampling event from the initial estimated population. This was 

calculated in order to determine how much the population is recovering each year. 

Data Analysis 

All statistical analyses and plotting were conducting using “R”. Scripts of all analyses can 

be found in Appendix B.  

CPUE. 

CPUE was determined by dividing the total catch each day by the number of traps set. 

Any traps that malfunctioned or were damaged were excluded from the CPUE calculation. 

CPUE for the entire sampling program, from 2010 through to November 2013, was plotted using 

the ggplot2 package in R with date on the x-axis and CPUE on the y-axis. This plot was created 

to demonstrate changes and trends in CPUE over time, both within a sampling event and over the 

entire duration of the depletion program. 
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An analysis of covariance (ANCOVA) was performed, using date as the independent 

variable, CPUE as the dependent variable and year as the covariate, to examine how CPUE 

changes from day to day and year to year. The 2011 data was excluded from this analysis, as this 

data did not exhibit a linear trend and violated statistical assumptions.  

A two-sample t-test was used to determine if CPUE differed significantly from the last 

trapping day in August 2013 to the first trapping day in November 2013. The null hypothesis 

was that the CPUE would not differ significantly from the last trapping day in August 2013 to 

the first trapping day in November 2013. These t-tests were conducted to help determine if there 

was significant immigration of crabs into the study site during the months immediately following 

an intensive trapping event.  

Carapace width. 

The average carapace width on each day of trapping was plotted using the ggplot2 

package in R, with the date on the x-axis and average carapace width on the y-axis for all four 

years of trapping data. An ANCOVA for both males and females, using date as the independent 

variable, average carapace width as the dependent variable, and year as a covariate, was then 

computed to determine how average carapace width changes over the course of a sampling 

event, and how it changes between trapping years. A separate ANCOVA was conducted on each 

sex because of the documented size differences between male and female green crabs. 

Male to female catch ratio. 

The ratio of total males to total females captured from 2010 to August 2013 was plotted 

using the ggplot2 package in R, with the date on the x-axis and total catch on the y-axis. This 
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plot was used to show how the male to female catch ratio changes over time, both within a single 

trapping year, and over the entire duration of the sampling program.   

Results 

Estimation of Population Size 

Using the Zippin (1958) multinomial method, an estimation of total population, 

standardized for effort, at the beginning of the sampling event was calculated for 2010, 2012, 

August 2013 and November 2013. The total green crab population at Pipestem Inlet increased 

significantly from 2010 to 2012, but has been decreasing annually since 2012 (Table 1).  

Table 1 

Estimation of Total Population Standardized for Number of Traps at the Beginning of Each 

Sampling Event in 2010, 2012 and 2013 

Date k T R 1-q
k
 N SE(N) 

Sept 2010 12 2631 4.357 0.69 3802 125 

Aug 2012 8 17449 2.90 0.87 20113 105 

Aug 2013 11 15993 3.19 0.88 18123 89 

Nov 2013 3 5484 0.85 0.50 11034 571 

Note. k = number of trapping days, T = total catch standardized for 72traps, R = 

ratio, 1-q
k
  = estimated proportion of the population captured, N = estimated 

total population standardized for 72 traps, SE = standard error of N 

An estimated population for the end of each sampling event was also calculated (Table 

2). This shows us that while a large proportion of the population is removed each year, the 

population is rebounding significantly by the start of the next sampling year.  
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Table 2 

Estimation of Total Population Standardized for Number of Traps at the End of Each Sampling 

Event from in 2010, 2012 and 2013  

Date N T  Ni 

Sept 2010 3802 2631 1171 

Aug 2012 20113 17449 2664 

Aug 2013 18123 15993 2130 

Nov 2013 11034 5484 5550 

Note. T = total catch standardized for 72 traps, N = estimated total population 

standardized for 72 traps, Ni = estimated population size at the end of the 

sampling event 

CPUE 

While CPUE on the first day of trapping each year has not declined, there was a clear 

decrease in CPUE within 2010, 2012 and both events in 2013 (Figure 3). However, in 2011, 

CPUE initially decreased, but then increased unexpectedly during the final three days of 

trapping. Surveys were conducted annually from 2010 to 2013 during late summer but a short 

survey during the fall of 2013 provides an opportunity to compare CPUE between the summer 

and fall surveys. In November 2013, CPUE increased over that of the last trapping day in August 

2013, but was lower than the first trapping day in August 2013. 
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Figure 3. Plot showing how catch per unit effort changes over the duration of a trapping event 

and from year to year. 

 

An ANCOVA examining CPUE between years shows CPUE is decreasing significantly 

within a trapping event and significantly changes from year to year (Table 3).  

Table 3 

Analysis of Covariance on the Effects of Trapping Day and Trapping Year on Catch Per Unit 

Effort 

Variable df MS F p-value 

Trapping Date 1 2215 36.0819 <.0001 

Year 2 1396 22.7377 <.0001 

Trapping Date * Year 2 400 6.5242 <.05 

Note. df=degrees of freedom, MS = mean squared, F = F-statistic, p-value  

statistically significant <.05 

 

CPUE increased significantly from the final day of trapping in August 2013 to the first 

day of trapping in November 2013 (t-test, 7.34, df = 71, p<.0001). However, CPUE on the first 
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day of trapping in November 2013 remained significantly lower than on the first day of trapping 

in August 2013 (t-test, 5.05, df = 71, p<.0001). 

Carapace Width 

Average carapace width for both males and females decreased substantially between 

2010 and 2011, and then continued to slowly decline in the following sampling events (Figure 

4). Carapace width tended to decrease within a single sampling event with the strongest decline 

noted in August 2013.  The difference in average carapace width between males and females has 

also decreased (Figure 4). In 2010, the males were approximately 10 mm larger than the females. 

In 2011 and 2012, males were only 1 – 3 mm larger than females, and on four trapping days in 

2011, the average carapace width of females was larger than the males. In 2013, the size 

difference increased, but males were no more than 6 mm larger than females on average.  

 
Figure 4. Change in average carapace width for male and female crabs by trapping date. 

