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A.l Sorting Sieve Calibration

Calibrations were completed for the four sets of sorting sieves
that were used to live-sort sand crabs into size categories. Each set,
made up of 18 sieves, was color coded black, blue, green or red. The
calibration procedure involved measuring animals retained on each sieve
of a set and comparing the variability between the sieves. The methods
used for this procedure are discussed below.

Animals collected with sleds or with shovels during the three
surveys were used for the calibrations. The animals were sorted live in
the field through the four sets of color-coded sieves. Animals retained
on each of the 18 sieves comprising a sieve set were kept separate,
preserved in formalin, and returned to the laboratory. A technician
randomly selected five preserved animals from a jar that corresponded
to a color-coded sieve size and measured the animals. The longest
carapace length was measured to the nearest tenth of a millimeter with
calipers (Figure A-1). Animals were then returned to the jar. This
procedure was repeatéd for each sieve size for each of the four sieve
sets. The entire procedure was independently performed by five
technicians. |

The mean length of animals retained on the 18 sieves (numbered from
20 to 3) for each sieve set was calculated (Table A-1). A total of 25
measurements (5 technicians x 5 measurements) were used to compute the
mean values. The number of observations were less than 25 in three
cases (i.e. blue sieve 16, blue sieve 3, and green sieve 3) because
animals of those sizes had been damaged during the calibration
procedure, and there were no animals to replace them.

The difference in mean carapace length between adjacent sieves

ranged between 0.6 and 1.7 mm with the following exceptions. The




difference in mean size of animals retained on sieves 19 and 20 was
greater than 2 mm for the green and red sieves because several extremely
large (>23 mm) individuals were captured on sieve 20.

Measurements by each technician for each sieve of the four color-
coded sieve sets were examined using a three-way factorial ANOVA (Table
A-2). The results indicated a highly significant (P < 0.0001) sieve
color by sieve size interaction, as well as sieve color by technician
interaction, but no sieve size by technician interaction. The
significant interaction term containing color and sieve size indicates
that estimates of size of sand crabs must take into account the set of
sieves used to sort them.

The relationship between animal size and sieve was examined for
each sieve set using linear regression (Fig. A-2). The resultant
equations for the sieve sets are as follows:

Black sieves, carapace length (mm) = .983 (sieve #) + 1.723;

Blue sieves, carapace length (mm) = 1.036 (sieve #) + 1.379;

Green sieves, carapace length (mm) =1.028 (sieve #) + 1.290; and

Red sieves, carpace length (mm) = 1.068 (sieve #) + 0.988.

Wenner's (1982) equation with an equivalence between his tub (=
sieve) numbers (64's of an inch) and MEC's sieve numbers (32's of an
inch), is as follows:

Carapace length = .526 (2)(tub#) + 1.05 (see MEC July Quarterly Report).

Wenner's equation is most similar to the MEC equation ifor red
sieves. The variation in size predicted by Wenner's equation and MEC's
equation for the red sieve is within three tenths of a millimeter (Table
A-3). The other MEC equations predict sizes within 0 to 7 tenths of a

millimeter, depending on sieve size, of Wenner's equation.
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The measurements of the animals from the sieve calibration
procédure rather than values estimated from the regression equations
were considered the best estimators of size for animals sorted with the
sieve sets. The means of the measured lengths of animals from sieves of
a color-coded set were incorporated into the data base establishment
program. Raw biological data entered in the data base by sieve color and
sieve number were equated to the appropriate length (mm) during the data

base establishment.

A.2 TFolsom Splitter

The accuracy associated with splitting sand crab samples was
investigated for ten samples having eighty of more crabs. Samples were
split in half and the number of crabs (N) that were retained in each side
of the splitter was recorded. Thé mean (x), standard deviation (SD),
and coefficient of variation (CV = s/x) were calculated (Sokal and
Rohlf, 1981). The coefficients of variation in the number of crabs
between sides of the splitter ranged from O to 167%; the mean

coefficient of variation for the ten samples was less than 10% (Table A-

4).
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Table A-2. Results of a three-way factorial ANOVA of sieve calibration

data.
-
. Source
l of
] Variation df SS MS F P
[ Color 3 17.25 ~ 5.75
i Sieve 17 50783.70 2987.28
Technician 4 8.29 2.07
[ Color x Sieve 51 171.50 3.36 8.89 0.0001%*
. Color x Technician 12 21.53 1.79 4.74 0.0001*
Sieve x Technician 68 24.18 0.36 0.94 0.6156
Color x Sieve x Technician 204 67.33 0.33 0.87 0.8921
l Error 1436 543.03 0.38
* P < .0001
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Table A-3. Comparison of carapace lengths (mm) for each sieve size as
predicted by MEC and Wenner (1982) regression equations.

Mean Carapace Length (mm)

MEC Equations for color-coded sieve sets Wenner's
Sieve ‘ Black Blue Green Red Equation
20 21.4 22.1 21.8 22.3 22.1
19 20.4 21.1 20.8 21.3 21.0
18 19.4 20.0 19.8 20.2 20.0
17 18.4 19.0 18.8 19.1 18.9
16 17.4 18.0 17.7 18.1 17.9
15 16.5 16.9 16.7 17.0 16.8
14 15.5 15.9 15.7 15.9 15.8
13 14.5 14.8 14.6 14.9 14.7
12 13.5 13.8 13.6 13.7 13.7
11 12.5 12.8 12.6 12.7 12.6
10 11.5 11.7 11.6 11.7 11.6
9 10.6 10.7 10.5 10.6 10.5
8 9.6 9.7 9.5 9.5 9.5
7 8.6 8.6 8.5 8.5 8.4
6 7.6 7.6 7.5 7.4 7.4
5 6.6 6.6 6.4 6.3 6.3
4 5.7 5.5 5.4 5.3 5.3
3 4.7 4.5 4.4 4.2 4.2
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Table A-4., The number (N) of animals that resulted from splitting ten
sand crab samples in half with a Folsom plankton splitter.

SAMPLE N(SIDE 1) N(SIDE 2) MEAN SD CV (%)

1 209 246 227.5 26.1630 11.5002
2 70 81 75.5 7.77882 10.3022
3 84 79 - 81.5 3.5355 4.,3381
4 172 170 171.0 1.4142 0.8270
5 45 36 40.5 6.3640 15.7135
6 38 42 40.0 2.8284 7.0711
7 53 43 48.0 7.0711 14.7314
8 53 51 52.0 1.4142 2.7196
9 60 60 60.0 0.0000 0.0000
10 63 57 60.0 4.2426 7.0711

mean CV = 7.4274

g




Figure A-1. Dorsal aspect of the thoracic carapace of the sand crab,
Emerita analoga. Horizontal lines indicate the portion
that was measured to determine the carapace length.
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B.l

1)

2)

3)

Sand Crab Survey 1 (11-15 June 1983)

Note beach characteristics on field sheet. Make a note of
your beginning/ending study site landmarks on the first
survey.

Beach length and wave height are estimated; wave frequency
is timed. Wave height is based on the trough to crest
height when the waves break.

The start and end points of the sampling area should be 30-
100 meters away from any obstacle (pier, creek etc.) and 100
m away from the source of any bright lights.

WAIT UNTIL THE SUN HAS SET AND THE TIDE IS EBBING - The
earliest possible sampling time will be estimated at the lab
and provided on your field sheet. The field leader will
wait for the sand crab patch width to contract to less than
6 meters or until 1.5 hours have elapsed since the earliest
possible sampling time.

(Note: If your have lots of time between your arrival and
the Beach walk described in Step 3, you should place the
sample location stakes at the ©positions liste omn the
Randomly Selected Sites: Positioning sheet. See below for
techniques.)

BEACH WALK - Walk the length of the study area, one person

above the patch area, the other below it, recording the
locations and sizes of patches of sand crabs and rock/pebble
patches on graph paper. Try to keep to the scale provided

but don't attempt excessive detailing which might consume
time.

NOTE: You are taking meter-long strides to keep track of
where you are on the beach.

‘RANDOMLY SELECTED SITES: POSITIONING

Carry your site stakes while you are walking. On your way
back to the starting point place these stakes at the 9
preselected sampling sites as noted on your field sheets.
Use the “Paces from 500" column to get the number of paces

to count off from the end position.

If one of the sites falls on a cobble stretch, replace it
with the first number from the list of additional sites.
All unacceptable sites are replaced as they occur. The new
site numbers are listed in the "New Site” column of the
"Positioning”™ sheet.

When your have 9 acceptable sampling sites, reorder thenmn,
serially from zero on the Positioning sheet and transfer
this 1list to the "Randomly Selected Sites: Description”
sheet.




4)

5)

6)

SAMPLE SITE- Go to sample site and describe it for sand crab

patch length, width and portion of patch sampled - edge,
middle, between patch, giving distances from the patch
edges. If the sand crabs form a continuous band, state so

and describe the band for 5 meters on either side of the
tow.

START SAMPLING ANIMALS

Start 1/2 meter below the low edge of patch or in area
exposed by a withdrawn wave if there is no patch or if there
is no lower edge to the patch. Note: if animals
sporatically occur down to wave edge, try to define ¢the
point where 90%Z of the animals are higher on the beach and
use that boundary as your lower edge.

Tow towards the berm for the length of the net.

Pull the sled as quickly as you can without pulling the sled
out of the sand. The sand will <clog the m@mouth of the
sampler when the tow 1is complete.

If the band 1is wider than the bag length, a second tow must
be taken. This tow will start at the position where the
first tow ended (plant your sled in the sand to mark the
spot after the first tow) at least 2 meters up or down the
beach from that tow line. Measure and record the distance
of the second tow.

Never walk on the area you are about to sample and minimize

the amount of light shone on this area.

Rinse sand out of the bag and take bage with you.
Leave stake at sampling site.

TAKE CHEMISTRY SAMPLES THREE PREDETERMINED TOW SITES ONLY
These sites will be noted on your “"Sampling” field sheets.
(The nine tow sites have been divided into three groups of
three - three "triads”. There is one chemistry site in each
of these triads.)

A) Sand samples- taken from mid-tow area, one meter away
from tow line. ‘
Use specimen cups to take FOUR sand samples (as cores).
Cap and label outside of cups and caps with:
Beach name
Date
Site letter
Sample type
place sample in ice chest

Use glass bottle for ONE sand sample. Label as above.
These samples will not be taken on the first survey.
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7)

8)

B) Wave-wash samples - these samples will be taken after you
have processed the animal samples. Directions will be given
in this protocol. '

Describe each sample site area for 1) beach width (estimated)
2) beach slope (measured with level line) - if beach has two

distinct slopes measure both of them 3) cobble on the wet

sand, in the wave break and in knee-deep water (outgoing

wave) and 4) temperature of water in knee-deep Wwater

(outgoing wave).

Proceed to animal processing area. Get sieves and jars
from truck - while you are at the truck put on dry ice those
chemistry samples which require freezing.

PROCESS ANIMALS THROUGH SIEVES 20 - 3

Each site is processed separately.

There are no buckets 1l and 2.

Stack buckets sequentially, #20 (largest holes) on the top.
Sieve animals.

Fill in zero counts on Sand Crab Tally Sheet - preserved
Fill in counts for buckets 11-20.

Animals from all buckets will be preserved separately by
bucket 1in glass jars and returned to the laboratory. Use
labels prepared in lab. Prepare the 10% Formalin solution at
your processing area by pouring half of the Formalin (in the
one gallon carboy) into the 5 gallon carboy then filling the
5 gallon carboy with sea water.

Using the "Sand crab tally sheet” keep track of the number
of individuals preserved from buckets 11-20. We want to end
up with at least 300 of these individuals preserved from
the entire beach; at least one hundred from each of the
three-site triads. ‘

If not enough animals were sampled, return to site areas
(i.e., triad) that provide low numbers and dig for more
animals. Screen these animals through buck #11 and preserve
each triad area separately from the towed samples.

LIVE ANIMALS

From each three-site triad area we want 30 females
(approximately ten per tow site) with bright orange eggs
from buckets 1i-15 brought back alive. Go to the first

area, find a patch of large animals, gently shovel them out,
screen the shovelful through buckets 16 (top) and 11
(bottonm). Select for smaller individuals.

When you have 30 undamaged females with orange eggs, Pplace
them in a wet laundry bag and fill out the red I.D. tag with
Beach, Triad Area and Sample Time. Gently stow this bag in
one of the “"Live"” containers provided for this useage and
this useage only. Proceed to next triad area and find
thrity more females as above.

Do same for third triad area,

B-3




10) TAKE WAVE WASH SAMPLES AND PROCESS THEM

Seston sample taking:

1) Fill «the large, rectangular opaque bottle with ocean
water from slack waer that is approx. one foot deep.

2) Allow sand 1in large bottle to settle for 30 seconds
before carefully decanting water into smaller “triad bottle™.
Fill to overflowing.

3) Rinse large bottle and repeat procedure for each of next
tow triads. '

4) Fill large bottle from anywhere along the study beach.

5) Smaller bottles will be filtered in the field. Large
bottle will be chilled and not filtered.

Chlorophyll sample taking:

1) Fill two scintillation vials marked "Sampl I (A, F or H)"
and "Samp 2 (A, F or H)" to the top from slack water approx. one
foot in depth. Cap the vials.

2) Both samples from each triad will be combined <to be
filcered as one.

3) The chlorophyll/phaeophytin sample will be filtered after
the seston sample.

SESTON Filtering in the Field:

1) Use a preweighed GFC Filter in a numbered petri dish for
the seston filtering.

2) Remove the top piece of the filter holder.

3) Wet the glass frit with distilled water.

4) Note the number on the petri dish in the log and remove
the GFC filter to the wetted frit with the flat bladed Millipore
forceps. Do not touch the filter with your hands!

5) Be careful to center the filter, apply vacuum and clamp
or screw on the top part of the filter holder.

6) Filter the contents of bottle #1 with vacuum less than 15

inces Hg. Bottle #1 holds 200 ml. and the filtering apparatus
does not. BE CAREFUL when pouring the sample into the filter
holder. Swirl <the contents prior to pouring the last of the

sample water into the filter holder.

7) Turn pump off and break the vacuum. Reestablish setup.

8) Add 2.5-5.0 ml. distilled water to rinse the filter,
briefly apply suction to remove excess water. Repeat.

9) With the suction on, remove the filter funnel and rinse
the edge of the filter with a few drops of distilled water. Suck
off excess water.

10) Break the vacuum and remove the filter with the flat
bladed Millipore forceps. Put filter in numbered petri dish it
came from.

11) Petri dish goes into a Ziploc bag and onto dry ice.

NOTE: You have only one spare preweighed filter.

INPORTANT: The vacuum system does not have a water trap ¢to
protect the vacuum pumps. Empty the flasks after each filtering.
Save <the last flask - it will be used for the chlorophyll filter

rinse.
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CHLOROPHYLL/PHAEOPHYTIN FILTERING IN THE FIELD

1) Each ch. sample consists of 2 scintillation vials of sea
water (approx. 50 ml.) labelled "Sampl | (A, H or F)" and "Samp 2
(A, H or F)".

2) Remove the filter funnel and wet the glass fritc
(distilled water).

3) MILLIPORE AA membrane filters will be used for the chl.
samples. Each filter is between two blue wax papers. Remove the
white membrane filter and center it on the wetted glass frit.
The blue wax paper will curl up as it is wetted and can be
removed. Be sure that there is no blue waxed paper when you are
trying to filter. -

4) While applying suction, replace and clamp the filtering
funnel.

5) Filter water from both scintillation bottles (1 & 2) from
the chemistry triad using a vacuum less than 15 inches of Hg.

6) Rinse the funnel with 2-5 ml. of the FILTERED SEA WATER
FROM THE SESTON PROCEDURE or do not rinse at all. DO NOT  use
distilled water. :

7) Suction off excess water. Remove the filter funnel and
break the vacuum.
8) Remove the filter to the appropriate prelabelled

scintillation vial which contains 10 ml. of acetone. Secure the
cap, shake the vial and place the vial in the dry ice cooler.

