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Abstract


The largest ghost shrimp colony was found at Blackie Spit with a total area containing ghost shrimp of 7,918 m2; Little Campbell River Estuary location was 2,704 m2 and Beach Grove was 1,705 m2.  The LCRE has the highest densities of ghost shrimp in all sampling periods with the highest density in June 2008 of 9.5 animals per m2.  Beach Grove appears to be a suboptimal habitat with the lowest densities and the smallest ghost shrimp overall.  Overall, densities are substantially lower than areas in Washington and Oregon States.

The Front Beach (Crescent Beach) ghost shrimp harvest area known to harvesters in the 1970s is no longer present.  Instead, vast numbers of Abarenicola pacifica (the lugworm) populate the sediments.

Females are more abundant in the population than males with an average, year round female to male ratio of 1.7.  Throughout the year, 57% of females are larger than the average total length.  Overall, harvesters are more likely to harvest females, and larger females than average, from the population.  In the June 2008 sampling period, egg-bearing females were detected and 68% of all females sampled in Boundary Bay were ovigerous.

The length frequency histograms for female, male and the combined ghost shrimp population appear to have several modes rather than a single, distinct mode consistent with a discrete pulsed reproductive period rather than a continuous reproductive period.    


The average total length of female ghost shrimp was 5.9 cm and a minimum and maximum size of 3.1 cm and 8.7 cm respectively.  The average total length of male ghost shrimp was 6.4 cm and a minimum and maximum size of 3.5 cm and 9.2 cm respectively. 


Management of this recreational fishery would benefit by having information on the number of harvesters, the time and place where they sample.  Restrictions on the harvest of females as well as males and females larger than the average total length may assist in maintaining colonies for the benthic food web as well as the fishery.  The Beach Grove study site may be best served by restricting harvesting at that location.
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Ghost Shrimp Population Assessment and Habitat Survey in Subarea 29-8

Introduction:


Two species of shrimp are known to co-occur on intertidal mud and sand flats throughout beaches along the west coast of North America.  The ghost shrimp (commonly known as burrowing shrimp), Callianassa californiensis is recreationally harvested throughout 
Subarea 29-8.  This benthic shrimp species is an important member of the nearshore marine food web and is prey for numerous species including the Dungeness crab, Cancer magister.  


Both ghost shrimp and bivalves are important prey items for Dungeness crab.  Juvenile ghost shrimp recruit on mudflats and are preyed upon by young-of-year Dungeness crab (Feldman et al. 1997), and adult crabs likely prey on adult ghost shrimp.  Bivalves make up a large proportion of adult crab diets (Stevens et al. 1982, Smith and Langdon 1998).  Ghost shrimp and other sand/mudflat infauna are important food sources for Gray whales (Weitkamp et al 1992).

Ghost shrimp harvesting can result in two impacts of concern to maintaining important prey species for Dungeness crab.  A decrease in newly recruiting ghost shrimp will reduce the prey base for young-of-year Dungeness crab and could result in decreased recruitment of Dungeness crab juveniles to the adult population.  Ghost shrimp removal by harvesters results in an immediate decrease in their densities and for several months afterward changes in sediment porosity and water chemistry (Contessa and Bird 2004).  The changes in sediment characteristics both immediately after harvesting activity and over time also may result in a decrease in the population density of bivalves (Skilleter et al. 2005).  Also during harvesting, large volumes of sediment are left on the surface resulting in high, localized mortality of bivalve species (Skilleter et al. 2005).  Reduction in the population density of ghost shrimp has been shown to have wide-ranging implications for the near-shore food chain.  Boundary Bay is also the number one bird area in Canada and was designated as a western hemisphere shore bird reserve.  On the Atlantic Coast of Canada, declining sand piper populations have been linked to the declining abundance of mud shrimp populations.


In Subarea 29-8, which includes Boundary Bay, population abundance and distribution of intertidal benthic shrimp species have not been assessed.  Boundary Bay is an area heavily used for many recreational activities.  Due to its proximity to cities throughout the Lower Mainland, this area receives thousands of visitors in summer months.  Recreational harvest of marine resources, including ghost shrimp, is a popular activity.   In the Lower Mainland of British Columbia, ghost shrimp are removed from beaches during harvests for fish bait and other uses. Under the tidal waters recreational fishing license, recreational harvesters are currently permitted to take 50 ghost shrimp each per day.  The number of harvesters and the number of ghost shrimp removed from this region are unknown.  However, local harvesters have indicated that abundances are noticeably declining.  