November 2013 data was excluded from this analysis.  
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The number of large crabs caught for both males and females has been declining since 

2010, while the number of smaller crabs caught has been increasing (Figures 5 and 6). There is a 

clear shift in size distribution towards smaller crabs since sampling began in 2010 and crabs 

greater than 70 mm for females and 80 mm for males were nearly completely gone by 2013. 
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Figure 5. Histogram showing the frequency of carapace width for female green crabs. 
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Figure 6. Histogram showing the frequency of carapace width for male green crabs. 
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An ANCOVA analyzing how trapping day and trapping year affect average carapace 

width indicates the average carapace width is decreasing significantly within each sampling 

event and from year to year for both males and females (Table 4). 

Table 4 

Analysis of covariance on the effects of trapping day, trapping year and sex on average carapace 

width 

 Males  Females 

Variable df MS F p-value  df MS F p-value 

Date 1 26.59 10.917 <.005  1 17.27 7.6496 <.05 

Year 3 1891.1 776.488 <.0001  3 854.79 378.6456 <.0001 

Date * Year 3 27.49 11.289 <.0001  3 13.84 6.1308 <.005 

Note. df=degrees of freedom, MS = mean squared, F = F-statistic, p-value statistically significant <.05 
 

Male to Female Catch Ratio 

Plotting the number of males and females caught each day does not exhibit any distinct 

trends (Figures 7 and 8). However, in 2010 the majority of the catches were dominated by 

females and in 2012 all of the catches were dominated by females. In 2013, the catches were 

slightly female dominated, and in contrast, in 2011, almost all the catches were dominated by 

males. However, in both 2011 and 2013, the catch was close to a 1:1 ratio. The total catch is 

greater than 50% female on 27 of 39 trapping days. 



DEPLETION OF GREEN CRAB ON VANCOUVER ISLAND 39 

 
Figure 7. Plot showing how the ratio of male to female green crab caught changes during a trapping event and from 

year to year. November 2013 data was excluded from this analysis as the November 2013 survey was conducted 

only to examine catch rates to determine if there was significant immigration into the population. 

 

 
Figure 8. Histogram showing the total catch of both male and female green crab by date. November 2013 data was 

excluded from this analysis as the November 2013 survey was conducted only to examine catch rates to determine if 

there was significant immigration into the population. 
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Discussion 

Estimation of Population Size 

Using the Zippin method (as done here) there are three assumptions that must be met in 

order to estimate a population size from removal sampling data. The first assumption is that the 

population remains essentially stationary throughout the trapping period. The second assumption 

is that the probability of capture is equal for all individuals exposed to trapping. The third 

assumption is that the probability of capture remains constant from one trapping day to the next 

(Zippin, 1958). The first two assumptions were met for all trapping events. The third assumption 

was met in 2010, 2012 and both August and November 2013. However, in 2011, the trapping 

conditions changed over the course of the sampling event as a result of a change in bait quality 

part way through, and an abundance of other prey in the form of dead pilchards in the first half of 

the survey that could have reduced the number of crabs being attracted to the bait in the traps. 

Therefore, the third assumption was not met in 2011 and subsequently a population estimate 

could not be calculated. 

Population size, standardized for effort, was estimated for the start of sampling in 2010, 

2012, 2013 and the November 2013 follow up survey. These results showed that the population 

increased sharply from 2010 to 2012, but has since declined with each trapping event, starting in 

2012. While it was unexpected to see a population increase from 2010 to 2012, it is important to 

consider how the population demographics changed over that time period. In 2010, nearly all the 

crabs caught were large (>70 mm for females and >80mm for males), old crabs. Very few 

smaller, young crabs were present. A population that consists of predominantly larger, older 

individuals is expected to be smaller in numbers than a younger population. With a population 
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predominantly composed of large crabs, it is probable that any smaller crabs would have a lower 

survival rate as a result of competition and cannibalism. With the large crabs removed from the 

population, both as a result of the 2010 sampling and as a result of the deaths of those crabs 

(crabs over 70 mm for females and 80 mm for males are presumed to be near the end of their 

lives), the survival rate for smaller crabs likely increased resulting in population growth.  

Further, such a demographic could have been favourable for newly arriving larvae in Pipestem 

Inlet.  

It is clear that trapping is effective at reducing the size of a green crab population during 

the sampling event, confirming the assumption that the population is effectively isolated at a 

short time scale. However, comparing the 2012 population estimate to the August 2013 

population estimate indicates that there was significant immigration and/or reproduction. From 

the beginning of the 2012 sampling event to the end of the 2012 sampling event the population 

declined by nearly 90%. But by the beginning of the August 2013 trapping event, the population 

was back up to nearly 90% of the initial population size in 2012. Reproduction likely accounts 

for some of the increase in population following the decline of the previous year’s sampling 

event, as we know that Pipestem Inlet is not closed and larvae (either from distant sources or 

from local populations) have the ability to enter and settle at this site. It is also possible that 

green crabs have more than one breeding event each year at Pipestem Inlet. Further, each year 

there are crabs that are newly vulnerable to the gear and these crabs could represent more than 

one year class, given that growth is a function of temperature. An unusually warm year could 

result in first year crabs being susceptible to the traps, while an unusually cool year could result 

in crabs not being vulnerable until their second year. Both of these situations could dramatically 
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increase the population at Pipestem Inlet in a short time frame. Favourable currents to bring new 

larvae to the area were very limited after the 1997/1998 El Nino event (Behrens Yamada & 

Hunt, 2010), so it is unclear how larvae in such large numbers would be moving into the area. It 

is possible that by removing a large portion of the green crab population at Pipestem Inlet each 

year, the decreased population density allowed for high survival rates as a result of high resource 

availability and reduced competition and cannibalism, and therefore allowed the population to 

recover very successfully. 

As a first analysis of trapping as a depletion method for controlling green crabs, once a 

year sampling efforts appear to have limited long-term impacts on population size A second 

trapping event may capture crabs that are too small to be captured in the first trapping event, or 

crabs that may be in deeper waters than where traps were set. Further sampling to be conducted 

in the fall of 2014 will help to identify if a second sampling event conducted a few months 

following the annual summer sampling, as was done in 2013, results in a significantly lower 

population size the following year.  