IMPORTANT: As much as is practical, keep the sample in
reduced light throughout its handling.

11) Return to truck with the samples firsct.

Fill a "live” carboy with seawater to be brought back to
lab.

Rinse the gear to at least remove excess sand. If there 1is
fresh water available, use it.

Stow the rest of the gear and come home.

KEEP THE LIVE ANIMALS AS FAR AWAY FROM THE PRESERVED SAMPLES
AND THE PRESERVATIVE AS POSSIBLE.

B-5




B.2 Sand Crab Survey 2 (30 June-3 July 1983)

1) Note departure time under “"Survey Duration”.
Note beach characteristics on  field sheet. Use the
beginning/ending study site landmarks as defined on the
first survey.

Wave height is estimated; wave frequency is timed. Wave
height is based on the trough to crest height when the waves
break.

(The start and end points of the sampling area should be 30-
100 meters away from any obstacle (pier, creek etc.) and 100
m away from the source of any bright lights.)

2) WAIT UNTIL THE SUN HAS SET - the earliest possible sampling
time will be estimated at the lab and provided on your field
sheet. The field leader can wait for the sand crab patch
width to contract to less than 6 meters or until 1.5 hours
have elapsed since the earliest possible sampling time.

3) BEACH WALK - Walk the length of the study area, one person

above the patch area, the other below it, recording the
locations and sizes of patches of sand crabs and rock/pebble
patches.

NOTE: You are taking meter—~long strides to keep track of
where you are on the beach.)

Each new patch begins a new line on the BEACHWALK sheec.

RANDOMLY SELECTED SITES: POSITIONING

Carry your site stakes while you are walking. Mark the
patches as you encounter them on your beachwalk if there are
only a few patches on your beach.

When you are through with your beachwalk tally up the number
of patches and interpatches in your study area.

££ there are five or more patches on the beach, use your
random number table to select four patches out of the total
available and then two non~cobble interpatches out of the
total available for sampling.

If there are four patches, sample all four and randomly
select two interpatch areas for sampling.

If there are 1less than four patches, refer to the
Contingency Flow Diagram for what to do.

To use the random number table: make a blind stab at the
table to select your first number-~the digits at the right
end of the block are the ones you are interested in. Work
your way down the column, keeping the numbers that fall
between one and the maximum allowable (as defined either by
the number of patches or the number of interpatches.) For
example: there are 25 patches on the beach, your finger ends
up on “47448", 48 is too large, the next number is "927177,
and 17 is acceptable, next is "92312", and 12 is acceptable,
as is 05 from "63105" and 11 from "66711".

B-6
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4)

5)

SAMPLE SITE- Go to sample site and if the patch has changed
dinensions noticeably since the mapping, pace the length of
the patch (or interpatch). Using the random number table
and the length (number of paces as your maximum number),
select the position in the patch (or interpatch) to be
towed. You must be at least one pace away from the edge of
your patch (or interpatch). Describe the patch (or
interpatch) for 1length, width and portion of patch (or
interpatch) sampled - in paces from the edge. If the sand
crabs form a continuous band, state so and describe the band
for 5 meters on either side of the tow.

START SAMPLING ANIMALS

Start 1/2 meter below the low edge of patch or in area
exposed by a withdrawn wave if there is no patch or if there
is no lower edge to the patch. Note: if animals
sporatically occur down to wave edge, try to define the
point where 907 of the animals are higher en the beach and
use that boundary as your lower edge.

Tow towards the berm for the length of the net.

Pull the sled as quickly as you can without pulling the sled
out of the sand and without jerking the sled. The sand will
clog the mouth of the sampler when the tow 1is complete.
Pace off the length of the tow and record it to the nearest
1/2 meter.

If the band is wider than the bag length, a second tow must
be taken. This tow will start at the position where the
first tow ended (plant your sled in the sand to mark the
spot after the first tow) at least 2 meters up or down the
beach from that tow line. Measure and record the distance
of the second tow.

Tie off the open end of the sand crab net and stake it high
on the beach, where it won't get washed away.

Never walk on the area you are about to sample and minimize

the amount of light shone on this area.
Take the sand chemistry samples

A) Sand samples- taken from mid-tow area, 1/2 meter away
from tow line.
Use specimen cups to take FOUR sand samples (as cores).
The sample containers should be prelabelled for you, if noc:
Cap and label outside of cups and caps with:
Beach code number
Date
Site letter
Sample type
place sample in ice chest




Use glass scintillation bottle for ONE sand sample. Label
as above. ‘

B) Wave-wash samples - these samples will be taken after you
have processed the animal samples. Directions will be given
later in this protocol.

6) IF YOU ARE SAMPLING A PATCH: Fill two laundry bags with sand
from the patch you just sampled-you are after more animals.
Shovel equal amounts of sand from low, mid and high areas of
the pactch.

Rinse the bag and check. If there are approximately 200
sand crabs (including at least 40 larger animals) from both
bags combined, you're okay. If you need more animals, shovel
more sand. Keep a record of the number of sand bags you
filled to get the extra animals.

GO ON TO NEXT SAMPLE SITE AND TAKE YOUR NEXT TOW and extra
crabs and sand samples. Time is of the essence--we would
like all six tows taken as close in time as is possible.

i ' 7) After you have sampled all six sites for animals and sand,
return to each to describe each sample site area for 1)
beach width (estimated) 2) beach slope (measured with level
line) =~ if ©beach has two distinct slopes measure both of
them 3) cobble on the wet sand, in the wave break and in
knee~deep water (outgoing wave) and 4) temperature of water
in knee-deep water (outgoing wave).

Take the wave-wash samples at each site.

Fill one brown plastic bottle and two scintillation vials
with water from a “"settling"” container. The settling
container is a graduated cylinder. Fill the cylinder during
slack water - after the wave has come in and before it goes
out. Count to 30 seconds for settling before pouring
contents into seston and chlorophyll containers. Be careful
to avoid getting any sand in the receptacles. The plastic
bottle is for "seston"”, the two vials are for chlorophyll.
Label the <containers appropriately (if <the containers
haven't been prelabelled).

|

| Clean the sand out of the sand crab net bag. If the sand is
} too coarse to go through the netting, the sample contents
|

should be sieved through Sieve # 5 (and therefore eliminate
Sieves # 3 and 4).

8) Proceed to animal processing area with your animals,
chemistry samples and sampling gear.
Get sieves and jars from truck - while you are at the truck
put on dry ice those chemistry samples which require freezing.




9)

A10)

PROCESS ANIMALS THROUGH SIEVES 20 - 3

Each site is processed separately.

There are no buckets ! and 2.

Stack buckets sequentially, #20 (largest holes) on the top.
Sieve animals.

Fill in “p" for present and "0" for zero counts on Sand
Crab Tally Sheet - Preserved for all size categories.

Keep approximate_ track of the total number in each patch
sample.

Remember: if you had to use Sieve # 5 to clean the sand out
of the sample, you are not going to have crab samples from
Sieves # 3 and 4.

Animals from all buckets will be preserved separately by
bucket in glass jars and returned to the laboratory. Use
labels prepared in lab. Return unused labels to the lab.
Prepare the 10% Formalin solution at your processing area by
pouring half of the Formalin (in the one gallon carboy) into
the S5 gallon carboy then filling the 5 gallon carboy with
sea water.

Using the "Sand crab tally sheet” keep track of the number
of individuals preserved. We want to end up with at least
200 of these individuals preserved from each patch sampled.

Return to truck with the samples first.

Fill a "live"” carboy with seawater to be brought back to
lab.

Rinse the gear to at least remove excess sand. If there is
fresh water available, use it.

Stow the rest of the gear aund come home.

KEEP THE LIVE ANIMALS AS FAR AWAY FROM THE PRESERVED SAMPLES
AND THE PRESERVATIVE AS POSSIBLE.

Record the time you return to MEC on Page 1 of the field
sheet under “Survey duration”.
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B.3 Sand Crab Survey 3 (2-5 August 1983)

1) Note departure time under "Survey Duration”.
Note beach characteristics on field sheet. Use the
beginning/ending study site landmarks as defined on cthe
first survey.
Wave height is estimated; wave frequency is timed. Wave
height is based on the trough to crest height when the wave
first breaks.

(The start and end points of the sampling area should be 30-
100 meters away from any obstacle (pier, creek etc.) and 100
m away from the source of any bright lights.)

2) WAIT UNTIL THE SUN HAS SET - the earliest possible sampling
time will be estimated at the lab and provided on your field
sheet. The field leader can wait for the sand crab patch
width to contract to less than 6 meters or until 1.5 hours
have elapsed since the earliest possible sampling time.

3) BEACH WALK - Walk the length of the study area, one person

above the patch area, the other below it, recording the
locations and sizes of patches of sand crabs and rock/pebble
patches.

NOTE: You are taking meter-long strides to keep track of
where you are on the beach.)

Each new patch begins a new line on the BEACHWALK sheet.

RANDOMLY SELECTED SITES: POSITIONING

Carry your site stakes while you are walking. Mark the
patches as you encounter them on your beachwalk if there are
only a few patches on your beach.

When you are through with your beachwalk tally up the number
of patches and interpatches in your study area.

££ there are five or more patches on the beach, use your
random number table to select four patches out of the total
available and then two non-cobble interpatches out of the
total available for sampling.

If there are four patches, sample all four and randomly
select two interpatch areas for sampling.

If there are less tham four patches, refer to the
Contingency Flow Diagram for what to do.

To use the random number table: make a blind stab at the
table to select your first number-the digits at the right
end of the block are the ones you are interested in. Work
your way down the column, keeping the numbers that fall
between one and the maximum allowable (as defined either by
the number of patches or the number of interpatches.) For
example: there are 25 patches on the beach, your finger ends
up on "47448", 48 is too large, the next number is "92717",
and 17 is acceptable, next is "92312", and 12 is acceptable,
as is 05 from "63105" and 11 from "66711".




4) SAMPLE SITE- Go to sample site and if the patch has changed
dimensions noticeably since the mapping, pace the length of
the patch (or interpatch). Using the random number table
and the 1length (number of paces as your maximum number),
select the position in the patch (or interpatch) to be
towed. You must be at least one pace away from the edge of
your patch (or interpatch). Describe the patch (or
interpatch) for 1length, width and portion of ©patch (or
interpatech) sampled - in paces from the edge. If the sand
crabs form a continuous band, state so and describe the band
for 5 meters on either side of the tow.

5) START SAMPLING ANIMALS
You will be taking animals three different ways:
1) in a sled tow
2) shovelled into a small mesh laundry bag
3) shovelled into a large mesh laundry bag

CATEORY 1 SLED TOWS

Start 1/2 meter below the low edge of patch or in area
exposed by a withdrawn wave if there is no patch or if there
is no lower edge to the patch. Note: if animals
sporatically occur down to wave edge, try to define the
point where 90%Z of the animals are higher on the beach and
use that boundary as your lower edge.

Tow towards the berm for the length of the net.

Pull the sled as quickly as you can without pulling the sled
out of the sand and without jerking the sled. The sand will
clog the mouth of the sampler when the tow is complete.
Pace off the length of the tow and record it to the nearest
1/2 meter.

If the patch is much wider than the bag length, a second tow
must be taken. This tow will start at the position where
the first tow ended (plant your sled in the sand to mark the
spot after the first tow) at least 2 meters up or down the
beach from that tow line. Measure and record the distance
of the second tow.

If you missed only a small portion of the patch with your
tow, you can use your wider shovel to collect the portion
that a second tow would take to complete the patch sample.
Be <careful to scoop out the same width, depth and length
that the sled would have taken. Measure and record this
distance.

Tie off the open end of the sand crab net and stake it high
on the beach, where it won't get washed away.

Never walk on the area you are about to sample and minimize
- the amount of light shone on this area.

Take the sand chemistry samples
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6)

A) Sand samples- taken from mid-tow area, 1/2 meter away
from tow line. ‘
Use specimen «cups to take FOUR sand samples (as <cores).

The sample containers should be prelabelled for you, saying:
Survey ID #
Beach Code #
Site letter
Sample type

Use a spare specimen cup to take water from a core
hole and transfer this water to a prelabelled specimen cup.
Fill this cup between waves, 1f your hole gets filled by a
wave before you have taken the entire sample, wait for the
wave to depart, dig a new hole and add what additional
sediment water you need. (This water will be used for a
salinity measurement.) ‘

Keep the <core hole no deeper than the depth of the cup
(about three inches).

Use glass scintillation bottle for ONE sand sample. Label
as above.

Place samples in the ice chest.
B) Wave-wash samples - these samples will be taken after you
have processed the animal samples. Directions will be given

later in this protocol.

IF YOU ARE SAMPLING A PATCH OR BAND:

CATEGORY 2:

(Small laundry bag - animals for population structure)
Fill a small mesh laundry bag with sand from the patch you
just sampled-you are after more animals. Shovel equal

amounts of sand from low, mid and high ares of the patch.
Rinse the bag and check. 1If there are approximately 200
sand crabs both bags combined, you're okay. If you need more
animals, shovel more sand.

If you are on a coarse sand beach, use your #5 J5-gallon

bucket instead of the laundry bag to clean the sand from the
sample. You still want around 200 animals.

Store the animals in a small mesh laundry bag. Make sure
the bag is labelled with beach, site and category 2.

CATEGORY 3:
(Large mesh laundry bag -~ adult females for tissue studies)

fou may take these samples when you do the water chemistry
if you are afraid of not being able to complete the sled




7)

8)

tows during the favorable tidal cycle you are working in.

Fill the large mesh bag with sand from the patch area you
are sampling-you are afrer adult females, sieve sizes §-
10, 1ll-1l4 anmg 15-20; within each of <these three size
categories you want 20 females with orange eggs and 20
females without eggs. (Realistically, most beaches probably
will not yield a full complement of females.)

Rinse the bag and check. If it looks like you are close,
you're okay. If you need more animals, shovel more sand.
Transfer these animals to a small mesh laundry bag for
the trip home.

Make sure your laundry bags are labelled with beach, site
and category (2 or 3).

Pace yourself. You should by now have a good feeling for
how long it takes to sample the whole beach. Do not spend
time you don't have on a site that isn't producing enough
animals.

GO ON TO NEXT SAMPLE SITE AND REPEAT PROCEDURES 4 - 6. Time
is of the essence~-we would like all six tows taken as close

‘in time as is possible.

After you have sampled all six sites for animals and sand,
return to each to describe each sample site area for 1)
beach width (estimated) 2) beach slope (measured with level
line) - if ©beach has two distinct slopes measure both of
them 3) cobble on the wet sand, in the wave break and in
knee~deep water (outgoing wave) and 4) temperature of water
in knee—-deep water (outgoing wave).

Take the wave-wash samples at each site.

Fill one brown plastic bottle and two scintillation wvials
with water from a “settling”™ container. The settling
container is a graduated cylinder. Fill the cylinder during
slack water - after the wave has come in and before it goes
out. Count to 30 seconds for settling before pouring
contents into seston and chlorophyll containers. Be careful
to avoid getting any sand in the receptacles. The plastic
bottle is for "seston”, the two vials are for chlorophyll.
Label the containers appropriately (if the <containers
haven't been prelabelled).

Clean the sand out of the sand crab net bag. If the sand is
too coarse to go through the netting, the sample contents

Sieves # 3 and 4).

should be sieved through Sieve # 5 (and therefore eliminate

Proceed to animal processing area with your animals,
chemistry samples and sampling gear.

Get sieves and jars from truck - while you are at the truck
put on (not 1in) dry ice those <chemistry samples which




9)

10)

10)

require freezing.

PROCESS CATEGORY ! ANIMALS THROUGH SIEVES 20 - 3

Each site is processed separately.

There are no buckets 1 and 2.

Stack buckets sequentially, #20 (largest holes) on the top.
Sieve animals.

Remember: if you had to use Sieve # 5 to clean the sand out
of the sample, you are not going to have crab samples from
Sieves # 3 and 4.