 
In order to improve management of ghost shrimp resources for the diverse species living in this region as well as for recreational harvesters, a population assessment of ghost shrimp, Callianassa californiensis, was conducted in Subarea 29-8.  This information can facilitate better management of this ecologically important and recreationally harvested species. 


A map of the distribution of ghost shrimp colonies will provide a management tool for the future allowing monitoring for the presence of colonies throughout all seasons of the year.  


This study provides:
1. Information on the distribution, biomass and density per m2 of ghost shrimp within the study locations

2. population length-frequency data over four sampling events within a 12-month period.

3. information on the physical characteristics and biodiversity at each of the three study locations.
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Methods:

Mapping Ghost Shrimp Distribution:  Study Sites and Random Sectors


Study sites were chosen based on locations previously harvested by Mr. Joe Kambeitz.  


Areas of appropriate sediment and containing “show” (openings at the sediment surface belonging to bivalves, ghost shrimp, and other burrowing invertebrates) were walked and every 10 paces the ghost shrimp pump was used to score the presence/absence of ghost shrimp.  The GPS coordinate for each test pump was recorded and downloaded for GIS processing and calculation of polygons.  For study locations, data was accumulated over each of four sampling time periods as well as separate days devoted only to mapping.

Three random sectors were chosen for mapping to complement the surveys of the three known harvesting locations.  Random sectors were near study locations.
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Sampling Ghost Shrimp Density and Length Frequency

Quadrat size and the number of samples (pumps) per quadrat were determined after conducting tests at the Little Campbell River Estuary study location.  The likelihood of encountering ghost shrimp in a 0.25 m2, 0.50 m2 and 1.0 m2 quadrat and the number of pumps was recorded.  Ghost shrimp could be encountered as often and as efficiently using a 0.25 m2 quadrat and 5 pumps per quadrat as using a 1.0 m2 quadrat and 10 pumps per quadrat.  0.25 m2 quadrat and five pumps were used as a sampling standard.   A copper pump measuring 75 cm in length and 6 cm in diameter was used for all sampling.  This pump was made and donated by Mr. Kambeitz for this study. 
Random Sampling v. Stratified-Random Sampling:

Due to the qualitative assessment of preference of ghost shrimp for certain sediment and habitat attributes within the fixed study sites , two methods were tested before proceeding with sampling, a   random sampling technique and a stratified-random sampling technique within known ghost shrimp areas.  The random sampling technique consisted of plunging along a 10 metre transect tape at random metre numbers in a random location.  The stratified-random sampling technique consisted of 30 quadrat tosses within areas of preferred habitat (good sediments and the presence of burrows) and plunging.  The random sampling technique underestimated ghost shrimp density.  As a result, I used a stratified-random sampling technique for estimating ghost shrimp population parameters.
Estimating Total Density of Ghost Shrimp at each study location:

Extrapolated density is the average density per square metre (m2) of ghost shrimp  multiplied by polygon size.  Extrapolated density from total polygon size grossly overestimates ghost shrimp density as the entire one m2 of sediment surface does not contain burrows.  Burrow patchiness results in less animals present in a square metre of habitat.  The percent cover of ghost shrimp burrows per m2 of habitat (the percentage of sediment surface  per m2  visible as a burrow opening) was estimated to range from 20% (1/5 of a m2 visible as burrows) to 50% (1/2 of a m2 visible as burrows).    To create a “patchiness index” to reflect more realistic ranges in the density of ghost shrimp within each polygon, the extrapolated density was divided by 0.2 and 0.5 to reflect minimum (20% cover) and maximum (50% cover) densities. 
Length and weight:


Length was measured as the tip of the rostrum to end of the telson of living animals gently flattened along a ruler.  Weights were taken by placing an animal in a tube with water and measuring the volume of water displaced by the animal (1 ml of water is equivalent to 1 gram).  Combined ghost shrimp weights are also referred to as biomass.
Sampling Biodiversity


Three, 0.25 m2 and 30 cm deep samples were dug at each study site.  Organisms were screened through sieves to 2 mm in size.  All organisms were counted and identified to species level.
Sampling Physical Parameters


Sediments were passed through a set of standard Tyler screens for a grain size analysis.  The presence of detritus was noted.  Tide heights were calculated using information from the Canadian Hydrographic Service website.