CPUE 

CPUE on the first day of trapping from year to year has displayed a similar trend to 

estimated population size, with a sharp increase from 2010 to 2012, but little change since then. 

CPUE on the final day of trapping increased from 2010 to 2012, and decreased from 2012 to 

2013. However, the decrease from 2012 to 2013 is likely a result of a longer sampling period in 

2013. It is logical that population size and CPUE would follow similar trends, as catch rate is 

dependent on total population size. Within years, in 2010, 2012 and 2013, CPUE showed a linear 

decline from the first to the last day of trapping, which was expected. However, in 2011, CPUE 
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decreased for the first five days but then unexpectedly rose for the remainder of the sampling 

event. Factors that could have been responsible for the CPUE increasing the final three days of 

trapping include bait quality and bait competition. Bait used the first five days of sampling was 

older compared to newer herring used for the final three days of sampling and this newer bait 

likely outperformed the older bait. Also, at the beginning of the survey, there was a high 

abundance of pilchards in Pipestem Inlet, and dead pilchards could be seen on the beach thereby 

creating conditions for bait competition between herring in the traps and pilchards on the beach. 

It is possible these freshly dead fish could be much more appealing to the crabs than frozen 

herring in the bait cups in the traps. Once the pilchards were gone, then the bait in the traps may 

have been attracting more crabs as bait competition decreased. It is likely that the abundance of 

pilchards during the first few days of trapping resulted in lower CPUE in the first five days than 

might have otherwise been observed, and that the higher quality bait during the last three days of 

trapping resulted in higher CPUE than would have been expected. The combination of these two 

situations could be an explanation for the unexpected trend in CPUE observed in 2011. 

Carapace Width 

In addition to the size of the population decreasing slowly from year to year, the annual 

trapping appears to be significantly altering the structure of the population. In 2010, on the first 

trapping day the average carapace width was greater than 80 mm for males and greater than 70 

mm females. This decreased slightly over the next 11 days but remained at approximately 80 mm 

for males and 70 mm for females for the duration of the trapping event. When sampling began in 

2011, average carapace width was smaller: approximately 55 mm for both males and females 

and has not risen above 64 mm for males and 59 mm for females since then. This indicates that 
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the older, larger crabs were the first to be removed from the population when trapping began in 

2010, which was expected. The fact that average carapace width has not risen above 64 mm 

since 2011 also indicates that the structure of the population has shifted. It appears that the 

largest crabs are being removed from the population each year, resulting in a population with a 

smaller average carapace width each year. Smaller scale temporal patterns also are evident.  The 

average carapace width also declines within a yearly sampling event, showing that larger crabs 

are the first to be caught, and as they are removed from the population, smaller crabs begin to 

enter the traps. This was expected, as the smaller crabs are susceptible to being eaten by larger 

crabs, and so they may be more likely to enter the traps once the larger crabs are no longer a 

potential threat (have been removed from the population). In August 2013, average carapace 

width on the final two days of trapping was below 50 mm for both males and females. This was 

the first time average carapace width has dropped below 50 mm since sampling began in 2010 

further suggesting depletion efforts have removed older cohorts from the population.  

It is possible to estimate the age of the population at Pipestem Inlet using the results of 

Behrens Yamada et al. (2002). Using the analysis of green crab populations in Oregon and 

Washington, the large green crabs removed from the population in 2010 were at least at the end 

of their third year, but more likely four to five year old crabs. Since those crabs have been 

removed, the green crab population at Pipestem Inlet has few crabs older than three years, with 

the majority of the population being only one or two year old crabs. There were also 87 crabs 

caught in August 2013 that were in their first summer (<30 mm) and this was the first time crabs 

with a carapace width smaller than 30 mm had been captured at Pipestem Inlet since sampling 

began in 2010. 
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This change in population structure may have several implications. First, by reducing the 

size, and therefore age, of the population, there is evidence to suggest the reproductive capacity 

of the population has been reduced. Size is the single most important factor in the success of a 

male gaining access to a female. Male green crabs with a carapace width greater than 60 mm are 

much more likely to successfully mate with a female than smaller males (Styrishave et al., 2004). 

The difference in size between males and females does not become pronounced until the second 

or third summer, but given how quickly green crabs grow in the Pacific Northwest, they are 

reaching sexual maturity by the end of their first summer (Behrens Yamada et al., 2005). This 

means that when both sexes are first reproductively active, males do not have a size advantage 

over females, making it more difficult for males to gain access to receptive females. While older 

males in the population could still be breeding with younger females, the lack of males greater 

than 80 mm means that the size advantage of males over females is less pronounced for the 

population as a whole. Styrishave et al. (2004) found that the reproductive capacity of male 

green crabs also increased with size. The gonad size as a percentage of total body weight was 

significantly higher in red males, which are known to be older, than in green males, suggesting 

that red males have the potential to fertilize more female eggs than green males do, either by 

transferring a greater number of spermatophores to each female, or by mating with a larger 

number of females (Styrishave et al., 2004).  It is likely that larger females also have a greater 

reproductive capacity than smaller ones, given that once females reach a carapace width of 

approximately 28 mm, the growth rate of their abdomen increases abruptly in relation to their 

body size (Audet, Miron & Moriyasu, 2008), indicating that the larger the female is, the more 

eggs she can bear. 
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Male to Female Catch Ratio 

Initially it was hypothesized that the ratio of male to female crabs would change over the 

course of a trapping event. It was expected that the proportion of males would be highest at the 

start of the sampling event and decline over time, as females would be more likely to enter the 

traps once the larger and typically more aggressive males were removed. This was not the case 