Keep approximate track of the total number in each sieve
size on the Sand Crab Tally Sheet-Preserved.

(Line out #3 & 4 on the tally sheet if you used a #5 to
clean out the sand.)

Animals from all buckets will be preserved separately by
bucket in glass jars and returned to the laboratory. Use
labels prepared in lab. Return unused labels to the 1lab.
Prepare the 10%Z Formalin solutiom at your processing area by
pouring half of the Formalin (in the one gallon carboy) into
the 5 gallon carboy then filling the 5 gallon carboy with
sea water.

PROCESS CATEGORY 3 ANIMALS THROUGH SIEVES 15, 1l and 8

Do not keep animals smaller than 8.

Tally the animals in sieves 15, 1l and 8 separately. Within
each size category tally females with bright orange eggs and
females with no eggs separately. (We do not want females
with burnt orange or grey eggs.) Keep track of your tally
on the Sand Crab Tally Sheet - Live sheet.

If it looks like a little more shovelling from a site will
get you the 20 females with (or without) eggs in a size
category from a patch area - go for them.

YOU DO NOT PROCESS CATEGORY 2 ANIMALS.

Return to truck with the samples firsc.

Fill a "live" carboy with seawater to be brought back to
lab.

Rinse the gear to at least remove excess sand. If there is
fresh water available, use it.

Stow the rest of the gear and come home.

KEEP THE LIVE ANIMALS AS FAR AWAY FROM THE PRESERVED SAMPLES
AND THE PRESERVATIVE AS POSSIBLE.

Do not put the live animals in water. Instead, put some
damp sand in each laundry bag and put the laundry bags in a
sieve.

Record the time you return to MEC on Page | of the field
sheet under "Survey duration”.
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APPENDIX C
LABORATORY PROTOCOLS
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C.1 Sex/Fecundity Analyses

1. In the wet laboratory, transfer sand crab sled or shovel sample
to screen to pour off formalin. If the sample has more than
150 crabs, split the sample using the large Folsom splitter.

2. Rinse sand crabs with tap water.

3. Transfer crabs to sorting dish.

4. Return to dry laboratory.

5. Examine crabs for sex, fecundity and egg condition using the

disecting microscope or, for very large animals, the

illuminating magnifier. TFemales may be recognized by the
presence of a gonopore on the third legs, pleopods, and egg
masses. Males are recognized by absence of above features.

If a female has an egg mass, classifiy the female by the color
and condition of the egg mass as follows: egg mass with bright
orange eggs, egg mass with burnt orange eggs (two eyespots
should be visible through egg capsule), egg mass with gray
. eggs, egg mass with empty egg cases, and egg mass with a few

bright or burnt orange eggs but mainly with spent egg cases.

6. Fill in the laboratory raw data sheet.

7. Return crabs to storage jar and reformalize. Label top of .

jar with survey ID number, beach location, tow ID, sieve size

and number of jars for this sample.

C.2 Parasites, Egg Mass Volume, Egg Diameter, and Gut Content Analyses

1. Randomly select females with bright orange eggs from a sample




in the following manner:

a. when more than lQ sieves have females with bright orange
eggs, use a random numbers table to decide which 10
sieves provide the randomly selected females;

b. when exactly 10 sieves have females with bright orange
eggs, randomly select one such female from each of the
sieves;

c. when fewer than 10 sieves have females with bright orange
eggs, randomly select an equal number of females from the
array available; if it is not possible to select an equal
number of females with bright orange eggs from each sieve,
then randomly select which sieves will provide more or
fewer animals;

d. when less than 10 females with bright orange eggs are
available from all the sieves of a sled sample from a patch,
randomly select females with bright orange eggs, when
available, from the shovel samples.

. Examine legs and egg mass area for parasites. Record

observations under the following categories: 1 = parasites on

abdominal legs; 2 = parasites on egg mass. Note type of

parasites: a = protozoan; b nematode; ¢ = crustacean.

Remove egg mass.

Place female in jar labeled on 1lid with survey, beach, tow,
sieve size, animal number. Add formalin.

Place egg mass in vial labeled on lid with survey, beach, tow,

sieve size, animal number. Add formalin.

Determine volume displaced by egg mass. Pour egg mass from
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10.

11.

vial onto screen, blot excess fluid from beneath the screeen,
place egg mass into pre-filled calibrated vial, and remove
displaced water with micropipette. Record the amount of
water removed from the vial with a micropipette to the
nearest 0.0005 ml. Record observations for each egg mass

by sieve size and animal number.

Randomly select two egg masses from each patch/beach. Place
portion of egg mass or loose eggs in a depression slide with
water. Measure the diameter of 10 eggs, including egg
membfanes to nearest .005 mm using an ocular micrometer on a
compound microscope. Record observations for each egg mass
by sieve size and animal number. \

Note color and pattern of color (i.e., uniform or mottled)
for female sand crab. Record observations for each animal

by sieve size and animal number.

Dissect fore- and hindgut from sand crab. Place on separate
slides and scan with dissecting scope. Determine 7% fullness
of guts (i.e., 0, < 50%, > 50%). Record observations for each
animal by sieve size and animal number.

If gut almost empty, then wash contents with water onto slide
and examine with compound microscope. If gut > 50% full, then
thin contents with water and examine a subsample of the
contents with the compound microscope. Record the ﬁercent
contribution (i.e., 0, < 50%, > 50%) of the constituents

(e.g ., sand, phytoplankton, zocoplankton, detritus) of the

fore- and hindgut.

Return dissected female crabs to their jars and reformalize.
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C.3 Sediment Grain Size Analysis

A. Equipment - for determination of median grain size, silt/clay

fraction, coarse fraction, skewness, and dispersion of sediments.

1.
2.

0 N o B W

10.

11.
12.
13.
14.

15.
16.

8 oz. numbered plastic deflocculent bottles

0.025N (38.25g per 15 liters deionized water) sodium hex-
ametaphate (deflocculent)

63 micron sieve

Stainless steel evaporating dish

Préweighed and numbered Coors dishes

Numbered 1000ml graduated cylinders

Watchglasses to cover graduated cylinders

3" sections of pipe (used to weigh down 1000 ml graduated
cylinders in water bath)

Plunging device (for agitating silt and clay solution)

25 ml Lowy Automatic Pipette with markings at 7,8,10 and
20 cm

Preweighed and numbered 50ml beakers

24° C water bath

Drying Oven (110° + 20° C)

Eleven U.S.A. Standard Testing Sieves (A.S.T.M. E-11 speci-
fication) and bottom catch plate; Sieve numbers 10, 14,
18, 25, 35, 45, 60, 80, 120, 170, 230 |

Sieve shaker

Sartorius milligram balance
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B. Initial Treatment

1.
2.

Thaw frozen‘samples.

Mix wet sample thoroughly in its container or transfer

to a suitable large container to mix. Immediately

(while still homogeneous) weigh 30-50 gm wet sediment into

8 oz. deflocculent bottles.

Record on data sheet Sample ID, analyzed by: date, sieve
size for sand/silt-clay separation, deflocculent bottle
number, sample color and sample composition.

To sediment in 8 oz. bottles, add 150 ml of sodium hexameta-

pPhosphate (deflocculent), shake well, and let stand 8 hours.

C. Separate fine particles (silt & clay) from sand

1.

Place 63 micron screen in evaporating dish in order to
catch all wash water.

Shake sample, let settle 10-15 seconds and decant suspended
fine particles through sieve into a collecting pan. Add
deionized water to sample remaining in the bottle.

If necessary, wash fine particles through sieve with
deionized water into a collecting pan.

Repeat steps 5 and 6 until most fine particles removed.
Transfer remaining sample from bottle to sieve using

squirt bottle with deionized water. ‘

Using light finger pressure and squirt bottle, wash remaining
fine particles through sieve.

Periodically wash the bottom of the sieve to remove

adhering particles.
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8. Wash sand remaining in the sieve with deionized water to

-4

remove excess sodium hexametaphosphate and salts.

9. Carefully concentrate sand against bottom lip of sieve

L

with squirt bottle. Scrape and wash sand into numbered

Coors dish and record sand dish number on data sheet.

-w‘

D. Prepare Sand
1. Let sand settle and decant most overlying water
(not particles).

2. Dry sand in over at 70° C.

E. Prepare Silt & Clay

1. Transfer silt-clay solution from collecting pan to a
numbered 1000 ml graduated cylinder with a funnel and
fill to 1000 ml with deionized water.

2. Record cylinder number and silt/clay beaker number on
data sheet.

3. Agitate silt-clay solution with plunger for one minute.

4. 15 seconds after stopping agitatioﬁ, take a 25 ml aliquot
from a depth of 20 cm with pipette.

5. Cover the top of the cylinder with a watchglass and set
the cylinder aside until such time as it is decided that

the silt/clay fraction of the sample is no longer needed.

6. Transfer 25 ml aliquot to a 50 ml numbered beaker.

7.
8.

9. Allow silt—clay and sand fractions to come to room

Rinse pipette before reuse.

\-‘

Dry silt-clay solution in oven.
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temperature in dessicators and weigh on balance.
10. Determine percent sand and percent silt and clay contained

in the total sample weight.

F. Sieve Analysis for Sand

1. Transfer sand from Coors dish to top sieve in sieve stack.

2. Gently shake sieve stack and break-up aggregates on top
1-3 sieves.

3. Place sieve stack in sieve shaker and shake for 15 minutes.

4. Stérting with top sieve, invert each sieve on a large
piece of paper and rap sieve firmly on table top to
remove all sand.

5. Examine particles on successive sieves and the bottom
catch plate and make notes in comments section of data
sheet if shell, aggregates, twigs, metal, etc., are present.

6. Initially tare out the empty weight of plastic weighing
dish (dish wt. to = 0.001 gm).

7. Transfer sand to tare plastic dish on balance; record
cumulative weight with each successive sieve.

8. The difference in the successive cumulative weights is

the contribution of each phi size.
C.4 Sediment Moisture Content and Salinity Analyses
A. Moisture Content

1. Invert moisture/salinity specimen cup for 60 seconds to

redistribute any water that may have settled.
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Using a cut-off syringe remove approximately 100 ml of
sediment and place into a pre-weighed large Coors evapor-
ating dish "A".

Weigh the fresh sediment and dish to the nearest .01l mg and
record weight "B" using Sartorius electronic top loading
balance. Readability + or - .01 g.

Dry the sample at 80° C for 8 hours.

Remove the sample to cool for a few minutes.

Reweigh dry sediments and record weight '"C".

Calculate moisture content:

fresh sediment - dry sediment/fresh sediment X 100 or

A-B-C/ A-BZXI100

Sediment Salinity Determination

1.
2.

Using distilled water:

Rehydrate dried sediments from moisture content
determinations with twice the amount of water evaporated
from the sediment (A - B - C = amount of evaporated water;
1 mg of water = 1 ml). |

Mix the sediments for at least 60 seconds to dissolve salts.
Decant off the fluid into a small beaker.

Measure and record the TOC, salinity (%), and conductivity
with a Yellow Springs Instrument model 3311 saliﬁometer.
Compare measured sediment salinities to the calibration
curve to determine the salinity of the interstitial water.
The caiibration curve is developed by comparing salinities

and conductivities measured with the above method to

c-8




C.

salinities and conductivities of interstitial water

collected in the field.
Sediment Total Organic Carbon Analyses

A. Equipment: The MEC chemistry lab uses an Oceanography Inter-
national model 524-B total organic carbon system for the deter-
mination of total organic carbon in sediments. This system
utilizes a Horiba model PIR 2000 infarared gas analyzer and an
ampule sealing unit manufactured by Oceanography International.
The method used is that recommeded by the manufacturers with

modifications.

B. Calibration Procedure

1. Dry Potassium Biphthalate at 120° C for 2 hours and
allow to cool in a dessicator.

2. Weigh out an appropriate amount to micrograms and make up
a stock solution (.15939 g/25 ml = 3ugC/u 1). This
soiution should be used the same day it is prepared.

3. Amounts of the standard solution covering the range of
carbon expected in the samples are dispensed into pre-
combusted ampules with a 10-100 microliter Eppendorf
pipette. |

4. 0.2 ml of a 10% v/v Phosphoric acid solution is added
to the ampules containing the standards and added to
empty ampules for reagent blank determinations.

5. Add 2.0 ml water to the ampules (washing down the sides).




The following is done in groups of eight ampules:

a. Add 0.2 g Potassium Persulfate.

b. Add 2.0 ml water (washing the granules Persulfate
down the sides of the ampule).

¢. Purge for 8 min. with O2 and seal.

The standards and blanks are oxidized with a batch of

samples and used to calibrate only that beach.

- C. Sample Procedure

1.
2
3.
4
5
6
7.
10.

11.

12.

Dry 20-50 g subsample at 70° C for at least 12 hours.
Grind samples to a homogeneous powder.

Dry powder for 8 hours then cool in a dessicator.
Weigh precombusted ampules to the nearest 0.00001 g.
Add sample (5-50 mg) to the preweighed ampules.
Reweigh the ampules containing the samples.

Add 1 ml Phosphoric acid (l10% v/v) each to the sample
ampules and the empty reagent blank ampules.

Add 2.0 ml of water to samples and blanks.

Allow to stand for at least 30 minutes.

The following is done in groups of eight samples:

a. Add 0.2 g Potassium Persulfate to each sample.

b. Add 2.0 ml water to wash down the sideéiof the ampule.
c. Purge for 8 minutes and seal.

Convert organic material to CO2 by placing the sealed
améules in an 130° C autoclave for at least four hours.

Measure carbon content from the amount (moles) of CO2

liberated.




Wave Wash Seston Weight and Organic Content Analyses

A. Equipment for determining the amount of seston in a sample of
water and its carbon content. The proceedure follows standard
analysis procedures as described in Strickland and Parsons with
modifications.

1. Numbered petri dishes

2. 2.5 cm GFC filters

3. 2.5 cm filter holder apparatus

4. TFlat-bladed forceps

5. Squeeze bottle.with distilled water

6. Mettler electronic micronbalance to 0.00001 gm

7. Drying oven

8. Muffle furnace

B. Procedure

1. Combust 2.5 cm GFC filters at 450-500° C for 4 hours to
burn off organic contaminants.

2. Soak filters in distilled water for 5 minutes to femove
inorganic binders.

3. Dry filters on aluminum foil (shiny side) for 1 hour at
70° C and cool in a dessicator.

4. Weigh the filter to nearest 0.00001 gm and placebin a
numbered petri dish. |

5. Filter the sample through the preweighed filter.

6. Rinse the funnel and filter with 2-5 ml of distilled Qater.

Disconnect from the vacuum source between rinses to allow




10.

11.

the water to cover the filter for a few seconds before
reapplying suction to remove excess water.

Dry the filter at 70° C for 1 hour and cool in a
dessicator (filter can be dried in the petri dish).

Weigh the dried filter containing sample material to the
nearest 0.00001 gm. The difference in weights from step

8 and step 4 is the seston.

Place filter on a combusted metal rack in a muffle furnace
set at 450-500 ° C for 24 hours.

Cool filter in a dessicator and weigh to the nearest
0.00001 gm. The difference from step 10 and step 8 is

the amount of carbon.

Filter blanks should be handled as described above omitting
step 5 (filtering the sample). Blanks should be run with

each batch of filters.

C.7 Chlorophyll-a/Phaeophytin Analyses

A. Water Samples

1.

Screen water samples through 380u NITEX to remove

large planktonic organisms.

Water samples in 125 ml plastic screw-cap bottles, kept
cold and in dark

Filter samples (50 ml for inshore samples) onto Millipore

AA filters.

Place filter in scintillation wvial, covered with 100%

acetone (907 acetone used in August survey) (several ml),
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cap, shake, place in freezer to extract in dark.

After extraction, filter and acetone transfer to grinding
tube, ground with additional 907 acetone, slurry filter
through glass fiber filter to remove debris.

Bring volume of cleared extract to 10 ml.

Read fluorescence al extract on Turner III.