Changes to proposed study:


Together with counting the number of ghost shrimp/m2 pumped, the number of ghost shrimp burrows within the quadrats pumped was to be counted, but this proved to be impractical.
When pumping ghost shrimp, burrows become evident as water is sucked out of adjacent chambers.  Many of these chambers extend well beyond one m2.  With successive pumping, even more connected chambers become evident.  Even with two persons available, counting the number of connected burrows either at day or at night was not feasible.  This situation was encountered by US researchers who overcame the problem by sampling areas of at least 10 m2, using sample sizes double that of this study, photographing quadrats, using several field assistants and heavy-duty equipment.  It is evident, from qualitative observations, that ghost shrimp often reside in the connecting chambers and resulting in fewer animals than the number of burrow openings. Dumbauld and Wyllie-Escheverria reported 200 burrows/m2 and 100 shrimps/m2 (2003). Also, from the extensive experiments conducted in the United States, the density of ghost shrimp/burrow openings can also change in high density v. low-density fields.  Habitat characteristics and competing infauna also affect burrow densities.  

The “typical” appearance of ghost shrimp burrows (“volcano crater”) changes due to wave exposure.  The top of the burrow is often leveled by waves causing the opening of the chamber to take on the characteristic of some bivalve show; and often the presence of ghost shrimp would be verified only after the area was pumped.  At the Little Campbell River Estuary study location, bent nose clam show (on the top of sand hills) is very similar to the appearance of ghost shrimp burrows.  However, on the side of the sand wave and near to the beach slope, ghost shrimp burrows take on the predicted appearance.  Also during the Aug/Sept and Nov sampling periods, the presence of drift vegetation often covered significant areas of sediment making it impossible to see water as it was sucked through the chambers.  All of these things considered, a large degree of inconsistency among study locations and among sampling periods made counting burrows imprecise and problematic.

Results:  
Section 1.0: Mapping the Distribution of Ghost Shrimp:
General Observations


Ghost shrimp distributions were to be mapped at four study locations and four randomized sectors in Boundary Bay.  Of the four possible study areas described by Mr. Joe Kambeitz, only three are currently populated by ghost shrimp: Boundary Bay Regional (Centennial) Park (Delta); Blackie Spit (Surrey); and Little Campbell River Estuary (Surrey); there are no significant areas of ghost shrimp near Crescent Beach (Front Beach).  The lack of ghost shrimp at Crescent Beach (Front Beach) represents the loss of “dozens of acres of shrimp” likely due to changing sediment characteristics (J. Kambeitz pers obs Jn 07).  Mr. Kambeitz noted that the direction of the sand hills was different from his experience and mapping of the area in the 1970s).  Instead of an abundance of “acres” of ghost shrimp at the Front Beach location in 2007, the presence of hectares of burrowing polychaete Abarenicola pacifica (R. de Graaf personal observation Jn 07) was documented.  As at other locations in this study, where Abarenicola pacifica dominate, C. californiensis is absent and is likely due to competition between these two burrowing species.   This study was not designed to map ghost shrimp habitat throughout Boundary Bay but instead to target key areas known historically to support harvest activities.  

Mapping of Study Locations - Overview 

The largest spatial area was Blackie Spit with a total area containing ghost shrimp of 7,918 m2;  Little Campbell River Estuary location was 2,704 m2 and Beach Grove was 1,705 m2 (Table 1.1).  The GIS data are housed on the Georgia Basin Habitat Atlas (www.cmn.bc.ca).
Study Sites:
Beach Grove, Delta, BC


At Beach Grove, ghost shrimp were found in two polygons in close proximity.  The total polygon area is 1,705 m2 (Figure 1.1, Table 1.1).  In the northern polygon, ghost shrimp densities were highest and ghost shrimp burrows were clustered close together (percent cover of burrow/m2 approximately 50%).  Within this polygon, the densities and percent cover of burrows/m2 were highest along the southern edge of the sand hill and for a small area on the top of the sand hill.  In the southern polygon, the ghost shrimp densities were less per m2 and the percent cover of burrows/m2 was less (approximately 20%).    

Blackie Spit


At Blackie Spit, ghost shrimp were found in five polygons (Figure 1.2).  Polygons were disconnected by the presence of furrows containing larger gravels as well as higher sand hills.  The combined area of all five polygons is 7, 918 m2 (Table 1.1).  Polygons are very close together and are only separated by a large furrow of large gravels unsuitable for burrowing.  All polygons had a similar density of ghost shrimp as the sediment grain size throughout this location is very similar throughout the burrowed habitat.  The percent cover of burrows/ m2 was approximately 50%.