(or was not detected in this study). There was no clear trend in male to female ratio within a 

sampling event, and the catch ratio appears to be slightly female dominated on the majority of 

trapping days, contrary to expectation. However, there does appear to be a pattern over the four 

years that trapping has been conducted. The male to female ratio appears to be cycling. In 2010, 

the catch ratio was male dominated initially, but then shifted to strongly female dominated 

towards the middle of the sampling event. The ratio then shifted again, with the male catch 

increasing until the end of the sampling program. This same trend was observed in 2012. In 2011 

and 2013, the catch ratio was initially fairly even between males and females, but then rose to be 

more male dominated towards the middle of the sampling program, fell back towards even and 

then became female dominated by the final day of trapping. The mechanism causing the male to 

female catch ratio to cycle in this manner is unclear. It is possible that the male to female ratio in 

this species naturally cycles. There is no knowledge of females being more attracted to the bait 

than males, and as males are typically the larger and more aggressive sex, it was anticipated that 

the catch would be male dominated initially. Previous studies generally show a catch ratio that is 

dominated by males, and bait used in previous studies in consistent with that of this sampling 

program (Behrens Yamada et al., 2005; Behrens Yamada & Randall, 2006; Gillespie et al., 

2007).  
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Historically at Pipestem Inlet, males dominated the catch in the spring when females 

would be berried, but by late August, the catch ratio was approximately 1:1 (personal 

communication, T.W. Therriault, August 2014). This study is the first occurrence where females 

have dominated the catch ratio for the entire trapping event. One possible explanation for not 

seeing a male dominated population is that after the 2010 sampling event there is a shift in the 

carapace width of both sexes to smaller crabs. The smaller the crabs, the smaller the size 

difference is between males and females. If both males and females are smaller, and therefore 

closer in size, the effect of males entering the traps first and subsequently acting as a deterrent 

for females to enter would be less prominent. However, this does not explain why the catch 

would be dominated by females in 2010, as males were significantly larger than females for the 

duration of the sampling event. It is possible that in 2010 there were simply more females in the 

population as a whole and so despite being smaller more of them were captured. 

Recruitment 

The study area is a marine habitat and therefore an open system that includes potential for 

emigration and immigration. Pipestem Inlet was considered a closed population over the duration 

of the depletion survey as it was assumed that immigration or recruitment would not be 

impacting population dynamics on such short time scales, which allowed us to invoke population 

estimation (personal communication, T.W. Therriault, March 8, 2013). However, the population 

is not closed over longer time scales and larval supply to the inlet is key for recruitment of new 

cohorts. The confounding issue is whether there is net import of larvae from other populations or 

net export of larvae to other populations and if there is local retention of larvae that allows the 

population in Pipestem Inlet to persist. A follow-up survey to the August 2013 trapping event 
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was conducted in November 2013. The purpose of this survey was to collect data to gauge how 

many adult crabs may have moved into the area, which would help measure how much of the 

potential population was actually being captured during trapping. According to Behrens Yamada 

et al. (2005), green crabs in the Pacific Northwest can reach a carapace width of up to 42 mm by 

the end of the first summer. Ovigerous females are typically found in Barkley Sound in late 

spring to early summer, which would allow new crabs to settle in mid to late summer. Given that 

the size of the smallest crabs captured in Pipestem Inlet was 25 mm, we can confirm that first 

year crabs are being captured in the annual sampling event. However, it is unlikely the gear used 

for the survey would capture these smaller crabs with the same efficiency as larger individuals. A 

t-test comparing CPUE from the final day of trapping in August 2013 to the first day of trapping 

in November 2013 shows that CPUE increased significantly following the August 2013 trapping 

event. This increase implies that there were adults moving into the area, or that there was a large 

number of new recruits in the summer of 2013 that only became large enough to be susceptible 

to the traps by November 2013. Whether this immigration is a result of reproduction within the 

population, immigration of new crabs, or a combination of the two, is not yet clear. The survival 

rate of green crab larvae has been found to be less than 1% to reaching the fourth larval stage 

(Anger et al., 1998). Given that a single female can carry 185,000 eggs (Crothers, 1967, pp.423), 

and with a population of nearly 20,000 crabs, this is still a large number of larvae potentially 

being released into Pipestem Inlet.  

A large, uncontrolled population of green crab at Pipestem Inlet could become a source 

population for green crabs to settle even further north of the west coast of Vancouver Island, and 

upwards into northern BC and Alaska. The possibility of green crab drifting into the Strait of 
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Georgia is small as the Juan de Fuca Strait has an outflow of surface currents more than 70% of 

the time, and more than 90%  of the time in the summer (Thomson, Mihaly & Kulikov, 2007), 

when green crabs are reproducing. However, as Barkley Sound is a destination for recreational 

boating, fishing and kayaking, the potential for the transport of green crabs, either as small crabs 

caught in fishing gear, or as larva, back to the east coast of Vancouver Island is very real. The 

establishment of green crabs in the Strait of Georgia could have severe implications. There is a 

productive shellfish industry in the Strait of Georgia and the introduction of green crabs could 

have detrimental effects as they are well known predators of bivalve molluscs and have been 

shown to have caused significant population declines in these species (Grosholz & Ruiz, 1995, 

1996; Grosholz et al., 2000).  

Comparison to Other Pest and Invasive Species 

Comparison of this green crab study with the study on rat populations by Brown and 

Tuan (2005) exhibits striking similarities. In both cases, a significant shift in demographics was 

observed after conducting removal sampling. This shift was towards a younger population with 

reduced body mass, and likely reduced reproductive potential. This change in demographics of 

the population was much more pronounced than any change in population size for both studies. 

The lack of reduction in population size found by Brown and Tuan (2005) suggests that removal 

sampling may not be effective at significantly reducing population size for an unwanted species. 

However, removal sampling may be effective at reducing the spread of a species. The study 

examining management of Mountain Pine Beetle (Trzcinski & Reid, 2008) suggests that 

removing portions of the population has some success in reducing the spread of the species, 

particularly over large distances (>500 m). This supports the idea that depletion efforts at 
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Pipestem Inlet have the potential to reduce propagules serving as a source for other populations. 

However, in the case of the Mountain Pine Beetle, they generally do not fly more than 250 m, 

whereas green crab larva can be dispersed as far as the currents take them, making the control of 

green crab on a large spatial scale much more difficult.  