Acidify sample (2 drops 107% HCl) and read again.

~Calculate chlorophyll and phaeopigment concentrations.

Sand Samples

Collect sampleé by pushing a plastic syringe (with

the end cut off and bevelled) into sand to a set

depth, extruded sample into a scintillation vial or

other container with stopper, kept cold and in the dark.

Add 1007 acetone to cover sand, cap.

Shake vigorously, place in freezer to éxtract, shake several
times during extraction.

Separate sand from extract by screening.

Rinse sand several times with small volume of 90% acetoné.
Bring volume to 10 ml with 90% acetone extract and acidified
extract. |

Read Turner III as for water samples.

Calculate pigment concentrations on a per-area basis.

C. Calculations

1.

ug chlorophyll-a/liter for wave wash samples =

C (RB - RA) FD/ volume filtered;




2
ug chlorphyll-a/cm for sand samples =

2
C (RB - RA) FD/ surface area sand (cm )

where RB fluorescence before acidification and

H

RA fluorescence after acidification.

- ’ ~ - ’ - - '

2. ug phaeophytin/liter for wave wash samples =

o] (TRA - RB) FD/ volume filtered;

2
vg phaeophytin/cm for sand samples =

2
C (TRA - RB) FD/ surface area sand (cm )

where C = instrument specific calibration constant and

e
1l

"acidification ratio"” (also instrument specific) and

FD = silt factor
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APPENDIX D

This appendix documents the analytical techniques that were used
in the evaluation of three of the examined measures of sand crab
populations: weighted mean abundance, size modes, and clutch size.
Methods used in multiple regression analysis are also presented.

D.]1 Weighted Mean Abundance

This section documents the equations used to calculate the mean
abundance per beach by stratified random sampling and those used to test
for a beach effect. The equations for beach abundance, beach variance
and the degrees of freedom per beach are from Cochran (1963) and are
noted by equation number and page.

The steps involved in the computations are:

1. Sum the number of crabs per tow over sieve sizes 5-20.
2. Log transform (x+1) the number of crabs per tow.
3. Determine the mean, variance and number of tows in each stratum.

There are two strata per beach on patchy beaches. All patches form
one stratum; all interpatches the second. Banded beaches (where
sand crabs align themselves longshore with virtually no break) form
only one stratum.

4. Compute the number of possible 1/4 m wide sled tows in the length
of beach covered by each stratum.

5. Compute the number of possible 1/4 m wide sled tows on the
habitable (< 807% cobble) portions of each beach.

6. Perform steps 6a through 6c for each beach.

6a. Calculating the mean abundance per (eq. 5.1, p.89):

2 —
_ z Nh h
Ye = h=1
N
where §e = the mean abundance per beach

Nh = the number of possible sled tows per stratum
Yp = the mean number of crabs per tow in stratum h
N = Nl + N2




6b. Calculate the variance per beach (Eq. 5.11, p.93):

2
) -
s (ye ) = 1 I Nh(Nh-nh) sh2
N2 h=1 ny
where sz(ye) = the variance of the mean abundance per beach
n, = the actual number of sled tows in stratum h
sh2 = the variance of the number of crabs per tow in stratum h
6c. Calculate the degrees of freedom per beach (Eq. 5.15, p.95):
2
(2 gysy) Ny (Np = o)
ne = gh =
2_ 4 ; n
z gh Sh h
n - 1

where n, the degrees of freedom per beach

7. Calculate the mean abundance per survey from the abundance per
beach:
M —
= 2 Ye
ys = .._e_:_l'.__._
M

where M = the number of beaches

8. Calculate the between beach mean square:
M — ——
H(n+1) * (v, - vg)°
e e s
B.B. mean square = e=1
M-1
9. Calculate the within beach mean square
M —
2
s7(y,)
W.B. mean square = e=1
M
D-2
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10. Calculate the within beach degrees of freedom:
WBdf = I n
e
11. Calculate the F value for the BBdf and WBdf:

F value = B.B. mean square
W.B. mean square

An example of the calculations for the 45 km S beach on the July survey
follows, step by step as numbered above.

1. Number of crabs per tow:

TOW
A B C D E F
Patch or Interpatch P I P I P P
Sieve

20 0 0 0 0 0 0
19 0 0 0 0 0 0
18 0 0 0 1 0 0
17 1 0 1 0 3 0
16 1 0] 1 0 2 0]
15 2 0 1 0] 4 0
14 1 0 2 0 9 1
13 4 0 3 0 15 6
12 9 1 13 1 55 24
11 71 0 20 1 129 126
10 88 5 73 2 88 111

9 32 7 68 0 27 77

8 16 2 33 2 7 24

7 36 7 34 4 12 28

6 33 35 180 32 81 125

5 _93 _62 219 15 58 224
Total sand crabs/tow 387 119 718 58 490 746

2. LOG (crabs/tow +1): 2.59 2.08 2.86 1.77 2.96 2.87

3. Strata means, variances and sizes:
_ Patch Interpatch
Yy = LOG MEAN 2.75 1.93
s, 2 = VARIANCE 0.018 0.048
n, = TOWS 4 2
STRATUM SIZE 271 m 175.5 m
4. Possible number of 0.25 m wide sled tows/stratum:
Nh = 1084 702

5. Possible number of 0.25 m wide sled tows/habitable beach:
N = 1084 + 702 = 1786




6a. Mean abundance per beach:

Y 45%m s = (2-75 * (1084/1786)) + (1.93 * (702/1786))
2.43 sand crabs/tow (log mean)

6b. Variance per beach:

g2

hskm s © (1084 ) * ( 1084 - 4 ) * ((0.018 / & )) +
( 1786 * 1786 )

((702 ) * (702 - 2 ) * (. 0.048 / 2 ))
( 1786 * 1786 )

0.005

6c. Degrees of freedom per beach:

_ 1084 * (1084 - 4 ) _

Boatch 292680
4
_ 702 % (1702 - 2 ) _
&interpatch = 245700
2
. ) (( 292680 * .0017 ) + ( 245700 * .0037 ))?
45 km S .
((292680% * .00172)/(4-1)) + ((245700% * .00372)/(2-1)) I
= 2.2

Thus the beach at 45 km S has a mean number of sand crabs per tow of l
2.43, a variance of 0.005 and degrees of freedom of 2.2. These values

calculated in the same manner for all other beaches (July survey) are
shown below.

BEACH DENSITY VARIANCE DEGREES OF FREEDOM |

115 km N 2.79 0.009 5.0 '

100 km N 2.37 0.037 5.0

79 km N 0.13 0.000 3.0

15.5 km N 0.52 0.037 5.0 l

12 km N 2.14 0.017 5.0 |

6.5 km N 246 0.039 5.0

1.5 km N 0.60 0.071 4.0 ‘

0.4 km N 1.79 0.021 5.0 '

1.5 km S 1.66 0.072 1.2 '

6.5 km S 2. 45 0.050 5.0

12 km § 1.69 0.040 1.0 '

18 km S 1.20 0.026 1.0 .

25 km S 2.82 0.004 5.0

45 km S 2.43 0.005 2.2 l

65 km S 0.81 0.252 1.0

£ 75.87 0.681 53.4 z

M 15 15 ll
1
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7. Mean abundance per survey:

Vg = 25.87 / 15 = 1.72
8. Between beach mean square:
BB mean square = 3.80

9. Within beach mean square:

WB mean square = 0.681 / 15 = 0.045
D.2 Size Modes

Theinean.of the maximum size mode of males and mean of the minimum
size mode of females with eggs were determined using a method from
Wenner (1982). The cumulative percent of females or males were plotted
on normal probability paper against sieve size for each sled tow with at
least five female or male sand crabs. (Figure D-1). Size modes were
determined by drawing straight 1lines to best fit the data points
(Cassie, 1954). This method is subjective; however, the subjectivity is
lessened by taking into account natural breaks in the data, such as any
sharp increases in the slope of the overall curve, and the horizontal or
vertical trend between points. The minimum size mode of females with
eggs was considered to be composed of all data points for the smallest
sieve sizes connected by a straight line. Similarly, the maximum size
mode of males was considered to be composed of all data points for the
larger sieve sizes connected by a straight line.

Once these modes were identified, a two-step process was applied
in order to determine their means. The mean of the minimum size mode of
females with eggs was determined by first expanding the scale of the
mode to 1007 then identifying the median value on this expanded scale.

The scale expansion was accomplished by first determining the midpoint




between the highest cumulative percentage point in the minimum mode and
the lowest point in the next larger mode. This midpoint value was set at
1007 and the scale of the minimum mode then expanded by multiplying each
value by the factor: 100%/midpoint%.

The scale expansion for determining the mean maximum mode of males
was accomplished by determining the midpoint between the lowest
cumulative percentage point in the maximum mode and the highest point in
the next lower mode, then applying the following equation to each value
' contained in the maximum mode:

Expanded cumulative 7 =
(original cumulative % - midpoint %) (100%/(100% - midpoint %))
The 507 midpoint of the expanded scales were considered the mean size of

the modes.

D.3 Clutch Size

Clutch size was estimated from the measured displaced volume of

the egg mass and diameter of eggs using the following equation:

N=V/M
where:
N = number of eggs/egg mass, or clutch size,
V = volume of egg mass (1 ml = 1000 mmz), and
M = mean volume of eggs in the egg mass (mm 3).

The clutch size of egg masses from females with orange eggs was
compared among beach sites. Before this could be done, the
relationships between size of the females and the diameter of their eggs

and the volume of their egg masses were determined. The mean diameter of

10 eggs per examined egg mass was plotted against size (sieve size) of




)

the female sand crabs. The diameter of the eggs and the size of the
animal was unrelated (Figure D-2). In contrast a positive relationship
was found between the volume of the egg masses and size of the female
sand crabs. Clutch size was log transformed prior to statistical
analysis to help linearize the relationship between animal size and
clutch size (Figure D-3).

The mean volume of eggs in an egg mass was computed from the mean
diameter of all measured eggs based on the assumption that eggs are
spherical (after Efford, 1969). The following equation derived from
the equation for a sphere was used:

mean volume of eggs in the egg mass = l+/3'frr3 = 0.5236 d3
where d = diameter (mm).

Differences among beach sites were statistically compared using
Student-Newman-Keuls (SNK) testé on least square means (LSMEANS) after
the Analysis of Covariance (ANCOVA) demonstrated that the relationship
(slope) between animal size and clutch size was not different (p > 0.05)
among beach site groupings (i.e., near, north, and south of SONGS). It
should be noted that SNK was performed on the LSMEANS, which are
estimated by the regression using the covariate, with the understanding
that groups formed at an alpha level was unknown but thought to be close
to 0.05.

During a quality cbntrol examination of all egg masses of bright-
orange eggs that were included in the analysis of clutch size; it was
observed that egg masseé sometimes differed in the relative proportion
of spent egg cases among bright-orange eggs. These spent egg cases were
empty and therefore were of far less volume than the eggs. These

observations were considered of potential importance, therefore, each

egg mass was given a qualitative designation according to its relative




| amount of spent egg cases. The designations were as follows: no spent
egg cases, very few spent egg cases (eggs far out-numbered spent egg
cases), few spent egg cases (spent egg cases apparent but not as
abundant as eggs), and several spent egg cases (spent egg cases as
numerous as eggs). Results of the "laboratory observation” showed that
of the examined egg masses, 38% of them from the "north" sites (115 km N
and 100 km N) and 64% of them from the '"near'" sites (12 km N to 12 km S)
had spent egg cases. In contrast, only 2% of the examined egg masses
from the "south" sites (18 km S to 65 km S) had spent egg cases. A
contingency analysis by Chi-square (Zar, 1974: p. 59) on the three beach
site groups (North, Near, and South) versus the spent condition
(several plus few*, very few, none) indicated that the occurrence of

spent egg cases in clutches was not independent of beach site group (X2

= 234.77, p < .01).

To control for some of the bias associated with comparing egg
masses with different amounts of spent egg cases, egg masses with
greater than 507 eég cases in spent condition were not included in the

i clutch size analyses. Even with this restriction, 19% of the egg masses
from the "north" sites and 577% of the egg masses from the ''near" sites

had some spent egg cases.

D.4 Multiple Regression

Attributes of sand crab populations that exhibited a locality
effect relative to SONGS were subjected to multiple regression
analysis. A backward elimination technique (STEPWISE procedure; SAS,

* The groups '"several"” and "few" had to be pooled to meet restrictions
of the analysis.

D-8
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1982) was used to reduce the number of environmental variables included
in the model. The full set of 18-19 environmental variables was included
in the first step (Step 0) of the backwards-elimination procedure if
there were 21 or more observations for the dependent variable. A subset
of the full array of environmental variables was éelected for inclusion
in the backward procedure when there were less than 20 observations for
the dependent variable. The subset was selected to include variables
from each category of environmental measurements available; ie.,
sediment characteristics, temperature, and potential food. The subset
never included more than (n-2) independent variables, where n is the
number of observations of the biological variable.

Environmental wvariables were ultimately included or excluded
during the stepwise process on the basis of their contribution to the
regression relationship. The SAS procedure stopped eliminating
variables when the significance (P > F) of each of the retained
independent variables was less than .10. As the less correlated
variables are eliminated in the backward procedure, the R2 (square of
the multiple correlation coefficient) decreases slightly but the
adjusted R2 increases to a maximum value; if additional environmental
variables are eliminated after the maximum adjusted R2 is reached, the
loss of correlation causes the adjustedR2 to decrease. The adjusted R2
depends on the number of independent variables as well as the
correlations. The maximum value of the adjusted R2 was used t§ define
the "optimum™ regression result. The adjusted R2 (multiple correlation
coefficient) as well as the number of envirommental variables were
examined to determine the most "parsimonious” result.

In all cases where the last step of the SAS procedure coincided

with the maximum adjusted RZ, we accepted it as the most "optimal"” and




"parsimonious” result. Nine of the 14 regressions that are presented
herein stopped by the rule of maximum adjusted Rz. If the backward
variable-elimination procedure had not stopped at the maximum adjusted
R™ (= "optimum" result), the elimination steps after the optimum result
were examined. A more parsimonious step (i.e., fewer independent
variables) was selected to ease interpretation if the adjusted R2 was
reduced less than .05 from that of the "optimum' result (eg., adjusted
from R2 = .79 to R2 = .74). 1In the case where three closely ailied
biological variables were analyzed (i.e., % of all feméles, % females >

2 of the three

10 mm to 13 mm, and 7% females > 13 mm), the adjusted R
analyses were consulted to arrive at a parsimonious interpretation.

The "parsimonious” result was further evaluated to asses the fit
of the model. Cook's D statistics, which is a measure of influence
(Cook, 1977, 1979; SAS, 1982), were examined for each beach site to
determine whether there were observations having undue influence on the
regression result. A high Cook's D for a particular beach site indicates
either that the relationship between the environmental and biological
variables is different for this beach, or that the environmental
variables are outliers, or both.

If there was a beach site(s) with a significant (as compared to F-
values; Draper and Smith, 1981, p. 170) Cook's D, then the observations
for that beach site were deleted and the regression was re-run and the
results with and without the influential observations were compared.
Cabrillo Beach had significant Cook's D in the preliminary regression
runs, for it had extreme values for several environmental variables
(see section 3.1), which exhibited aberrent relationships with the

biological measures. To improve the evaluation of relationships

between sand crabs and their habitats at other beach sites, Cabrillo
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Beach was excluded from all final regression analyses. Other beach
sites with significant Cook's D values were determined for each
regression of the different biological variables on a case by case
basis. To provide comparisons, both the parsimonious regression
results with all beach sites except Cabrillo Beach (regardless of
Cook's D values) and the regreséion results with only beach sites with
non-significant Cook's D values are presented in the main body of this
report. This occurred in only one case (see Table 3-9).