The Little Campbell River Estuary


At the Little Campbell River Estuary site, ghost shrimp were located in five polygons (Figure 1.3).  These polygons are within metres of each other.  The combined area of all five polygons is 2,074 m2 (Table 1.1).  Polygons 1, 2, and 3 are only separated due to the presence of sand hills which break up the favoured habitat of ghost shrimp.   Polygon 1 had an unusually high density of ghost shrimp at all sampling times and the highest percent cover of burrows/m2 (approximately 50%).  Percent cover of burrows/m2 in polygons 2, 3, 4 and 5 was approximately 20%.  The combined density of ghost shrimp in all five polygons was used to calculate the average number of ghost shrimp per square meter sampled throughout the 2,097 m2 of ghost shrimp habitat.  

Mapping of Random Sectors

Three random sectors were chosen for mapping to complement the surveys of the three known harvesting locations. 


Near the Beach Grove study site, a large area 722 m by 363 (248,659 m2) was surveyed seaward of the beach community of Beach Grove (Figure 1.4).  The site was bounded on the shoreward edge by large seawalls and the intertidal flat was dominated by burrowing bivalves and Abarenicola pacifica.   One ghost shrimp was found in this location.  On walking the shoreward area of Boundary Bay Regional Park, two small areas, very close to one another, were found to contain ghost shrimp (Figure 1.5).  These sites measured 151 m x 144 m (1,706 m2) and 157 m x 288 m (20,859 m2).


Near Blackie Spit, the area known as “Front Beach”, Crescent Beach, Surrey, BC, was surveyed as well as an area near Maple Avenue.  Although originally planned as a survey site, the lack of ghost shrimp allowed these two areas to be used as random sectors (Figures 1.6 and 1.7).  The Maple Road polygon is bounded by significant shoreline alteration on the shoreward edge and by large Z. japonica beds and Abarenicola pacifica burrows on the seaward edge.  The second polygon encompassed a larger area seaward of “Front Beach” and measures 1.56 km long with an area surveyed of 70,575 m2.  It is bounded on the shoreward edge by the intertidal groins and on the seaward side by vast areas of Z. japonica and Abarenicola pacifica (the presence of Z. japonica is usually a good indicator of the lack of burrowing infauna).  Only one male ghost shrimp was detected in this entire polygon.

Southeast of the Little Campbell River Estuary, an area 133 m x 590 m (78,470 m2) was surveyed for the presence of ghost shrimp and mapped.  The “Beach Road” polygons are located on the east side of the Little Campbell River Estuary and follow the riprap line shoreward (Figure 1.8).  According to Mr. J. Kambeitz, this area was not known to him to contain ghost shrimp.  Ghost shrimp were encountered by pumping sediment areas with characteristic ghost shrimp burrows.   Although ghost shrimp were found in this area, they were widely distributed and of a low density/m2.


For future reference, a ghost shrimp harvester advised the author of another area of ghost shrimp in the upper intertidal zone slightly southeast of the last parking lot on Marine Drive at the White Rock border to Surrey and the locally named “East Beach”.

Section 2.0 Population Assessment 
Results/Discussion:  

Ghost Shrimp Densities and Biomass

Average densities (number of ghost shrimp/m2) differ among study locations (Table 1.2  and Figure 2.1).  Generally, the densities are lowest at Beach Grove, intermediate at Blackie Spit, and highest at the Little Campbell River Estuary (LCRE) during all sampling periods.  Among sampling periods, densities remain constant between Aug/Sept 07 and Nov 07 and increase in the Feb 08 and June 08 samples with the exception of the LCRE site.  For all study locations, densities are highest in June 08.  Overall, Beach Grove has the lowest densities over all sampling periods relative to the other study locations.  Obviously biomass is correlated with density and biomass estimates follow the same trends as density estimates (Figure 2.2).  
Ghost Shrimp Biomass (Weight)

Female biomass was different both among study locations and among sampling periods (Figure 2.3).  Females at Beach Grove were the smallest (average of 2.6 g) followed by LCRE (average of 4.3 g) and the largest at Blackie Spit (average of 4.7 g) (Wilcoxon Kruskal Wallis X2 (3, 0.05)=25, p<0.001).   Females were statistically significantly larger in June 2008 averaging 4.8 g with average weights in other sampling periods being similar to each other (Aug/Sept 07 of 3.6 g, Nov 07 of 3.4 g and Feb 08 of 3.5 g) (Wilcoxon Kruskal Wallis X2 (3, 0.05)=26.5, p<0.001).  