Comparison to Other Control Methods 

Efforts must be made to limit the effects of green crabs. Many options have been 

considered, including, sound pulses, air exposure, chemical control, biological control by 

guarding bivalve seeds with toadfish, genetic manipulations, local physical barriers such as nets, 

fences and rafts, commercial harvesting, and parasitic castrators (Klassen & Locke, 2007), but 

these options would all have detrimental effects on native crab species as well. Trapping is the 

more desirable option as the traps are set in preferred green crab habitat, limiting bycatch of 

native crab species, which if caught were immediately released. Trapping has little impact on the 

native ecosystem, while producing significant changes in the green crab population that help to 

control effects of this invader.  

Conclusions and Recommendations 

Annual trapping efforts of European green crab at Pipestem Inlet have been conducted 

since 2010 and significantly decreased CPUE over the duration of a trapping event, and removed 

a very large proportion of the population. However, there is significant immigration or 

recruitment from larval supply back into the population, resulting in a rebound of the population 

size every year. Whether the increase in population size following an intensive trapping event is 

a result of reproduction or immigration, further surveys should be conducted. Adding a second 

depletion effort each year, in addition to the later summer effort already being conducted 
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annually, and monitoring any subsequent population change may give a clearer indication of 

whether this method can suppress this population below a desired threshold. If the population 

recovers less successfully after the addition of a second depletion effort each year, then depletion 

through trapping could be a potential control measure. Furthermore, even if this approach were 

to remove the entire population, the area is good green crab habitat and with the presence of 

green crab in many other areas along the Pacific coast of North America, it would not be possible 

to prevent the reinvasion of the area without first eradicating other source populations. 

Despite the difficulties in suppressing the size of the population of green crabs in 

Pipestem Inlet, the population demographics are shifting. The very large, and therefore older 

crabs, greater than 70 mm for females and greater than 80 mm for males, were removed in 2010 

and crabs of that size have not been consistently captured since. The average carapace width 

decreased over a sampling event and has been decreasing every year since sampling began in 

2010. The ratio of males to females has not displayed the expected trend of removing males from 

the population first but this small scale trend might not be detectable with the methodology 

applied. This survey showed the majority of catches were dominated by females. Further 

sampling may help identify the reason for this, but more significantly, a female dominated catch 

could result in faster suppression of the population. This shift in size of crabs indicates that the 

population at Pipestem Inlet is shifting to a younger population that has a lower reproductive 

capacity, which will help to prevent a population increase in Pipestem Inlet, and will also reduce 

the larval supply to other areas of the Pacific Northwest.  

At this stage, it seems unlikely that trapping of green crabs in Pipestem Inlet will 

eliminate the population or reduce it below a desired management or ecological threshold. 
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However, the trapping does seem to be having a desired effect on the population structure, which 

will aid in the management and mitigation of this invader in the future.   
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Appendix A 

Tables A1 and A2 present population estimates calculated using raw total catch data. In 

2010, a different number of traps were set than in 2012 and 2013, producing an artificially low 

total population estimate.  

Table A1 

Estimation of Total Population at the Beginning of Each Sampling Event from Removal 

Sampling Data in 2010, 2012 and 2013  

Date k T R 1-q
k
 N SE(N) 

Sept 2010 12 1530 4.79 0.512 2984 260 

Aug 2012 8 17449 2.91 0.866 20114 105 

Aug 2013 11 15958 3.189 0.882 18084 88 

Nov 2013 3 5442 0.849 0.497 10948 568 

Note. k = number of trapping days, T = total catch, R = ratio, 1-q
k
  = estimated 

proportion of the population captured, N = estimated total population, SE(N) = 

standard error of N 

Table A2 

Estimation of Total Population at the end of each sampling event from Removal Sampling Data 

in 2010, 2012 and 2013  

Date Estimated Initial 

Population Size 

Total Crabs 

Removed  

Estimated Population Size 

on the last day of sampling 

Sept 2010 2984 1530 1454 

Aug 2012 20114 17449 2665 

Aug 2013 18084 15958 2126 

Nov 2013 10948 5442 5506 
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Appendix B 

This appendix includes all of the code and subsequent output of all statistical analyses 

that were conducted using “R”. 

######################### 
#LOAD AND CLEAN RAW DATA 
######################### 
 
options(stringsAsFactors=FALSE) 
 
##################################### 
# Import and clean allbiota Nov 
##################################### 
 
crab.data.nov.allbiota <- read.csv("./data/Nov2013ALLBIOTADATA.csv") 
 
crab.data.nov.allbiota$Date <- paste(crab.data.nov.allbiota$Year,  
                                     crab.data.nov.allbiota$Month, crab.data.
nov.allbiota$Day,  
                                     sep="-") 
 
crab.data.nov.allbiota$Date <- as.Date(crab.data.nov.allbiota$Date) 
 
##################################### 
# Import and clean 2010to2013ALLBIOTA 
##################################### 
 
crab.data.allbiota <- read.csv("./data/2010to2013ALLBIOTA.csv") 
 
crab.data.allbiota$Date <- paste(crab.data.allbiota$Year, crab.data.allbiota$
Month,  
                                 crab.data.allbiota$Day, sep="-") 
 
crab.data.allbiota$Date <- as.Date(crab.data.allbiota$Date) 
 
xmb.data.allbiota <- crab.data.allbiota[crab.data.allbiota$Species == "XMB" | 
crab.data.allbiota$Species == "848" &   
                                        crab.data.allbiota$Sex!= "", ] 
 
##################################### 
# Import and clean 2010to2013TOTALBYTRAP 
##################################### 
 
crab.data.totalbytrap <- read.csv("./data/2010to2013TOTALBYTRAP.csv") 
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crab.data.totalbytrap$Date <- paste(crab.data.totalbytrap$Year, crab.data.tot
albytrap$Month,  
                                 crab.data.totalbytrap$Day, sep="-") 
 
crab.data.totalbytrap$Date <- as.Date(crab.data.totalbytrap$Date) 
 
xmb.data.totalbytrap <- crab.data.totalbytrap[crab.data.totalbytrap$Species =
= "XMB" | crab.data.totalbytrap$Species == "848", ] 
 