To determine whether another regression technique might produce
disparate models, results using a forward selection procedure in
multiple regressions were compared to those of the backward elimination
procedure. Application of both procudures does not necessarily
guarantee exactly the same solutions. However, if results of both
techniques are similér, then this serves to increase confidence in the
multiple regression results. The two procedures agreed fairly well in
choice of environmental variables especially when we looked at outputs
from each with equal numbers of independent variables. Out of 14
regressions, 8 had changes in none or one independent variable and three
had changes in two variables (Table D-1). Thus the results of the
backward elimination technique were considered reasonable.

Two additional analyses were performed using mutiple regression.
The first investigated the influence of sites near SONGS on the
regression equations. Using the independent variables selected in the
original regression, new regressions were run without information from
two of the three beach sites within 1.5 km of SONGS (sites 1.5 N, 0.4 N,
and 1.5 S) to determine how well the environmental variables at other
sites predicted the biology near SONGS. The Cook's D statistic, which

is a measure of influence, was compared between the near-SONGS site and




the other sites on each run. If the Cook's D was higher than expected
(as determined from the F-stat_:istic; Draper and Smith, 1981, p. 170) at
the beach site near SONGS, then this indicated that the multiple
regression model poorly predicted the biolgical characteristic near
SONGS because the site in question was having an undue influence on
(i.e., forcing) the regression' model. The results are presented in
Table 3-10 of the main body of this report.

The second set was run to further investigate if there were
identifiable trends in the biolgical data within 15.5 km of SONGS.
Distance from SONGS was included as an independent variable to examine
its contribution as a predictor of biology. The forward selection
procedure was used in this set of multiple regressions because of the
reduced number of beach sites (resulting in fewer observations) and the
added independent variable. If distance from SONGS outperformed other
environmental variables and was included in the final regression
equation, it would indicate that there was a trend in biology with
distance from SONGS and noted in the main text.

Multiple regression analyses were performed on untransformed
data. Plots of the data and regression residuals were examined to make
this decision. In addition, for those plots that indicated a non-linear
relationship between the population measure and an environmental
variable, the relationships were reanalyzed using transformations of
environmental variables; the reanalysis did not substantially improve
the relationship. The shape of the plot determined the type of
transformation tried (Daniel and Wood, 1971).

Included at the end of this Appendix are support packages for each

regression model that include the following information: the variables

included in the first step (step 0) of the backward elimination
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procedure, variables retained in the final regression result, parameter
estimates (= regression coefficients, slopes) for the final regression
result, standard errors of the parameter estimates, ANOVA tables for
the final regressions including the probability that the R2 value would
occur by chance (probability of significance), Cook's D values for each
beach site in the final regression result, the actual and predicted
values for each beach site (beach site = ID variable) in the final
regression result, residual values, and plots of the residuals versus

distance from SONGS.
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Figure D-1.
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Sieve Size

The cumulative percentage of males (a) and females with
eggs (b) plotted against sieve size. Straight lines
indicate the size modes. Brackets indicate the maximum
size mode of males (a) and minimum size mode of females
with eggs (b). Data is from the July survey, site "E"
at the beach site 45 km south of SONGS.
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SUPPLEMENTAL TABLES AND FIGURES
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Table F-1., The percentage of females between 10 mm and 13 mm in the

. reproductive population according to the developmental
stage of their egg masses for June and July.
|
‘ June July
v Females > 10 mm to 13 mm Femates > 10 mm to 13 mm
Developmental Stage of Eggs Developmental Stage of Eggs
. Bright- Burnt- Gray Spent Bright- Burnt- Gray Spent
Beach site Orange Orange Orange Orange
450 km N NS NS NS NS NS NS NS NS
l 115 ki N - - - - 0 0 0 100%*
100 km N - - - - 60# 0 0 Lo*
II 79 km N - - - - - - - -
15.5 km N - - - L= - - - -
' 12 km N - - - - iy 1% 0 iy
6.5 km N - - - - ¢} 0 0 100%*
; 1.5 km N - - - - 50% 0 0 50#%
' 0.4 km N - - - - 67* 0 0 33%
1.5 km S - - - - 17 0 0 83#*
' 6.5 km S - - - - 0 0 0 100*
12 km S - - - - 100 0 0 0
18 km S 100* 0 0 0 100 0 0 0
l 25 km S 100% 0 0 0 97 0 0 3
45 km S 100% 0 0 0 9y 5 <1 <1
l 65 km S - - - - 99 1 0 0
NS = not sampled
. * = percentage based on less than 10 reproductive females
. Note: females between 10 mm and 13 mm in June and July were not shown here t
' collected at all sites near and north of SONGS (see Appendix F, Table

NS

not sampled

*

percentage based on less than 10 reproductive females

Note: females between 10 mm and 13 mm in June and July were not shown
here because fewer than 10 reproductive femailes were collected
at ail sites near and north of SONGS (see Appendix F, Table F=1).
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Figure F-la. Weighted mean abundance of male sand crabs in July 1983. Site means

WEIGHTED MEAN ABUNDANCE PER TOW OF MALE SAND CRABS '
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SUMMARY

Genetic variation at 25 enzymatic loci was studied by means of starch
and acrylamide gel electrophoresis in populations of the sand crab Emerita

analoga. Average heterozygosity was 0.07 (x 0.03) and five - loci were

polymorphic. Chi-square contingency analysis indicated only a slight
heterogeneity at one locus (malate dehydrogenase). Genotypic ratios at an

esterase locus showed a significant heterozygote deficit in some samples but
a non-significant excess in others. Activities of a phosphoglucomatase and a
glucosephosphate isomerase locus were markedly reduced in some samples,
notably those from the vicinity of San Onofre Nuclear Generating Station
(SONGS) and from Cabrillo Beach. It has not yet been determined whether this
is due to a decrease in the amount of the enzymes present or an inhibition of
their activity. Animals from these locélities have been shown to have

reduced reproductive success.
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INTRODUCTION

This study reports on the population genetics of the sand crab, Emerita
analoga in southern California. Wenner (1982) presented evidence that sand
crab populations in the vicinity of the San Onofre Nuclear Generaﬁing Station
(SONGS) were under some type of biological stress. This study examined
genetic evidence for population differentiation and was part of a larger
study of sand crab biology and sand crab interactions with SONGS.

The sand crab is one of the most abundant members of the intertidal
sandy beach fauna of California. Adult sand crabs are ubigquitous, but
patchily distributed (Efford 1965). Larvae spend up to four months in the

plankton before settling in the Winter and Spring (Barnes and Wenner 1968,

_Efford 1970). Since the animals have such a good potential for dispersal,

one might expect to find little evidence for population differentiation.
However, commercial sand crab fishermen claim to be able to determine the
source of a given individual from its appearance (K. Herbinson, pers. comm.)
which suggests either phenotypic response to a particular location, or
perhaps post-settlemenp selection and differentiation. The latter effect has
been documented in several intertidal organisms (Koehn et al. 1973, Koehn et

al. 1976). The presumed "stress" on the populations in the vicinity of SONGS

might then be detected as an alteration of typical allele or genotype

frequencies at onme or more enzymatic loci.
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MATERIALS AND METHODS

Sand crabs were collected from several localities in Califormia by
personnel of Marine Ecological Consultants (MEC), Solana Beach, Californmia.
All animals were collected between 2 and 6 August 1983. Animals were washed
free of sand and sorted by_size while still alive, then individuals to be
used for electrophoresis were frozen on dry ice. Samples were kept at -20°C
until used.

Procedures for starch gel electrophoresis followed Nelson and Hedgecock
(1980) with some exceptions. Several enzymes as well as general proteins
were more easily resolved after electrophoresis on 6% (w/v) polyacrylamide
gels. Starch gels were 10% (w/v) Sigma starch (Lot #23F-0712). Esterase was
assayed wusing the eserine method of Selander et al. (1971) with
«-napthylbutyrate and B-napthylacetate as substrates. Malate dehydrogenase,
mannosephosphate isomerase and phosphoglucomutase were also assayed after
Selander et al. (1971). Glucosephosphate isomerase was assayed by the method
of Corbin (1977). All stains that used glucose-6-phosphate dehydrogenase
were modified according to Buth and Murphy (1980). Table 1 gives stain and
buffer combinations as well as the number of loci resolved with each enzyme
stain. Multiple loci are named in order of increasing anodal mobility.

Not all individuals were analyzed for variation at all loci. An initial
survey determined that five 1loci were sufficiently polymorphic to be
informative in an analysis of population differences (PGM-2, MDH-2, MPI, GPI
and EST-3). Those loci were analyzed in a2ll individuals from six samples:

Morro Bay, Hermosa Beach, SONGS 0.4 km N, SONGS 1.5 km S, Horno Canyon, and

G-7




Table 1. Stain and buffer combinations for electrophoresis. Buffer systems:
POUL = discontinuous Borate-Tris-citrate, "Poulik" (Selander et al. 1971);

TC7 = Tris-citrate~-EDTA, pH 7.0 (Ayala et al. 1973); TBE 9.2 = Tris-borate-EDTA,
pH 9.2 (Avala et al. 1973); TBE 8.2 = Tris-borate-EDTA, pH 8.2 (Maniatis et al.
1982). Enzymes marked with a "*" were run on polyacrylamide gels.

- - - B

Enzyme Abbreviation E.C. # Buffer # of Leci
Acid phosphatase ACP 3.1.3.2 TC7 2
Esterase EST* - TBE 8.2 3 ,
General Proteins GP* - TBE 8.2 6 I
Glucosephosphate isomerase GPI 5.3.1.9 POUL 1 '
Glucose-6-phosphate G-6-PDH* 1.1.1.49 TBE 8.2 | o1
dehydrogenase ;
Glutamate dehydrogenase GDH 1 40102 TBE 9.2 1 .
Glyceraldehydephosphate .
dehydrogenase GAPDH* 1.2.1.12 TBE 8.2 1
Lactate dehydrogenase LDH 1.1.1.27 POUL 1 l
Leucine aminopeptidase LAP 3.4.1.1 POUL : 1
Malate dehydrogenase MDH 1.1.1.37 TC7 2 l
Mannosephosphate isomerase MPI 5.3.1.8 TBE 9.2 = 1
Phosphoglucomutase - PGM T o2.7.5.1 POUL 2 '
Superoxide dismutase SO0D 1.15.1.1 TBE 9.2 2 '
Tetrazolium reductase TR ' - TBE 9.2 2 )
i
|
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La Jolla (Fig. 1). A small number of indivudals from seven other samples
were studied only for levels of activity of PGM and GPI. Most of the data
analysis was performed using the BIOSYS-1 package of computer programs

{Swofford and Selander 1981).
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"igure 1. Locations of samples of
“merita analoga. Distances given
are north or south of SONGS. A
sample: was also taken from the
forto Bay Sand Spit (450 km N).
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RESULTS

Genetic variation was measured at 25 presumed genetic loci. Although
initially I tried to duplicate the electrophoretic procedures of Nelson and
Hedgecock (1980) exactly, I was not able to successfully resolve several
enzyvmes using their methods.. I was able to increase the number of loci, in a
few cases, by changing to different electrophoresis or stain buffers, but for
some loci I could not discover the proper set of conditions. This might be
due to diffe;ences between lots of starch or other unknown factors (Shaw and
Prasad 1970).

The average heterozygosity at all loci was 0.07 (& 0.03) and five loci
were polymorphic (frequency of the most common allele less than 0.95).
Allele frequencies at the polymorphic 1loci for six populations are in
Table 2.

There was only a slight indication of genetic differentiation among the
six samples. Chi-square contingency analysis of all loci combined indicated
no significant heterogeneity.. However, there was significant differentiation
ét the MDH-2 locus when measured alone (Table 3). One can also investigate
population differences in more detail by calculating genetic distances, and
associated Chi-squares, for all pairs of populations (Nei and Roychoudhury
1974). When data from all loci were used (Table 4) none of the pairs of
populations was different. Although the comparison between Morro Bay and
Horno Canyon was suspicious (p < .05), because it was one of 15 comparisons
based on the same data the level of divergence was not sufficient to be
significant. When only déta from single loci were used, two comparisons

based on the MDH-2 locus were significant, while one based on the EST-3 locus
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Table 2. ~Allele frequencies for Emerita analoga. Population code:
1 Morro Bav, 2 = Hermosa Beach, 3 = SONGS 0.4 km N,

- -4 -u -4 -‘j _ ’ - ’ - - ;

4 SONGS 1.5 km S, 5 = Horno Canyon, 6 = La Jolla.
Population
Locus ' 1 2 3 4 5 6
PGM
(N) 39 39 8 15 29 37
A 0.000 0.000 0.000 0.000 0.052 0.041
B 0.333 0.397 0.438 0.433 0.414 0.338
C 0.628 0.590 0.563 0.567 0.534 0.622
D 0.038 0.013 0.000 0.000 0.000 0.000
MDH |
() 37 37 34 23 33 37 '
A 0.257 0.392 0.191 0.283 0.424 0.297
B 0.743 0.608 0.809 0.717 0.576 0.703
MPI “
(N) 50 40 24 25 36 39
A 0.020 0.025 0.000 0.000 0.028 0.013 )
B 0.950 0.925 0.938 0.980 0.931 0.987 '
C 0.030 0.050 0.063 0.020 0.042 0.000
, GPI II
N) 19 28 1 4 28 33
| A 0.816 0.857 1.000 1.000 0.893 0.909
1 B 0.158 0.143 0.000 0.000 0.107 0.091 '
| C 0.026 0.000 0.000 0.000 0.000 0.000
EST . I'
| N 43 37 59 16 35 39 ‘
A 0.035 0.095 0.034 0.031 0.029 0.051
B 0.721 0.595 0.627 0.719 0.529 0.590 :
o 0.221 0.311 0.339 0.250 0.429 0.346 .
D 0.023 0.000 0.000 0.000 0.014 0.013 )
» i

1
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Table 3. Chi-square contingency analysis of allele
frequencies among samples of Emerita analoga.

No. of
Locus Alleles Chi-square D.F. P
PGM-2 4 18.173 15 0.25370
MDH-2 2 12.062 5 0.03394%
MPI 3 7.964 10 0.63237
GPI 3 7.894 10 0.63918
EST-3 4 18.544 15 0.23516
Totals 64.637 55 0.17546
G-13




Table 4. Matrix of genetic distance (below diagonal) and Chi-square (above
diagonal) based on all loci. Chi-square with 5 degrees of freedom. (* p < .053)

Population 1 2 3 4 5 6

1 Morro Bay -- 7.186 '4.021 3.556 14.407%  7.549
2 Hermosa Beach 0.002 -- 7.598 6.409 2.129 6.503
3. SONGS 0.4 km N 0.002 0.003 -- 3.359 10.633 5.204
4. SONGS 1.5 km S 0.002 0.002 0.001 -- 8.194 2.808
5. Horno Canyon 0.004 0.001 0.003 0.003 -- 7.241
6. La Jolla 0.001 0.001 0.001 0.001 0.001 --

g
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was borderline (Table 5). In each case, the comparison between Morro Bay and
Horno Canyon was significant or nearly so.

Deviations of genotypic ratios from Hardy-Weinberg equilibrium were
tested in two ways. Table 6 gives the results of a Chi-square analysis in
which expected frequencies are corrected for small sample sizes and
continuity (Levine 1949). There are significant deviations in the EST-3
locus of Hermosa Beach and La Jolla. An alternate analysis, using an exact
probability test, resulted in four instances of significant deviations:
EST-3 in Hermosa Beach, Horno Canyon ﬁnd La Jolla, and PGM~2 in Horno Canvon
(Table 7). The exact probability test required pooling rare alleles into one
synthetic allele. The test thus loses some information about rare alleles
but is more powerful. Also, the Chi-square test is suspect when the expected
frequencies of some classes are low.

All of the significant deviations at the EST-3 locus were due to a
scarcity of heterozygotes between the common allele and other alleles.
However, other samples showed a slight (non-significant) surplus of EST-3
heterozygotes. The only significant deviation at the PGM-2 locus was due to
a surplus of hetErozygoteé, but again, some other samples showed a
non-significant heterozygote deficit.