Male biomass was different among study locations but was not different among seasons (Table 2.1, Figure 2.4).  Males were smallest at the Beach Grove location (average of 2.8 g (STDV 1.2), at LCRE (average of 4.5 g (STDV 2.0)), and the largest at Blackie Spit (average of 7.9 g (STDV 3.5))(Wilcoxon Kruskal Wallis X2(2, 0.05)=47.6, p<0.001.  Male weights did not differ among sampling periods (Aug/Sept 07, 5.9 g; Nov 07, 4.3 g; Feb 08, 5.5 g; June 08, 6.2 g).  (Wilcoxon Kruskal Wallis X2(3, 0.05)=4.4, p=0.22).

Females weighed an average of 4.1 g significantly less than male ghost shrimp at an average of 5.6 g (T-test=-4.7, p<0.001).

The increase in average June 2008 biomass is likely due to both increased densities as well as the high percentage of egg-bearing females (Table 2.2).  
Population Density Estimates:


Using density and biomass average estimates, the total number of ghost shrimp at each study location was extrapolated to produce three estimates of density at each location, as described in the methods section of this report.  Using these estimates, consideration of the number of harvests should be examined (Table 1.1).  The daily limit for each harvester is 50 animals.  In June 2008, the densities at all three sites were at their highest. Combining all of the three sites, in June of 2008 and applying the minimum and maximum patchiness indices, 242.5 – 609 harvests could seriously impact or perhaps eliminate the local population of ghost shrimp at these three popular harvest locations in Boundary Bay.  At each site, in June 2008, using the minimum and maximum density of animals (20% and 50% cover patchiness index), at the LCRE, 102 and 257  harvests; Blackie Spit, 126 – 316 harvests; and Beach Grove 14.5 – 36 harvests could seriously impact or perhaps eliminate ghost shrimp at these locations.     


The sampling period with the lowest densities of ghost shrimp among most of the study locations is August/September 2007 (Figure 2.1).  Combining all of the three study sites in Aug-Sept 2007 and again using minimum and maximum patchiness indices, 67 – 168 harvests could seriously impact or potentially eliminate the resource.  Beach Grove has the lowest densities and smallest of animals.  At Beach Grove, In Aug-Sept 07, the densities of ghost shrimp (using minimum and maximum patchiness indices) could sustain 2 – 5.5 harvests of 50 ghost shrimp/harvest and even at the highest densities recorded in June 2008, only 14.5 – 36 harvest events.
Ghost Shrimp Female/Male Ratios 


Overall 12 months, the sex ratio was skewed to females with an overall ratio of females to males of 1.7 (Table 2.1).  The overall average sex ratio at each study location was 1.4 (Beach Grove), 1.1 (Blackie Spit), and 2.5 (Little Campbell River Estuary).  In June, at all study locations, the ratio of females to males was the highest 2.75 (Beach Grove), 1.1 (Blackie Spit), and 4.0 (Little Campbell River Estuary).

Percentage of Ovigerous Females:

The presence of egg bearing (ovigerous females) was detected in June 2008.  The Beach Grove study location had the lowest number of ovigerous females (27.3 %) relative to Blackie Spit (83.6%) and LCRE (93.75%) (Table 2.1).  The overall average was 68.2% of females in June were egg bearing.

Size of ovigerous females over all sites ranged from 3.5 – 7.6 cm with an average size of 6.2 cm. (Table 2.2).  The smallest ovigerous female was found at the LCRE study location and the largest at Blackie Spit.
Total Length:
Female Ghost Shrimp


The average total length of female ghost shrimp was significantly different among study location and among sampling periods.


Combining sampling periods, the average total length of females was different among study locations with females being the smallest at Beach Grove (average 5.2 cm), and LCRE (average of 6.0 cm) and Blackie Spit (average of 6.1 cm) (Wilcoxon K-W Test X2 (3, 0.05),
 p<0.0009) (Figure 2.5; Table 2.1).


Combining females by study location, female average total length was significantly different among sampling periods with the largest females being present in Feb 08 ( 6.1 cm) and June 08 (5.9 cm) (Aug/Sept 07, 5.5 cm; Nov 07, 5.7 cm). (Wilcoxon K-W Test X2 (3, 0.05),
 p<0.0009).  Combining all data sets, the average size of females was 5.9 cm.

Male Ghost Shrimp


The total length of males was different among study locations with the males being similar in length at Beach Grove (5.4 cm) and LCRE (6.0) but significantly larger at Blackie Spit (7.2 cm) (Wilcoxon Kruskal-Wallis test X2(2, 0.05) = 40.5, p<0.001).  