##################################### 
# Import and clean 2010to2013TOTALBYSEX 
##################################### 
 
crab.data.totalbysex <- read.csv("./data/2010to2013TOTALBYSEX.csv") 
 
crab.data.totalbysex$Date <- paste(crab.data.totalbysex$Year, crab.data.total
bysex$Month,  
                                    crab.data.totalbysex$Day, sep="-") 
 
crab.data.totalbysex$Date <- as.Date(crab.data.totalbysex$Date) 
 
xmb.data.totalbysex <- crab.data.totalbysex[crab.data.totalbysex$Species == "
XMB" | crab.data.totalbysex$Species == "848", ] 
 
xmb.totalbysex <- subset(xmb.data.totalbysex,Sex!="") 

########## 
#ANALYSES 
########## 
 
require(ggplot2) 

## Loading required package: ggplot2 

require(lubridate) 

## Loading required package: lubridate 

require(Hmisc) 

## Loading required package: Hmisc 
## Loading required package: grid 
## Loading required package: lattice 
## Loading required package: survival 
## Loading required package: splines 
## Loading required package: Formula 
##  
## Attaching package: 'Hmisc' 
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##  
## The following objects are masked from 'package:base': 
##  
##     format.pval, round.POSIXt, trunc.POSIXt, units 

require(plyr) 

## Loading required package: plyr 
##  
## Attaching package: 'plyr' 
##  
## The following objects are masked from 'package:Hmisc': 
##  
##     is.discrete, summarize 
##  
## The following object is masked from 'package:lubridate': 
##  
##     here 

require(dplyr) 

## Loading required package: dplyr 
##  
## Attaching package: 'dplyr' 
##  
## The following objects are masked from 'package:plyr': 
##  
##     arrange, desc, failwith, id, mutate, summarise, summarize 
##  
## The following objects are masked from 'package:Hmisc': 
##  
##     src, summarize 
##  
## The following objects are masked from 'package:lubridate': 
##  
##     intersect, setdiff, union 
##  
## The following objects are masked from 'package:stats': 
##  
##     filter, lag 
##  
## The following objects are masked from 'package:base': 
##  
##     intersect, setdiff, setequal, union 

require(RColorBrewer) 

## Loading required package: RColorBrewer 
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require(scales) 

## Loading required package: scales 

################### 
# CPUE TotalByTrap 
################### 
cpue.over.time <- ddply(xmb.data.totalbytrap, .(Date), summarize, cpue = sum(
Total.Crabs)/length(Total.Crabs)) 
 
############################# 
#CPUE ANCOVA 2011 Excluded 
############################# 
cpue.2011excl <- subset(cpue.over.time, month(Date)!=11 & year(Date)!=2011) 
 
cpue.2011excl$Year <- year(cpue.2011excl$Date) 
 
cpue.overtime <- ddply(cpue.2011excl, .(Year), mutate, daynum = 1:n()) 
 
cpue.overtime$Year <- as.factor(cpue.overtime$Year) 
 
cpue.ancova <- lm(cpue ~ daynum * Year, data = cpue.overtime) 
 
summary.lm(cpue.ancova) 

##  
## Call: 
## lm(formula = cpue ~ daynum * Year, data = cpue.overtime) 
##  
## Residuals: 
##     Min      1Q  Median      3Q     Max  
## -11.234  -4.404  -0.053   1.277  22.887  
##  
## Coefficients: 
##                 Estimate Std. Error t value Pr(>|t|)     
## (Intercept)        4.945      4.823    1.03   0.3151     
## daynum            -0.292      0.655   -0.45   0.6596     
## Year2012          40.766      7.781    5.24  2.0e-05 *** 
## Year2013          37.139      6.996    5.31  1.7e-05 *** 
## daynum:Year2012   -3.134      1.375   -2.28   0.0315 *   
## daynum:Year2013   -3.356      0.994   -3.38   0.0024 **  
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Residual standard error: 7.84 on 25 degrees of freedom 
## Multiple R-squared:  0.791,  Adjusted R-squared:  0.749  
## F-statistic: 18.9 on 5 and 25 DF,  p-value: 8.83e-08 
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anova(cpue.ancova) 

## Analysis of Variance Table 
##  
## Response: cpue 
##             Df Sum Sq Mean Sq F value  Pr(>F)     
## daynum       1   2216    2216   36.08 2.8e-06 *** 
## Year         2   2793    1396   22.74 2.4e-06 *** 
## daynum:Year  2    801     401    6.52  0.0052 **  
## Residuals   25   1535      61                     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

###################### 
# CPUE Over Time Plot 
###################### 
cpue.over.time$Year_fac <- year(cpue.over.time$Date) 
 
cpue.over.time$YearMon <- paste(month(cpue.over.time$Date), year(cpue.over.ti
me$Date), sep="-") 
 
cpue.plot <- ggplot(data=cpue.over.time, aes(x=factor(Date), y=cpue, colour=a
s.factor(YearMon))) 
 
cpue.plot + geom_point(size=4) + labs(x="Date", y="Catch Per Unit Effort") + 
labs(colour="Month-Year") +  
  theme(axis.title.x=element_text(size=18), axis.text.x = element_text(angle=
90, size=15),  
        axis.title.y = element_text(size=18), axis.text.y = element_text(size
=15), 
        legend.title = element_text(size = 18), legend.text = element_text(si
ze=15)) +  
  scale_colour_discrete(breaks=c("9-2010","9-2011", "8-2012", "8-2013", "11-2
013")) 
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################################ 
#Frequency of Sex Distribution 
################################ 
 
xmb.allbiota <- subset(xmb.data.allbiota,Sex!="") 
 
xmb.allbiota$SexMF <-ifelse(xmb.allbiota$Sex == 1, "Male", "Female") 
 
sex.all <- xmb.allbiota[, c("Date","SexMF")] 
 
sex.all$Sex <- factor(sex.all$SexMF, labels=c("Female", "Male")) 
 
sex.allcrabs <- subset(sex.all,Sex!="") 
 
rownames(sex.all) <- NULL 
 
sex.hist <- ggplot(data=sex.all, aes(x=factor(Date), colour=factor(year(Date)
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), fill=Sex)) 
 
sex.hist + aes(x=factor(Date)) + geom_histogram(position = "dodge", colour = 
"darkgrey", alpha = 0.6) +  
  labs(x="Date", y="Total Catch") +  theme(axis.title.x=element_text(size=18)
, axis.text.x =  
  element_text(angle=90,size=14), axis.title.y = element_text(size=18), axis.
text.y = element_text(size=15), 
  legend.title = element_text(size = 18), legend.text = element_text(size=15)
) 