Analysis of PGM-2 and GPI variability in some samples was complicated by
an unexpected difficulty. In some samples, PGM-2 or GPI:genotypes could not
be resolved in most individuals. Numerous experiments, running and
re-running individuals of several samples on the same gels, gave repeatable
results. As far as could be determined, the PGM-2 or GPI alleles (when they
could be seen) were identical in electrophoretic mobility to those of other
sampleé. It was either tﬁe amount of the enzyme or its activity that was

altered. Modifying the conditions of homogenization and extraction,
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Table 5. Matrices of genetic distance and Chi-square based on MDH-2 and EST \
loci. Chi-square for each one degree of freedom (* p <.05; **p <.01) “
]
i
Population 1 2 3 4 5 6 l
LOCUS: MDH-2
1. Morro Bay - --- 3.083 0.873 0.091 4.388%* 0.304 '
2. Hermosa Beach 0.029 --- 6.854%%  1.439 0.151 1.466 :
3. SONGS 0.4 km N 0.005 0.059 --- 1.303 8.567%*  2.149 l
4. SONGS 1.5 km S 0.001 0.020 0.010 --- 2.343 0.030 .
5. Horno Canyon 0.046 0.002 0.083 0.034 -—— 2.449 l
6. La Jolla 0.002 0.015 0.014 0.000 0.028 —-——- '
8‘
Population 1 2 3 4 5 6 '
LOCUS: EST |
1. Morro Bay - 2.839 1.970 0.001 6.158% 3.130 l
2. Hermosa Beach 0.022 --- 0.203 1.481 0.637 0.004 ‘
3. SONGS 0.4 km N 0.020 0.004 --- 0.925 1.765 0.276 l
4. SONGS 1.5 km S 0.001 0.016 . 0.013 .-~ 3.279 | 1.615 l
5.. Horno Canyon ‘ 0.075 0.025 0.018 0.061 - 0.560
6. La Jolla 0.028 0.003 0.001 0.020 0.012 --- l
l‘
i
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Table 6. Deviations from Hardy-Weinberg equilibrium. Levene's (1949)
correction for small samples sizes and Yates' correction for continuity
used in calaculation of Chi-square.

Locus Class Observed Expected Chi-
frequency  frequency square DF P

POPULATION: MORRO BAY

PGM-2
B-B 6 4.221
B-C 13 16.545
B-D 1 1.013
c-C 17 15.273
c-D 2 1.909
D-D 0 0.039
1.047 3 0.790
MDH-2
A-A 2 2.362
A-B 15 14.315
B-B 20 20.342
0.002 1 0.961
MPI
A-A 0 0.010
A-B 1 1.919
A-C 1 0.061
B-B 46 45.101
B-C 2 2.879
c-C 0 0.030
3.331 3 0.343
GPI
A-A 13 12.568
A-B 4 5.027
A-C 1 0.838
B-B 1 0.405
B-C 0 0.162
c-C 0 0.000
_ 0.077 3 0.994
EST-3
A-A 0 0.035
A-B 3 2.188
A-C 0 0.671
A-D 0 0.071
B-B 23 22.247
B-C 11 13.859
B-D 2 1.459
c-c 4 2.012
c-D 0 0.447
D-D 0 0.012
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Table 6. Cont'd.
Locus Class Observed Expected Chi-
frequency frequency square P
POPULATION: HERMOSA BEACH
PGM-2
B-B 7 6.039
B-C 17 18.519
B-D 0 0.403
c-C 14 13.442
C-D 1 0.597
. D-D 0 0.000
0.092 0.993
MDH-2 A-A 4 5.562
A-RB 21 17.877
B-B 12 13.562
0.671 0.413
MPI
A-A 0 0.013
A-B 2 1.873
A-C 0 0.101
B-B 34 34.190
B-C 4 3.747
c-C 0 0.076
0.000 1.000
GPI
A-A 20 20.509
A-B 8 6.982
B-B 0 0.509
0.039 0.844
EST-3
A-A 0 0.288
A-B 3 4.219
A-C 4 2.205
B-B 18 12.959
B-C 5 13.863
C-C 7 3-.466
10.175 0.017*

o
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Table 6. cont'd.

Locus Class Observed Expected Chi-
frequency frequency square DF P

POPULATION: SONGS 0.4 km N

PGM-2
B-B 0 1.400
B-C 7 4.200
c-C 1 2.400
. 2.176 1 0.140
| MDH-2
A-A 1 1.164
"~ A-B 11 10.672
| B-B 22 22.164
0.000 1 1.000
. MPI
i B-B 22 21.064
B-C 1 2.872
c-C 1 0.064
l ' 3.645 1 0.056
EST-3
A-A 0 0.051
i A-B 3 2.530
A-C 1 1.368
B-B 26 23.085
} B-C 19 25.299
. : c-C 10 6.667
2.786 3 0.426
’ POPULATION: SONGS 1.5 km S
PGM-2
B-B 3 2.690
\ B-C 7 7.621
c-C 5 4.690
0.002 1 0.965
{ MDH-2
) A-A 3 1.733
A-B 7 9.533
i B-B 13 11.733
0.823 1 0.364
MPI
' B-B 24 24.000
B-C 1 1.000
c-C 0 0.000

| ’ 0.000 3 1.000
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Table 6. cont'd.

Locus Class Observed Expected Chi-
frequency frequency square DF P

EST-3

.000
.742
.258
.161
.935
.903

O~ O O
O WO OO

0.646 3 0.886

POPULATION: HORNO CANYON
PGM-2

.053
.263
.632
.842
.053
.158

LopP O
OWHrH O

4.272 3 0.234
MDH-2
A-A 5 5.815
A-B 18 16.369
B-B 10 10.815
0.104 1 0.747

MPI :
.014
.887
.085
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Table 6. cont'd.

Locus Class Observed Expected Chi-
frequency frequency square DF P

POPULATION: LA JOLLA

BGN-2
A-A 0 0.041
A-B 1 1.027
A-C 2 1.890
I B-B 3 4.110
B-C 18 15.753
c-C 13 14.178
I 0.316 3 0.957
MDH-2
I . A-A 4 3.164
A-B 14 15.671
B-B 19 18.164
I 0.129 1 0.719
MPI
A-A 0 0.000
l A-B 1 1.000
B-B 38 38.000
0.000 1 1.000
I GPI
: A-A 27 27.231
I A-B 6 5.538
B-B 0 0.231
0.000 1 1.000
| EST-3
A-A 1 0.078
A-B 0 2.390
l A-C 2 1.403
A-D 0 0.052
B-B 19 13.442
I B-C 7 16.130
B-D 1 0.597
c-C 9 4.558
I c-D 0 0.351
D-D 0 0.000
13.716 6 0.033%
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Table 7. Significance test, using exact probabilities, for deviations from
Hardy-Weinberg genotype ratios. Rl = Homozygotes for most common allele.
R2 = Common/Rare Heterozygotes. R3 = Other genotype classes.

Locus Ri R2 R3 P
POPULATION:

MORRO BAY |
PGM-2 17 15 7 0.307
MDH-2 20 15 2 1.000
MPI 46 3 1 0.098
GPI 13 5 1 0.489
EST-3 . 23 16 4 0.704
POPULATION:

HAERNOSA BEACH
PGM-2 14 18 7 0.749
MDH-2 12 21 4 0.320
MPI 34 6 0 1.000
GPI 20 8 0 1.000
EST-3 18 8 11 0.001%%*
POPULATION:

SONGS 0.4 km N
PGM-2 1 7 0 0.138
MDH-2 22 11 1 1.000
MPI 22 1 1 0.064
EST-3 26 22 11 0.161
POPULATION: _

SONGS 1.5 km S
PGM-2 5 7 3 1.000
MDH-2 13 7 3 0.299
MPI 24 1 0 1.000
EST-3 7 9 0 0.256
POPULATION:

HORNO_CANYON i
PGM-2 5 21 3 0.027%

| MDH-2 10 18 5 0.723

MPI 31 5 0 1.000
GPI 23 4 1 0.257
EST-3 : 13 11 11 0.040%
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Locus R1 R2 R3 P
POPULATION:

LA JOLLA
PGM-2 13 20 4 0.495
MDH-2 19 14 4 0.692
MPI 38 1 0 1.000
GPI 27 6 0 1.000
EST-3 19 8 12 0.001%
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electrophoresis or enzyme staining did not markedly alter the results. Each

individual was scored with an index of enzyme activity: O = no visible

"stain, 1 = barely visible, 2 = clear, 3 = dark. An average index was

calculated for each sample and the results presented in Table 8. In addition
to the six samples that had been completely analyzed for all enzymes, 8 to 17
individuals of seven other samples were analyzed for PGM and GPI activity.
Most of the samples with low PGM activity (less than 1.0) were Qithin 15 km
of SONGS. The only exception was the sample from Cabrillo Beach. Data for
the GPI locus were similar. However, results for the GPI locus were
confounded by a second factor: GPI activity declined in all samples after
prolonged storage of whole animals at -20°C. PGM activity seemed to be much
less labile under the same storage conditions. The GPI activity index was
inversely correlated with storage time (Spearman's rank correlation
r_ = .489, P< .05, one-tailed test). The PGM activity index was not
significantly correlated with storage time (rs = .085).

To examine this effect in more detaii, new samples of E. analoga were
collected. Spectrophotometric assays of PGM and GPI activity (Bergmeyer,
1974) were used to measure weight specific enzyme activity in newly collected
and stored specimens. After 28 days of storage at -20°C, GPI declined an
average of 98% (from 18 units/g wet weight to 0.38 units/g wet weight),
while PGM activity declined 68% (from 9.5 units/g wet weight to 3 units/g wet

weight). Note that although weight-specific enzyme activity did decline in

PGM, the residual activity was still sufficient for clear staining on a gel,

and therefore would not have been noticed in the crude index of activity used

earlier.
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Table 8. Ezyme activity indices for GPI and PGM in samples of
Emerita analoga.

Sample GPI  Activity PGM Activity Date
X s X s N assayed

Morro Bay 1.28 1.02 2.30 0.48 40 29 Nov 83
Hermosa - 2.08 1.38 3.00 0 39 28 Oct 83
Cabrillo 0 0 0.43 0.79 8 21 Nov 83
N. Doheny 0 0 0.41 0.51 17 21 Nov 83
Capistrano 0 0 1.58 1.17 12 21 Nov 83
Clemente 0 0 1.42 0.79 12 18 Nov 83
SONGS

0.4 km N 0.09 0.30 0.57 0.79 35 2 Nov 83

1.5 km S 0.38 0.52 0.86 0.69 35 11 Nov 83
Horno Canyon 0.94 0.93 1.30 0.98 36 18 Oct 83
Red Beach 0.71 1.25 1.00 0.85 12 18 Nov 83
Oceanside 0 0 2.00 1.00 8 21 Nov 83
Moonlight 0.43 0.79 2.29 0.76 8 21 Nov 83

La Jolla 2.04 1.35 2.50 0.51 40 20 Oct 83
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DISCUSSION

Nelson and Hedgecock (1980) surveyed electrophoretic variability in a
large number of decapod crustaceans, including Emerita analoga. They
measured variation at 20 enzymatic loci and found the average heterozygosity
to be 0.114. This was not significantly different from the presént estimate
of 0.07 (based on 25 loci). Heterozygosities for individual loci in common
between the two studies were also similar.

It is difficult to explain the lack of success in this study when .
staining for some of the enzymes used by Nelson and Hedgecock and using their
methods. However, I was also able to add several loci, including LAP, an
enzyme that Nelson and Hedgecock were not able to resolve.

It seems that the EST-3 locus scored in this study was different from
either of the two loci scored by Nelson agd Hedgecock (D. Hedgecock, pers.
comm.). They found two slowly migrating loci (on starch gels), whereas I
scored a single fast migrating polymorphic locus (on polyacrylamide). I was
unable to resolve either of the two loci referred to by Nelson and Hedgecock:
using their methods. Nelson and Hedgecock also scored two polymorphic loci
with PGM activity with overlapping alleles. The PGM 1locus used here
corresponds to their PGM-2. Activity at the locus corresponding to their
PGM-1 was always low and was usually too poor to be scored unambiguously.
Corbin (1977) studi;d GPI variation in the related East Coast species Emerita
talpoida. The two species appear to have no alleles in common at this locus.

There were no obvious patterns of geographic differentiation among

samples of Emerita analoga. This is perhaps to be expected among local
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populations of a widely dispersing species. There was no evidence of regular
or clinal variation at any locus. The few 1instances of significant
differences between pairs of samples appeared to be random. Even the sample
from Morro Bay, taken hundreds of kilometers to the north of the rest of the
samples, did not appear uniquely different from the range of samples found in
southern California. This was true even for the MDH-2 locus, which had the
greatest amount of differentiation among samples. Reduced migration rates do
not seem to be an important factor in determining the genetic structure of E.
analoga populations.

Corbin (1977) demonstrated clinal variation with latitude for two GPI
alleles in E. talpoida. He related this to variation in temperature and
salinity and argued that each genotype responded differently to variation in
each variable. He also showed that characteristic genotypic ratios did not
vary after metamorphosis from the megalops stage. If one ignores the GPI
data from the two samples, SONGS 0.4 km N and SONGS 1.5 km S (where sample
sizes are very small), the rest of the GPI data presented here might also be
seen as a cline. However, since the ends of the '"cline" were not
significantly different from each other, one should not conclude that a
similar causal situation exists. Note, also, that E. analoga and E. talpoida
share no GPI alleles.

Al%ele frequencies at the MDH-2 locus were heterogeneous, but they did
not seem to vary in a regular or predictable fashion. If the differénces had
some biological basis due to natural selection, the populations must have
been responding to something in the environment with reticulate variation.
Given that the greatest divergence was between the samples from Horno Canyon
and SONGS 0.4 km N, separaied by less than 7 km, the differences were more

likely due to post-settlement alterations of genotypic ratios. Since neither
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sample was far from Hardy-Weinberg equilibrium, selection can not have been
acting simply at one genotype. Another alternative is that although larvae
‘were widely dispersed, they were not well mixed, so that the larvae that
settle to make up a single population were not a random sample of the entire
larval pool. The two alternatives might be distinguished by sampling the
same locations over several years to see if allele frequencies remain
characteristic of a given location.

The observed deviations from expected Hardy-Weinberg genotypic ratios
also could have been due to differential survival of genotypes. The number
of instances of significant deviation was small, but the Chi-square test is
not a very powerful one. Since there were no obvious trends toward
heterozygote deficit or excess for any locus, the causes are likely to be
complex. It is interesting that the two samples from the vicinity of SONGS
showed no evidence of altered genotypic ratios.

Samples from the vicinity of SONGS did differ from the other samples in
one unexpected way. Many individuals from‘the SONGS 0.4 km N and SONGS 1.5
km S samples gave very poor results when stained for PGM or GPI activity.
Activity of other enzymes appeared normal. Although a few individuals
stained normally, many individuals gave no detectable result. Other samples
in the vicinity of SONGS (15 km N or S) also had reduced activities as well
as a sample from Cabrillo Beach. There are a number of alternative
explanations. The simplest is that these samples were badly handlea in some
way, e.g. allowed t; thaw before analyzed. There is no evidence that this is
the case (ﬁ. Gleye, MEC, pers. comm.). Other possibilities include a reduced
amount of these enzymes present or inactivation of the enzymes in some way.
The first alternative might be a result of an alteration in the genetic

control of enzyme production due to an unknown environmental or genetic
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factor. The second alternative could be due to an environmental pollutant
forming an inactive complex with the enzyme (heavy metals are one
possibility). Nevo et al. (1983) have reviewed the effects of marine
pollution on allozyme polymorphisms. They have shown selection for different
PGM or GPI alleles of marine crustaceans and snails after heavy metal
pollution. Pontecorvo et al. (1983) showed that heavy metal concentration

influenced the activity of some PGM allozymes in the shrimp Palaemon elegans.