Average total length of male ghost shrimp at each study location did not vary with sampling period.  Average total lengths were:  Aug/Sept 07 (6.5 cm), Nov 07 (6.2 cm), Feb 08 (6.4 cm), and June 08 (6.4 cm) (Wilcoxon Kruskal-Wallis test X2(3, 0.05) = 1.34, p=0.72)

 Female v. Male Ghost Shrimp


After combining all data sets, male ghost shrimp (average 6.4 cm) were significantly larger than females (5.9 cm) (T-test -4.0, p<0.001).
Study Location Analysis


Combining all shrimp (males and females) as well as sampling periods, animals were largest at Blackie Spit (average 6.7 cm), followed by Little Campbell River Estuary (5.9 cm), and animals smallest at Beach Grove (5.3 cm) (Wilcoxon Kruskal-Wallis Test X2 (2, 0.05)=48.6, p<0.0001)

Length Frequency Analysis:


The length frequency histograms for female, male and the combined ghost shrimp population (Figures 2.7, 2.8 and 2.9) appear to have several modes rather than a single, distinct mode consistent with a discrete pulsed reproductive period rather than a continuous reproductive period.  The reproductive period for ghost shrimp is reported to be from June – July (MacGinitie 1935).
Combining all data sets, the average length of female ghost shrimp was 5.9 cm and 42.5% of the population was less than or equal to this size.  Over 12 months, harvesters would have a 57.5% chance of harvesting females larger than average size (Figure 2.7).  Combining all data sets, the average length of male ghost shrimp was 6.4 cm, harvesters would have a 54% chance of harvesting males larger than average size (Figure 2.8).

In Aug/Sept 07 the average size of female ghost shrimp was 5.5 cm and 40.5% of the population was less than or equal to this size.  Harvesters would have an 59.5% chance of harvesting females larger than average (Figure 2.10).  For males in Sept 07, the average length was 6.5 cm and harvesters would have a 47% chance of harvesting males larger than average (Figure 2.11).


In Nov 07, the average size of female ghost shrimp was 5.7 cm and 53% of the population was less than or equal to this size.  Harvesters would have a 47% chance of harvesting females larger than average size (Figure 2.12).  For males in Nov 07, the average length was 6.2 cm and harvesters would have a 52% chance of harvesting males larger than average size (Figure 2.13).

In Feb 08, the average size of female ghost shrimp was 6.1 cm and 48% of the population was less than or equal to this size.  Harvesters would have a 52% chance of harvesting females larger than average size (Figure 2.14).  For males in Feb 08, the average length was 6.4 cm, and harvesters would have a 55% chance of harvesting males larger than average size (Figure 2.15).

In June 08, females averaged 5.9 cm and 40% of the population was less than or equal to this size.  Harvesters would have a 60% chance of harvesting females larger than average size  (Figure 2.16).  For males in June 08, the average length was 6.4 cm and harvesters would have a 54.5% chance of harvesting males larger than average size (Figure 2.17).  In June 08, ovigerous females averaged 6.2 cm in length and 56.5% of ovigerous females are larger than the average size (Figure 2.18).  In June, harvesters would have a 56.5% chance of harvesting ovigerous females larger than the average size (Figure 2.18).
Discussion Section 2.0:

The ghost shrimp densities present at Boundary Bay are much lower than densities reported in US studies.  Population densities in Yaquina Bay, Oregon were estimated at 700-1,400 m2 (McCrow 1972); 420 – 770/m2 in Sand Lake Estuary Oregon (Bird 1982); less than 300/m2 in other Oregon coast areas (Bird 1982); and 100/m2 in Willapa Bay, Washington (Dumbauld and Wyllie-Escheverria 2003).  

Managing harvest of ghost shrimp relies on the application of basic population parameters.  Densities of animals varied among sites but were highest in February and June 2008.  While more animals may theoretically provide greater harvest opportunities, other parameters are important to consider.  Protecting females and reproductive females is a primary consideration, and is an important management tool for the Boundary Bay Dungeness crab fishery.  Female ghost shrimp are sexually mature at less than 3 cm in length (Horning et al 1989).    Larger females carry more eggs and these females contribute more to the recruitment of individuals to the population.  The loss of large females may lead to a reduced prey base for Dungeness crabs as well as decreased energy to the benthic food web.  Removal of larger animals can shift population sizes to smaller animals as has been seen in commercial fish species due to reduced genetic variation.  

 
Throughout the year, females are more abundant than males (overall F/M ratio of 1.7).  Over the 12 months of this study, 57% of females were larger than average size.  Harvesting at anytime of the year results in removal of more females than males and larger than average females.