 

####################################### 
#PROPORTION OF MALES AND FEMALES CAUGHT 
####################################### 
male.female.ratio <- ddply(sex.all, .(Date), summarize, Ratio = sum(Sex == "M
ale")/length(Sex)) 
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male.female.ratio.plot <- ggplot(male.female.ratio, aes(x=factor(Date), y=Rat
io, colour=factor(year(Date)))) 
 
male.female.ratio.plot + geom_point(size=4) + labs(x="Date", y="Proportion Ma
le", colour="Sampling Year") + 
  theme(axis.title.x=element_text(size=18), axis.text.x = element_text(angle=
90, size=15),  
        axis.title.y = element_text(size=18), axis.text.y = element_text(size
=15), 
        legend.title = element_text(size = 18), legend.text = element_text(si
ze=15)) + ylim(0,1)  

 

####################################### 
#Data Frame for Carapace Width by Sex 
####################################### 
size.all <- subset(xmb.data.allbiota,WidthSpine!="") 
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size.all <- size.all[, c("Date","WidthSpine","Sex","Year")] 
 
sizeall <- subset(size.all,Sex!="NA") 
 
rownames(sizeall) <- NULL 
 
sizeall$CarapaceWidth <- cut(sizeall$WidthSpine, breaks = seq(20,100, by = 10
)) 
 
size.females <- sizeall[sizeall$Sex!= 1, ] 
 
size.males <- sizeall[sizeall$Sex == 1, ] 
 
############################################# 
#Frequency Histogram of Carapace Width By Sex 
################################################ 
size.females.hist <- ggplot(data=size.females, aes(x=factor(Date), fill=Carap
aceWidth)) 
 
size.females.hist + geom_histogram(position = "dodge", colour = "black") + la
bs(x="Date",  
  y="Number of Crabs") + facet_wrap(~Year, ncol=1, scales = "free_x") + scale
_fill_brewer(palette = "Spectral") +  
  guides(fill=guide_legend(title="Carapace Width (mm)")) + theme(axis.title.x
=element_text(size=18),  
  axis.text.x = element_text(angle=30, size=10), axis.title.y = element_text(
size=18),  
  axis.text.y = element_text(size=15), legend.title = element_text(size = 14)
,  
  legend.text = element_text(size=11)) 
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size.males.hist <- ggplot(data=size.males, aes(x=factor(Date), fill=CarapaceW
idth)) 
 
size.males.hist + geom_histogram(position = "dodge", colour = "black") + labs
(x="Date", y="Number of Crabs") +  
  facet_wrap(~Year, ncol=1, scales = "free_x") + scale_fill_brewer(palette = 
"Spectral") +  
  guides(fill=guide_legend(title="Carapace Width (mm)")) + theme(axis.title.x
=element_text(size=18),  
  axis.text.x = element_text(angle=30, size=10), axis.title.y = element_text(
size=18),  
  axis.text.y = element_text(size=15), legend.title = element_text(size = 14)
,  
  legend.text = element_text(size=11))  
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######################## 
#Average Size Data Frame 
######################### 
 
avgsize.allbiota <- subset(xmb.data.allbiota,WidthSpine!="") 
 
########################### 
#Average Size By Sex 
########################## 
 
avgsize.bysex <- ddply(avgsize.allbiota[avgsize.allbiota$Sex =="1" | avgsize.
allbiota$Sex == "3",],  
                       .(Date,Sex), summarize, avgsize = sum(WidthSpine) / le
ngth(WidthSpine)) 
 
avgsize.by.sex <- subset(avgsize.bysex[1:78, ]) 
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avgsize.by.sex$SexMF <-ifelse(avgsize.by.sex$Sex == 1, "Male", "Female") 
 
############################# 
#Plot Average Size Over Time 
############################# 
 
avgsize.by.sex.plot <- ggplot(data=avgsize.by.sex, aes(x=factor(Date), y=avgs
ize, shape=factor(year(Date)),  
                                                       colour=as.factor(SexMF
))) 
 
avgsize.by.sex.plot + geom_point(size=4) + labs(x="Date", y="Average Caparpac
e Width (Point to Point)") +  
  labs(colour="Sex", shape="Sampling Year") + theme(axis.title.x=element_text
(size=18),  
 axis.text.x = element_text(angle=90, size=14), axis.title.y = element_text(s
ize=18),  
 axis.text.y = element_text(size=15), legend.title = element_text(size = 14),  
 legend.text = element_text(size=11)) 
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############################## 
#ANCOVA Carapce Width By Year 
############################## 
 
avgsize.by.sex$Year_fac <- year(avgsize.by.sex$Date) 
 
avgsize.by.sex$Year_fac <- as.factor(avgsize.by.sex$Year_fac) 
 
avgsize.sex <- ddply(avgsize.by.sex, .(Year_fac,SexMF), mutate, daynum = 1:n(
)) 
 
avgsize.females <- avgsize.sex[avgsize.sex$SexMF == "Female",] 
 
avgsize.males <- avgsize.sex[avgsize.sex$SexMF == "Male",] 
 
cw.ancova.sex <- lm(avgsize ~ daynum * Year_fac * SexMF, data = avgsize.sex) 