Nevo et al. (1978) presented evidence for selection acting on allozymes after
petrochemical pollution. One can not yet differentiate among alternatives,
but further work should certainly be done. The first step should be to
repeat the observations on a new set of samples, then one could purify the
enzymes and make antibodies to them. One could then assay enzyme activity
and amount independently and ultimately look for causal factors. Although it
is little more than empty speculation at this point, it is interesting that
the only sample to show the effect strongly, away from the vicinity of SONGS,
came from an area of heavy industrial impact. Pollution, in some form, is
clearly one suspicious envirommental factor.

Preliminary results from the ongoing study of sand crab biology
conducted by MEC (Barnett 1983) 1indicated that there was considerable
variation in several biological parameters among beaches in southern
California. Using multivariate techniques, they were able to account for 56%
of the variance in sand crab density and 70% to 90% of the vafiance in
reproductive parameters by differences in environmental factors (notably
sediment type and food availability) among sites (K. Green, pers. comm.).
Interestingly, although sites near SONGS were not significantly different
from other beaches in July; those same sites formed a unique group in August

(vhen the samples discussed here were taken). In addition, samples from
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Cabrillo were often most like those from SONGS, with similar reductions in
percentages of females with eggs and other reproductive parameters.
"Unfortunately, no animals were taken from Venice Beach in August; this site
has been suggested by Wenner (cited in Barnett 1983) to also show signs of
reproductive stress. Although both tissue and sediment samples have been
collected to be analyzed for potential pollutants, these analyses have not

vet been completed so possible causal factors remain obscure.
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Ovarian Histology of the Sand Crab, Emerita analoga from San Onofre

Nuclear Generating Station, California and Adjacent Beaches
Stephen R, Goldberg

Abstract: I investigated the ovarian histology of 366 sand crabs to
assess possible reproductive abnormalities from contamination
assoclated with the San Onofre Nuclear Generating Station (SONGS),

It vas found that examining ovariqs of females carrylng eggs in
advanced states of development or spent egg cases glves information

as to whether another egg mass will be formed, Reproductive differences
were noted between the examined populations., Moon and Ocea contained
the hirghest percentages of reproductively active females that would
have produced an additional egg mass and O.,4 N and 1,5 S showed the
lowest, Atretic oocytes were identified and described, Low incidences
of these structures were commonly observed, 1t was found that most
examined crabs had been feeding and digesting their food and all

were apparently healthy, On the basis of their healthy condition

and low frequency of atresia, it was concluded that termination of
reproduction was likely due to natural factors operating at the

close of the reproductive season,
Introduction

The use of invertebrates as indicators of envirormental pollution
is a relatively new concept, The sand crab, Emertia analoga‘seems
ideally suited for this work as it is small, resdily available and
occurs 1n urban beaches, The purpose of my investigation was to
examine ovarles of sand crebs rfrom SONGS and adjacent areas and

report on the status of their reproductive condition,

H=1




Methods

Sand crabs were placed in 10% formalin on capture, Collections
were made during August 1983 from San Onofre Nuclear Generating
Station (SONGS), Sen Diego County, California and other beaches,

By design, I was not told which samples were from SONGS so as not

to bias my interpretations, In addition, I examined ovaries of 11
sand crabs that were collected July 1983, Sand crabs were dissected
under a dissecting microscope, Ovaries were removed with jewelers
forceps and were embedded in Paraplast, Histological sections were
cut at 8/¢m.- Slides were stained with Harris' hematoxylin followed

by eosin counterstain,
Results and Discussion

In examining the sand crabs, difficulties were encountered due
to small sizes of specimens and insufficient fixation. The small
size of many of the samples made locating the ovaries #ery difricult,
I recommend that whenever possible, large sand crebs be selected for
histological studies, Fixation was poor in several samples, This
might be remedied by injecting fixative into the body cavity with a
syringe, thereby insuring rapid penetration., Mature, yolk=-filled
ovaries were extremely brittle vhich made for difficult sectioning,

I suggest using a different fixative such as Davidson's fixative
(Eumason, 1979) as an alternative to 10% formalin, This fixative

has been used in other crustacean ovarian studies (Haefner, 1977;
Wenner, 1979), Also, a small pipette would be helpful in transferring
the ovaries as the fragile stroma supporting them frequently broke
resulting in the loss of some of the mature oocytes,

The ovaries of the sand crab are located underneath the intestine.

During times of 1néct1vity or after an egg mass has recently been




extruded, they are transparent and contain immature oocytes (Fig, 1a)
embedded in a fibrous connective tissue stroma. In this state they
are similar to those seen in deep sea lobsters (Wenner, 1979), deep

ses red crabs, Geryon quinquedans (Haefner, 1977) and the blue crab

Cellinectes sapidus (Johnson, 1980), As vitellogenesis progresses
for the next egg mass, the ovaries enlarge and spread anteriorly,
ventral to the intestine, They start to turn yellow and one can
bepin to distinguish individual oocytes under a dissecting microscope,
The ripe, mature ovary commonly proliferates laterally into the
anterior corﬁers of the body cavity,

From examining a series of practiée animals with a gradusal
develooment of extruded eggs (Table 1), I noted a progressive
seauence in develooment of the ovary during the reproductive cycle,
This might be taken as s normal model for the ovarisan cycle that
would occur during periods of peak reproductive activity, In females
that have bright, recently extruded immature eggs, the ovary is in
an undeveloped condition, It consists primarily of resting oocytes
(Fig. 1A) which spproximate 304m (di=smeter), In some cases the
Same ovary may contain early (55um) diameter vitellogenic oocytes
(yolk deposition in progress) (Fig. 1B), These early vitellogenic
cocytes are not yellow to the naked eye, Thus, without histology,
one could not distinguish an early vitellogenic ovary from one containi
only primary oocytes, I noted that in females with more highly develope
extruded eggs, ovaries contsined enlarging vitellogenic oocytes,
In the spent condition in which crabs had been released Trom the
underside of the sand crab, the ovaries contesined yolk=filled mature
oocytes (Fig, 2A) which approximated 260 qom (mean diameter), Mature
yolk-filled oocytes are surrounded by a thin chorionic membrane,
This membrane may be derrived from the accessory cells (Ryan, 1967),
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Accessory cells and developing oocytes are the two types of cells
present within the ovarian lobes of the blue crab (Johnson, 1980).
Ovarian development 1s synchronous in the sand crab as only one
group of oocytes undergoes vitellogenesis at a given time,

1 often encountered animals (Table 2) which did not correspond
to the sequence outlined in Table 1, These animals, in the burnt,
greyish-burnt, grey and spent condition contained inactive ovaries
comparable to the bright conditiomn, This discrepancy could be due
elther to the normal conclusion of the reproductive cycle or to
some environmental trauma thaﬁ reminated reproduction, If the cycle
were abruptly terminated, we would expect to see an unusually large
frequency of atretic oocytes, The atretic process has adaptive
value because should envirommental conditions change from less than
optimm, the animal is allowed to channel energy (invested in yolk)
away from a reproductive effort that probably would have been abortive
and use 1t on another body function,

In atresia, there is a spontaneous breakdown of the oocyte,

This may occur at any stage of Aevelopment and may thus be seen in
the smallest oocyte to the mature, yolk-filled oocyte, As expected,
in the sand crab, atresia was noted in oocytes of all sizes. It can
best be characterized as a disruption (Fig., 2B) of the ocoplasm. In
late atresia (Fig, 3A), the interior of the oocyte is filled by a
mass of connective tissue, The mechanics of this process are not
clear, but it is concelvable that it may in part be due to an invasion
of ovarian accessory cells (follicle cells) that penetrate into the
ooplasm, This 1s suggested by the frequent occurrences of what looks
to be accessory cells (Fig, 3B) in the ooplasm of atretic oocytes,

While several atretic ococytes were commonly seen in different
sand crabs, I only noted a single ovary (Ocea spent) in vhich the
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majority of oocytes were undergoing atresia, Thus, one would not

have expected that the populations under examination, (on the basié

of histological criteria) had been recently exposed to any envirormental
trauma, This seems likely aé on dissection, all animals appeared

to be healthy, Most of their stomachs contalned food and there was

a fecal mass in the intestine.

The use of atresias as an indicator of envirormentsl stress has
been described in the northern anchovy, Engraulis mordax by Hunter
and Macewicz (1985), By starving fish in the laboratory, they timed
the atretic degeneration of oocytes, asalso, at the cloze of a
reproductive season, many of the oocytes that initisted, but failed
to complete yolk deposition, undergo atrsels (Goldberg, 1981), These
structures disapvear within several weeks, The identification of
these structures in the sand crab will be gseful in subsecuent
investipgations as an indicator of environmental stress on reproduction,

1t was previously reported (Cox and Dudley, 1968) that sand
crabs may breed repeatedly during a reproductive season, The
developing of yolk-filled eggs within femeles containling extruded
erg masses bears this out, Thus, we can make comparisons among the
different samples so as to determine percentapes of females that
would have produced an additional egg mass during summer 1983,

In order to interpret these results, one must consider other
factors: (1) sizes of females are important as larger females typically
begin reoroduction earlier and terminate it later than do smaller
females, Hence, to avoid size class biases, samplgs should include
the different size classes present at a beach; (2) During 1983 an
"El nino" condition existed during which time water temperatures
were hifher then normal, It 1s conéeivable this may have effected

the duratiom of the sand crab reproductive cycle; (3) In selecting
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samples, they should be taken from the peak period of reproduction.

ilf, for example, they were taken when females were producing their
final egg masses of the year, what would be a normal termination of
reproduction might be misinterpreted as being due to some environmental
pollutant, if they were‘collected before the population started to
reproduce, one would erroneously describe the population as being
nonreproductive,

The question as to how long it takes for a female to deposit
sufficlent yolk to form a clutch of eggs is difficult to answer,
ldeally, this information could be best gathered by performing
experiments in the laboratory. A number of factors will influence
thlis problem, Female size will partly effect the rate of yolk
deposition as vitellogenesis would be expected to occur faster in
larger femsles than in émaller females, Also, time of the reproductive
season should be considered, Yolk deposition proceeds faster early
to middle of the season than late in the season, Cne might get an
approximation of time recuired by collecting females at weekly
intervals early in the reproductive season before the first egg clutch
1s formed, However, as previously mentioned, the rate would be
different later in the season than it would be early in the season,

In analyzing the categories (Table 2), I have not included the
brirht category, This is because it is difficult to find ovaries
in this stage as they have recently extruded egg masses and are at
their smallest sizes, More importantly, i1t 1is very difficult to
know if females in this condition will reproduce again during the
current reproductive season, Even in those cases of bright females
with yolk deposition in progress, it would be hard to conclusively
state thet another egg mass would be produced that season, Hence,

females with more advanced external egg masses {burnt, prey and most
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definitely, spent) will give the best information as to what percentage
of & population will continue reproductive activity in a given year,

In my report of those females that will produce another egg mass
(Teble 2), I have based my observations on mecroscopic as well as
histological observations, In looking at Table 2, differences were
noted between the various populations, The moon population had the
hiphest degree of reproductive activity and would clearly have
produced another egg mass, Ocea glso would have produced another
egg maess, O,L N would not have. This is evident as none of the
15 females with spent eggs showed ovarian reproductive activity,

The Herm population was probably in the process of producing the
last egg mass, This is likely as none of the spent females had
ovarian sctivity; whereas the other classes did,

In the KS population, it appears about half of the population
+vill produce another egg mass, In the 6.5 S population, only 15%
+111 reproduce agsin and reoroduction was over in 1.5 S, About
one-fourth of Sanc and one-fifth of Capi would have produced another
egg mass,

A total of 11 crebs from July 1983 were analyzed to see if
reproduction was different one month earlier (other samples were
from August), None of the 1,55 E sample was reproductively active
(Table 2)s The sample 1.5 N would have produced another egg mess,
Only 13% of the 0.4 N spent group would have reproduced again in
comparison to none of the August group, Thus, this populatidn had
a low rate of ovarian activity in July when we would have expected
a higher rate of reproduction (Cox and Dudley, 1968),

The question as to what was responsible for the high percentages
of crabs vith advanced external epgs that would not have produced

another egg mass in the O,4L N, 6,5 S, 1,5 S, Sanc and Capi groups

H=7




i1s complicated, One might suspect it was due to exposure to
envirommental pollutants, I doubt this, On the basis of my
histological examination, there was nothing observed to indicate

an abrupt, abnormal termination of the reproductive cvcle which would
have been evidenced in a high incidence or oocyte atresia. Nor, for
that matter, were any ovarian structures observed that could have

been interpreted as being pathological, %he above information

coupled with observations that the crabs had been feeding and digesting
food lead me to conclude that the populations examined were healthy.

1 thus feel that the low freaquency of certain populations producing

an additionaliegg mass is likely due to a normal termination of the

breeding cycle,
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l Table 2, Percentages of sand crab, Emerita snaloga from July and
, August 1983 that would have produced an additionsal egg mass,

' % Females to Form
B Date Locality Category N Another Egg Mass
|

g August . Moon burnt, 7-11 10 90
' August Yoon grey, 7-11 5 100

' . August Moon greyish-burnt, 7-11 5 100

l August Moon spent, 7-11 15 87
' August Moon spent w grey, 7-11 2 100
' Aupust Ocea burnt, 7-11 10 60

August Ocesa greyish-burnt, 7-11 5 80
l August Ocea grey, 7-11 5 100
August Ocea spent w bright, 7-11 2 S0

. August Ocea spent w grey, 7-11 3 100
' August Ocea spent, 7-11 15 80
I August O.4 N burnt, 7-11 13 8

, August O.4L N pFrevish-burnt, 7-11 1 0
l August O N spent w bright, 7-11 0

. August OL N spent w burnt, 7-11 0
" August Ot N spent, 7-11 15 0
‘ August Herm burnt, 7-11 2 50

' Aupust Herm burnt, 12-20 6 83
' August Herm Frey, T7-11 1 100
l August Herm grey, 12-20 b 100
- August Herm greyish-burnt, 12-20 2 100
l August Herm spent w burnt, 7-11 1l 100
|

l H-11




Table 2 (Continued)

% FPemales to Form

Date Locality Category N Another Egg Mass
August Herm soent w grey, 7-1l1 2 100
August Herm 830L, spent, T7-11 b 0
August Herm 8304, spent, 12-20 13 0
8304, slightly spent
August Herm 12-20 3 0
August 12 KS spent w grey, 7-11 1 100
August 12 KS spent, 7-11 19 53
August €.5 S soent, 7-11 20 15
August 1,5 8 svent, 7-11 20 0
Aupgust Sanc spent, 7-11 20 25
August Capi spent, 7-11 19 21
August Capi spent, 12-20 1l 100
July 1.55 E soent 2 0
July 1,5 N syent 1 100
July Ot N spent 8 13
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APPENDIX I

ANNOTATED HISTORY OF SAND CRAB STUDIES THAT WERE RELATED TO SONGS







I.1 HISTORICAL BACKGROUND

I1.1.11976-1977 Auyong Study

Janice S.H. Auyong, a student of Dr. Adrian M. Wenner _Of the
University of Santa Barbara (UCSB), conducted a study of sanci crabs
living at increasing distances from SONGS. The study resulted in a
thesis for a Master of Arts degree from UCSB. The results, in part, are
presented in MRC Document 77-09 No. 2 (Annual Report to the California
Coastal Commission August, 1976 - August, 1977, Appendix 1. Estimated
effects of SONGS Unit 1 on Marine Organisms: Technical Analysis and
Results).

The stated objective of the study was "to determine if differences
among populations of E. analoga {size and reproduction} were correlated
with distance from SONGS." Environmental features, including
temperature and organic solids in the surf zone were monitored during
the study.

Five beach sites at increasing distance from SONGS (i.e., 0.4 km N,
1.5 km N, 1.5 km S, 6.5 km N, and 6.5 km S) were sampled for sand crabs
every two weeks during four consecutive periods from mid-August 1976
through mid-August 1977. Sand crabs were also collected at two sites,
16 km S and 64 km S of SONGS, during the spring and summer of 1977.