Total length frequency analysis revealed that during this study, larger than average females are more likely to be harvested in Aug/Sept 07 and  June 2008 as 60% of females were larger than average size.  In June 2008, 68% of females were carrying eggs.  In Nov 07 and Feb 08, harvesters have a 50/50 chance of harvesting females larger than average.  Harvesting in June (when females are carrying eggs) and Aug/Sept may negatively impact the survival, recruitment and density of the Boundary Bay ghost shrimp population more relative to November and February.


Management of the recreational ghost shrimp harvest in Boundary Bay should consider measures to protect large individuals, both male and female.  Harvesters could be asked to return females and larger animals to the colonies.  Also, further sampling to determine the time interval of egg-bearing females would improve the development of management policies.  

As ghost shrimp population parameters varied among study locations and among sampling periods, it may be necessary to regulate the harvest based on site differences as well as temporal differences.  The Blackie Spit and Little Campbell River Estuary sites support the greatest density of and largest ghost shrimp relative to the Beach Grove site.  The Beach Grove site does not provide enough animals to support significant harvests. As well, at Beach Grove, animals were significantly smaller.  Resources available to ghost shrimp may be lower at Beach Grove and this site may be a sub-optimal habitat.  Beach Grove may be best served by excluding it from recreational harvest.


Managers may benefit from knowing the how many individuals are harvesting ghost shrimp as well as the locations and timing of their activities.   


The life span of ghost shrimp is reported to be 3-5 years (Bird 1982) and reproductive females found in late June and early July (MacGinitie 1935).  Average total lengths of ghost shrimp in this study were within that reported (MacGinitie and MacGinitie 1968).  

Section 3.0  Biodiversity


Eleven species were found in total (Figure 3.1; and Table 3.1).  Both Blackie Spit and Beach Grove had 8 of the 11 species and Little Campbell River Estuary (LCRE) had only 4 species present.  Beach Grove and LCRE had the highest abundances of animals  per m2 (143 and 124 respectively) and Blackie Spit with only 33 animals per m2 (Figure 3.1; Table 3.1).  The dominant infauna at the LCRE is the varnish clam.  The dominant infauna at Beach Grove and Blackie Spit is the Battilaria snail and this is consistent with the presence of muddy substrate which is absent from the LCRE study location.  The sediments at Blackie Spit and Beach Grove were more heterogeneous than those found at the LCRE study location, and the increased complexity of sediments may contribute to higher species diversity.  As well, LCRE has the highest density of ghost shrimp/m2 and the burrowing activity of these shrimps is known to limit the presence of some infauna (Posey et al 1991).

Burrowing infauna such as shrimp species are known to limit the presence of bivalves.  High bioturbation rates of ghost shrimp can preclude some species due to physical burial of bivalve siphons and changes in sediment grain size and pore water retention (porosity) (Nowell et al 1981).  Deposit feeders such as lugworms (Abarenicola pacifica) and some bivalves can exclude suspension-feeding bivalves (Posey 1986). 
Section 4.0 Physical Habitat Characteristics 

Habitat characteristics in Boundary Bay are consistent with that reported in Oregon (Bird 1982).

The Study Sites:

Beach Grove, Delta, BC

The study site at Beach Grove/Boundary Bay Regional Park (BBRP), Delta, BC lacks the sand-wave feature of the Little Campbell River study site except for its northern edge which borders a sand hill.  This large sand hill and perhaps the outfall pipe at the end of the BBRP dyke may combine to limit the presence of ghost shrimp on the northern side of  this feature.  On the northern side of this sand hill, the intertidal flat is dominated by burrowing annelids which may limit the distribution of ghost shrimp.  Where ghost shrimp were found, the beach slope is approximately 4-5 degrees.  The distribution of ghost shrimp is limited to a small spatial area bounded by riprap and dyking along the shore and a vast area of burrowing polychaetes (Abarenicola pacifica) seaward to the Z. marina bed located seaward.  


Both polygons were located at intertidal heights of +1.3 – 3.2 m (Table 4.1)  Sediment grain size was predominately of medium sand grains (Table 4.2).  In the northern polygon, the sediments were mainly sand and well drained due to the presence of a sand hill (Figure 1.1).   In the southern polygon, the sediments contained a larger portion of mud and pore water was more significant relative to the northern polygon.  

Blackie Spit, Crescent Beach BC


Blackie Spit is not  dominated by sand waves and is a wave-protected bay abutting the sandy spit area.  Here the slope of the beach is approximately 10 degrees and the study site is bounded shoreward by a hardened parking lot and seaward by a dredge channel and Z. marina beds.  Within the study area, ghost shrimp distribution is limited by the presence of larger gravels patches in some areas of the intertidal and Z. marina beds growing within the dredge channel.  