DEPLETION OF GREEN CRAB ON VANCOUVER ISLAND 73 

 
anova(cw.ancova.sex) 

## Analysis of Variance Table 
##  
## Response: avgsize 
##                       Df Sum Sq Mean Sq F value  Pr(>F)     
## daynum                 1     43      43   18.48 6.2e-05 *** 
## Year_fac               3   7897    2632 1121.76 < 2e-16 *** 
## SexMF                  1    346     346  147.38 < 2e-16 *** 
## daynum:Year_fac        3    118      39   16.74 4.5e-08 *** 
## daynum:SexMF           1      1       1    0.21    0.65     
## Year_fac:SexMF         3    341     114   48.46 3.0e-16 *** 
## daynum:Year_fac:SexMF  3      6       2    0.88    0.46     
## Residuals             62    145       2                     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

cw.ancova.female <- lm(avgsize ~ daynum * Year_fac, data = avgsize.females) 
 
anova(cw.ancova.female) 

## Analysis of Variance Table 
##  
## Response: avgsize 
##                 Df Sum Sq Mean Sq F value Pr(>F)     
## daynum           1     17      17    7.65 0.0095 **  
## Year_fac         3   2564     855  378.65 <2e-16 *** 
## daynum:Year_fac  3     42      14    6.13 0.0021 **  
## Residuals       31     70       2                    
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

cw.ancova.male <- lm(avgsize ~ daynum * Year_fac, data = avgsize.males) 
 
anova(cw.ancova.male) 

## Analysis of Variance Table 
##  
## Response: avgsize 
##                 Df Sum Sq Mean Sq F value  Pr(>F)     
## daynum           1     27      27    10.9  0.0024 **  
## Year_fac         3   5673    1891   776.5 < 2e-16 *** 
## daynum:Year_fac  3     82      27    11.3 3.6e-05 *** 
## Residuals       31     75       2                     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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################################################### 
#T-test average size day 1 Aug2013 vs day 1 Nov2013 
################################################### 
 
day1.aug2013.allbiota <- xmb.data.allbiota[year(xmb.data.allbiota$Date) == 20
13 &  
                                             month(xmb.data.allbiota$Date) == 
08 &  
                                             day(xmb.data.allbiota$Date) == 1
6, ] 
 
day1.aug2013.naremoved <- subset(day1.aug2013.allbiota, !is.na(day1.aug2013.a
llbiota$WidthSpine)) 
 
day1.nov2013.allbiota <- crab.data.nov.allbiota[day(crab.data.nov.allbiota$Da
te) == 13, ] 
 
day1.nov2013.naremoved <- subset(day1.nov2013.allbiota, !is.na(day1.nov2013.a
llbiota$WidthSpine)) 
 
avgsize.day1.2013.ttest <- t.test(day1.aug2013.naremoved$WidthSpine, day1.nov
2013.naremoved$WidthSpine) 
 
avgsize.day1.2013.ttest 

##  
##  Welch Two Sample t-test 
##  
## data:  day1.aug2013.naremoved$WidthSpine and day1.nov2013.naremoved$WidthS
pine 
## t = 12.87, df = 1477, p-value < 2.2e-16 
## alternative hypothesis: true difference in means is not equal to 0 
## 95 percent confidence interval: 
##  4.810 6.541 
## sample estimates: 
## mean of x mean of y  
##     60.76     55.08 

############################################ 
#T-test CPUE Day 1 Aug2013 vs day 1 Nov2013 
############################################ 
 
day1.aug2013.CPUE <- xmb.data.totalbytrap[year(xmb.data.totalbytrap$Date) == 
2013 &  
                                            month(xmb.data.totalbytrap$Date) 
== 08 &  
                                            day(xmb.data.totalbytrap$Date) == 
16, ] 
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day1.nov2013.CPUE <- xmb.data.totalbytrap[year(xmb.data.totalbytrap$Date) == 
2013 &  
                                            month(xmb.data.totalbytrap$Date) 
== 11 &  
                                            day(xmb.data.totalbytrap$Date) == 
13, ] 
 
CPUE.day1.2013.ttest <- t.test(day1.aug2013.CPUE$Total.Crabs, day1.nov2013.CP
UE$Total.Crabs, mu=0,  
                               var.equal = FALSE) 
 
CPUE.day1.2013.ttest 

##  
##  Welch Two Sample t-test 
##  
## data:  day1.aug2013.CPUE$Total.Crabs and day1.nov2013.CPUE$Total.Crabs 
## t = 5.045, df = 141.4, p-value = 1.369e-06 
## alternative hypothesis: true difference in means is not equal to 0 
## 95 percent confidence interval: 
##  15.02 34.37 
## sample estimates: 
## mean of x mean of y  
##     58.15     33.46 

############################################# 
#T-test CPUE Day 11 Aug2013 vs day 1 Nov2013 
############################################# 
 
day11.aug2013.CPUE <- xmb.data.totalbytrap[year(xmb.data.totalbytrap$Date) == 
2013 &  
                                             month(xmb.data.totalbytrap$Date) 
== 08 &  
                                             day(xmb.data.totalbytrap$Date) =
= 27, ] 
 
day1.nov2013.CPUE <- xmb.data.totalbytrap[year(xmb.data.totalbytrap$Date) == 
2013 &  
                                            month(xmb.data.totalbytrap$Date) 
== 11 &  
                                            day(xmb.data.totalbytrap$Date) == 
13, ] 
 
CPUE.day11aug.day1nov.ttest <- t.test(day11.aug2013.CPUE$Total.Crabs, day1.no
v2013.CPUE$Total.Crabs) 
 
CPUE.day11aug.day1nov.ttest 
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##  
##  Welch Two Sample t-test 
##  
## data:  day11.aug2013.CPUE$Total.Crabs and day1.nov2013.CPUE$Total.Crabs 
## t = -7.342, df = 76.2, p-value = 1.959e-10 
## alternative hypothesis: true difference in means is not equal to 0 
## 95 percent confidence interval: 
##  -33.94 -19.45 
## sample estimates: 
## mean of x mean of y  
##     6.764    33.458 

 