All polygons were located within the intertidal heights of +1.3-2.9 m (Table 4.1, Figure 1.2).  Sediment grain size was predominately coarse sand with some small gravel and shell mix (Table 4.2).  The sediments had a high content of decaying Zostera marina and Zostera japonica as well as ulvoid algae.  This resulted in patches of muds with high sulfide content.   
The Little Campbell River Estuary (LCRE)

The Little Campbell River Estuary site is a sand-wave dominated, intertidal sand flat and sediment conditions are heavily influenced by seasonal wind conditions.  Large inputs of seagrass and seaweed detritus is evident throughout the year and are an important food source to infauna.  


All polygons were located within the intertidal heights of +1.8-3.3 m (Table 4.1, Figure 1.3).  Sediment grain size was predominately that of pure sand (Table 4.2) unlike the Beach Grove and Blackie Spit study sites.  At the LCRE site, sand waves were evident.  As predicted by Mr. Joe Kambeitz, ghost shrimp were rarely found on the seaward edge of a sand hill or at the highest point of a sand hill.  Ghost shrimp appear to prefer the shoreward edge of sand hill and the small tidal ponds that fill between sand hills as these areas concentrate detrital seagrasses and seaweeds which are an important food source for ghost shrimp.  Ghost shrimp distribution is confined to a narrow area near the upper intertidal beach slope.  Ghost Shrimp distribution does not fall below +1.8 m above chart datum although the seaward extent of suitable sand flat is extensive.  
Table  4.1:  Tide Heights of Study Sites:

	
	Intertidal Range of Ghost Shrimp Burrows
	

	
	Minimum (metres)
	Maximum (metres)

	Beach Grove
	+1.3 m     
	+3.2 m

	Blackie Spit
	+1.3 m
	+2.9 m

	Little Campbell River Estuary
	+1.8 m
	+3.3 m


Table 4.2 :  Grain-Size Analysis of Study Locations:
	
	Grain Size Analysis (% of Wet Weight) By Grain Size Category
	
	
	
	

	Location
	1-3
	4
	5
	6
	7

	Beach Grove
	(3)10%
	
	45%
	35%
	10%

	Blackie Spit
	(2)5%; (3)15% 
	
	25%
	45%
	10%

	Little Campbell River Estuary
	
	
	15%
	25%
	65%


Sediment Grain Size Analysis – Gravel to Sand

(1) coarse: 64 - 32 mm gravel; (2) coarse:  32 – 16 mm gravel; (3) fine:  16 – 4 mm gravel; (4) fine:  4 – 2 mm gravels); (5) coarse sand:  2  - 0.5 mm; (6) medium sand:  0.5 – 0.25 mm; (7) fine sand:  0.25 – 0.063 mm.
Recommendations:
The goal of this survey was to provide data to inform the recreational harvest in Bounday Bay.  From all of the data acquired the following recommendations can be made:

      Site Specifics:

1. Blackie Spit has the largest spatial area of ghost shrimp colonies and the lowest patchiness index (there are more colonies/m2 relative to the other study sites).

2. The largest and most numerous animals are found at the Blackie Spit and Little Campbell River Estuary study locations.
3. The Beach Grove location may not be suitable for recreational harvests as population densities are very low and the spatial area is small, population densities are low, and the smallest animals occurred at this site.  

4. As ghost shrimp population parameters varied among study locations and among sampling periods, it may be necessary to regulate the harvest based on site differences as well as temporal differences.  
Population Dynamics:
1.
Females were found to be bearing eggs only in the June sampling.  However no data exists 
for March, April, May, and July.

2.
Overall, female abundance exceeded males at least 1.7:1.  Females, being more numerous 
than males, will be disproportionately harvested and this may affect the population 
numbers as female reproductive output throughout their lives is important to the 
recruitment phase of population abundance.  Harvesters have a greater chance of extracting 
larger females throughout the year as 57% of females are larger than the average size.   
Harvest limits in reproductive months, such as, June should consider these 
particular population dynamics. 
      3.  
Management of the recreational ghost shrimp harvest in Boundary Bay should consider 
measures to protect large individuals, both male and female.  Harvesters could be asked to 
return females and larger animals to the colonies.  Also, further sampling to determine the 
time interval of egg-bearing females would improve the development of management 
policies.  
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Ghost shrimp burrow and 0.25m2 quadrat.  Credit: RC de Graaf





Combined Male Average Length:  6.4 cm





Joe Kambeitz with his ghost shrimp pump.
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