Auyong (1981) reported an inverse correlation between proximity to
the plant and several variables related to the size of male and female
sand crabs. No correlation was found for the proportion of ovigerous
females, the single reproductive variable considered. No correlations

between temperature or organic solids in the wash zone and variations in

sand crab size were reported.




I.1.2 1980 Wenner Study

Dr. Adrian M. Wenner of UCSB conducted a study of sand crabs from
April to November 1980. A preliminary report was submitted to the MRC-
25 November 1980; final results of the 1980 study were submitted 1 July
1982 as part of a report (Wenner, 1982) covering sampling periods from 1
April 1980 to 1 April 1982.

The stated objectives of the 1980 study were twofold: "1) to gather
comparative data on population structure from Goleta, San Onofre, and
La Jolla beaches within one growing and reproductive season, and 2) to
provide a comprehensive description (qualitative and quantitative) of
sand crab distribution in the beach habitat."

Three beach sites (Goleta, 0.4 km N of SONGS, and La Jolla) were
sampled at intervals spanning a month or less. Other sites away from
SONGS (Capistrano, 6.5 km N, 6.5 km S, Oceanside, and Solana Beach) were
sampled once in July 1980.

Wenner (1982) reported that the sand crab data (size and
reproductive) gathered near SONGS did not differ markedly from data

gathered at Goleta and at La Jolla in 1980.

I.1.3 1581 Wenner Study

Dr. Wenner conducted a six-month study of sand crabs from April to
October 1981. A final report of the results from the 1981 study was
. submitted to the MRC 1 July 1982 as part of a report (Wennef, 1982)
covering the period 1 April 1980 to 1 April 1982.

The specific objectives of the 1981 study were: "(1l) to determine
the effect of different tidal heights on sampling results, (2) to
provide additional data concerning variation in sample results due to

longshore variability, and (3) to gather comparative data at each of the
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5 study sites at SONGS every 6 weeks during the 1981 reproductive
season, before Units 2 and 3 began operating.”

The same 5 beach sites sampled by Auyong in 1977 (i.e., 6.5 km N,
6.5km S, 1.5kmN, 1.5km S, and 0.4 km N) were sampled in 1981. A beach
in La Jolla and two beaches in Goleta were also sampled. Beach sites
near SONGS were sampled every 4-6 weeks from April to October 1981, La
Jolla was sampled at 4-8 week intervals from May to September, the
Goleta site near UCSB was sampled once in May and then at two week
intervals from August to September, and the other Goleta site was
sampled in June, August and September.

Wenner (1982) reported that in 1981 males were smaller, on the
average, at the 1.5 km N and 0.4 km N sites when compared to the size of
males at 1.5 km S and more distant sites within 6.5 km of SONGS and at La
Jolla. Differences in the size of females were less clear. Females, on
the average, were smaller at the 1.5 km N and 0.4 km N sites but females
at 1.5 km S, 6.5km N, and 6.5 km S were of similar size or larger than at
La Jolla. He also reported that lower percentages of the females were
carrying eggs at the 5 sites within 6.5 km of SONGS than at La Jolla. No
comparigons were made with sand crabs from Goleta.

£
I1.1.4 1982 Wenner Study

Dr. Wenner conducted a study from June to July 1982 without funds
from the MRC. Results of this study were submitted with the report of
the 1980-1981 results (submitted to the MRC 1 July 1982 in the report
covering the period 1 April 1980 to 1 April 1982). Recently, the

results were published in the journal Marine Biology (1984, 80: 341-

345).

I-3




The purpose of the study was to examine the reproductive condition
of female sand crabs at beach sites in the vicinity of SONGS and farther
away. Four sites were sampled in June (i.e., Goleta, 6.5 km N, 1.5 km N,
and La Jolla). Eleven sites were sampled in July (i.e., Salt Creek,
Doheny Beach north, Doheny Beach south, 6.5 km N, 1.0 km N, 1.5km S, 6.5
km S, Camp Pendleton Red Beach, Del Mar Recreational Beach, Oceanside,
and La Jolla).

Wenner (1982) reported that the percentages of females with eggs
were lower for a stretch of beach nearly 40 km long, centered on SONGS.
Wenner contended that the lower percentages of females with eggs in the
vicinity of SONGS were the result of '"egg rupturing'”. This
interpretation was based, in part, on the observation that most females
in the vicinity of SONGS carried masses of "ruptured egg shells" rather
than eggs. It was also based on a laboratory experiment that showed
that females (including females with "ruptured egg cases") collected
. from 6.5 km N produced more masses of orange eggs after 2-3 weeks when
held in flow-through seawater tanks at UCSB than did the field
population.

'In( his recent paper, Wenner (1984) stated that the "abnormal
reprodui:tion" of sand crabs was most likely caused by: (1) runoff of
agricultural pesticides from a creek 3 km north of the nuclear
generating plant, (2) release of metals from corroding cooling pipes,

and/or (3) increased turbidity of the nearshore waters.

I.2 1983 MRC REVIEW OF EARLIER WORK
The MRC (memo from W. Murdoch 14 January 1983, memo from J. Connell
and J. Palmer 30 March 1983) reviewed the above-mentioned studies and

concluded that information was insufficient to evaluate whether beach
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populations of sand crabs were affected by the operation of SONGS. This
is so because the findings of Wenner and others for 1982 and before did
not clearly establish that SONGS interfered significantly with sand
crabs. Not only did differences occur between sites, without regard to
distance from SONGS, but between seasons and years at the same site.
There were few occasions of concurrent data from the same season, in a
given year, from San Onofre and other beaches, which limited evaluation
of among-beach comparisons. Finally, insufficient information was
collected regarding the beach habitats themselves. Thus, it was not
possible to evaluate whether differences in sand crab populations were

related to the habitats of the beach sites or to SONGS effects.

I.3 1983 WORK ESTABLISHED BY MRC
Although inconclusive, the findings were considered to be of
sufficient importance to warrant more study. Three major questions
were of interest to the MRC: (1) What is the nature of the biological
phenomena? (2) Is there a SONGS locality effect? (3) How does this
effect, if it exists, relate to the construction or operation of SONGS?
Through a series of MRC memoranda concerning recommended
approaches and design, a proposal of study by MEC, meetings, and
telephone conferences, these questions were redefined for the 1983
study as:
(1) are sand crab attributes at beach sites near SONGS wifhin the
variation observed at other beaches in 1983? |
(2) do sand crab attributes exhibit a distinct trend with distance
from SONGS; in particular do the attributes previously reported to
vary within 6.5 km of SONGS vary thus in 1983, and is there a

locality effect when distances farther than 6.5 km from SONGS are

considered?




(3) to what extent are selected attributes correlated with the

physical-chemical environment.

Specifically excluded from the 1983 work was the direct
establishment of causal mechanisms between SONGS and sand crab
attributes, which would have entailed both 1laboratory and field
experiments. This exclusion was adopted by the MRC to avoid expensive

experimental work before its need was fully demonstrated.

I.4 1983 MEC STUDY

The final work statement contracted to MEC by the MRC required a
survey each in June, July, and August 1983, with nine beach sites
sampled within 18 km of SONGS, three sites further south and three sites

further north. Most of the sites previously sampled by Auyong and

Wenner were included. Sampling gear and methodology was to be designed

so that sand crab abundance1 could be estimated as well as size and
reproductive attributes.

The biological parameters studied included, but were not limited
to, the ones studied by Wenner. These are listed in Table 1. The
environmental variables are shown in Table 2. Sampling was to take
place at night when crabs were likely to be more uniformly distributed
both on the beach slope and longshore. Patches were to be sampled
quantitatively with a sled. Shovel samples were to be taken to
supplement analyses. |

As a potential cost saving measure, the following proposed
analvses became optional tc the MRC, pending the results of the rest of

the study: (1) histology; (2) metals in tissue, water, and sediment; and

(3) organic pollutants in tissue, water, and sediment.
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I.5 AMENDMENTS TO THE 1983 STUDY

I.5.1 Addition of Morro Bay

Morro Bay sand spit (north of Point Conception) was to be included
in the array of beaches sampled during August (memo from H. Kaspar 20
July 1983). The inclusion of Morro Bay sand spit was based on the
observation by A. Wenner that this beach had coarse sand and gravel,
which one might suspect could be factors detrimental to sand crab

habitation, yet the beach supported great numbers of Emerita.

I.5.2 Additional 1983 Surveys (End of Season)

Because of reported high percentages of spent females at sites in
late August, two simplified sampling surveys were authorized (memo from
H. Kaspar 29 September 1983) at six study sites (115 km N, 100 km N, 65
km S, 45 km S, and two between 6.5 km S and 6.5 km N of SONGS) to monitor
the fecundity of females found at those beaches and document the end of
the reproductive season. The physical environment was to be ignored in
these abbreviated surveys. MEC sent personnel to all six sites for the
two authorized surveys and to 65 km S once and 45 km S twice more in

3
order to fully document the end of the sand crab reproductive season.

I.5.3 Histology of ovaries of female sand crabs

MEC submitted a proposal to the MRC 24 February 1984 recommending
the analyses of histological samples and metal and organic pollutant
samples. The histological analysis of ovaries was funded May 1984 and
included in the report of the 1983 study. The analyses of metals and

organic pollutant samples are pending.




I.5.4 Storage and Curation

The MRC also authorized: (1) preliminary treatment (extraction) of
fresh water samples for non-metallic pollutants in order to bring them
to a state suitable for long-term storage, and (2) non-curation or
minimal curation (i.e., animals sorted by sieve size were combined into
one sample for each sled tow sample prior to storage) of the sand crab

samples.

I.6 RESULTS OF‘THE 1983 MEC SAND CRAB STUDY

The 1983 MEC sand crab study answered the three questions in the
statement of work regarding magnitudes of sand crab attributes relative
to variability among beaches, gradients in the magnitude of attributes
with distance from SONGS, and correlations between sand crab attributes
and environmental variables.

Abundances at beach sites near SONGS were lower than abundances at
other beach sites in June but not in July or August. The June difference
appeared to be the result of a delay in recruitment and colonization.

Measurements of the sizes2 of sand crabs at beach sites near SONGS
were wiFhin the variation of these measurements at other beach sites.
Factors;such as the presence of overwintered individuals at a site,
differences in recruitment, and in the case of females, initiation of
reproduction appeared to account for most of the differences observed
in size.

The reproductive output of sand crabs at beach sites within 12 km
of SONGS was generally lower than at other beach sites.. This was
indicated by the lower overall percentage of females that carried
clutches of eggs or spent egg cases during the peak reproductive period
(August) and by the apparently fewer clutches that were produced by each

female during the reproductive season.
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Female populations within 12 km of SONGS futher differed from
those at most other sites in the condition of their clutches. Females
within 12 km of SONGS predominantly carried clutches composed of spent
egg cases rather than developing eggs. Late in the reproductive season
(September), large percentages of females at the Los Angeles beach
sites (115 km N and 100 km N) also carried clutches of spent egg cases.
Although supportive evidence was obtained for each alternative,
insufficient information was gathered to determine whether these
clutches of spent egg cases resulted from abortion, normal hatching
(synchrony or a longer than usual retention of the egg cases by females
at the end of the reproductive season), or some combination of both.

With one exception, there were no gradients with distance from
SONGS in any measurement of sand crab populations. Results indicated a
decrease with proximity to SONGS in the percentage of females (8-13 mm)
with spent egg cases that were producing another clutch of eggs in
August. Some of the trends within 6.5 km of SONGS noted in earlier
studies were also found in 1983; however, these trends did not persist
over the larger sampling scale of 1983. The sand crab measurements that
did vary relative to San Onofre displayed generally "lower" values
within 12-15.5 km of SONGS relative to sites further away, rather than
gradients.

Environmental variables could account for much (R2 = .69-.96, p <
.05) of the variability among beach sites in the reproductive
attributes of female sand crabs. In general, lesser reproductive
potential appeared to be accounted for by factors such as less food,
more seston, cooler temperatures, and coarse, unstable beach substrate.
However, it must be emphasized that correlation does not demonstrate

causal relationship and additional work will have to be done before such




relationships between environmental wvariables and sand crabs can be
established.

The 1983 study was not designed to directly address potential
impacts from SONGS on sand crabs. However, the relative timing between
the pumping operations and the "effects" seen in various years was
considered. There was not a clear relationship between the results of
the 1976-1983 studies and the actual volumes of water circulated
through the Plant.

It was not possible to evaluate whether factors such as metallic or
organic pollution could account for the differences observed in sand
crab populations in the San Onofre area. Although appropriate samples

were collected, their analyses have not yet been funded by the MRC.
I.7 PROPOSED STUDIES PENDING MRC AUTHORIZATION

I.7.1 Status of Metal and Organic Pollutant Samples

Samples of sediment, water, and sand crab tissue were collected as
part of the 1983 study for the potential analyses of metallic and
organic pollutants (Tables 3 and 4). MEC submitted a proposal to the
MRC 24 February 1984 recommending these analyses.

To date samples have been stored appropriately to maintain their
integrity for all options of quanitative analyses. Aquatic Terrestrial
Research Corporation (ATR), as subcontractor to MEC, was in charge of
storage until 30 September 1984. (On 24 September 1984 the samples were
tranferred to Aquatic Research Corporation (ARC) for temporary
storage.)

As part of their subcontract, ATR was to provide information on

potential analytical techniques. They did this in two interim reports,
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copies of which were delivered to the MRC. ATR was also to prepare sand
crab tissue, then run a toxification/detoxification analysis on one
subsample immediately after collection and on another subsample after
one month of frozen storage to demonstrate that the results were stable.
A third subsample has been retained to determine whether or not results
are stable if and when similar analyses are done on MRC samples.

The Technical Review Committee of the MRC is presently determining
the type of analyses to be done on the samples. -Alternatives are bulk
analysis and/or toxification/detoxification of metals (e.g., Cd, Cr,
Cu, Fe, Mn, Ni, Pb, Zn), parent organic compounds (e.g., PCBs, DDTs,

Napthene), and-organic metabolites (e.g., PCBols, DDTols, Napthols)

I.7.2 1984 Sand Crab Study

A critical question remaining after the 1983 study is whether or
not the high percentages of females with spent egg cases in the San
Onofre area, observed in past studies and in 1983, resulted from
abnormal or normal reproduction. MEC submitted a proposal to the MRC 9
July 1984 to specifically address this question. Weekly sampling
during the summer reproductive season was proposed to monigor the onset
of reproduction for first-year females and the subsequent maturation or
abortion of their eggs. Two sites in the San Onofre area (0.4 km N and
6.5 km N) and one site farther away (65 km S, La Jolla) were selected for
study. |

Although this work has not received MRC authorization (two of the
surveys were funded by the MRC), MEC successfully completed the weekly

field sampling for the 1984 reproductive season. Samples have yet to be

analyzed. Preliminary spot checks of the samples indicate that the

question regarding the spent condition can be answered with these

samples.




Footnotes

1

The June survey was designed to sample only patches of sand crabs at a
beach site because the MRC had not yet decided that abundance should be
estimated. Once that decision was made, samples from the interpatch
é.reas were also needed for abundance estimates. Therefore, the
original sampling design was changed to that of sampling random
positions at each beach site. Further conferences between MEC and Keith
Parker, statistician, led K. Parker to strongly recommend (memo dated 5
July 1983) the stratified random sampling design, which was presented
in the 18 July l98~3 Final Statement of Work and was used in the July and
August surveys. In this design, four randomly selected patches and two
randomly selected interpatch areas were sampled. Contingency schemes

were worked out for beach sites having less than four sand crab patches.

The size results were not based on direct measurements of growth by
following individuals or controlled groups of sand crabs through

time. That effort was outside the scope of the statement of work.
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Table 1. Biological attributes proposed for study and the relevance
to their selection and/or potential use. Asterisks (%)
indicate attributes previously studied by Wenner.

Biological Attribute Relevance

Population density - Establish natural range of
abundance values; place
SONGS wvalues in perspective

Population dispersion-patchiness How the patches are des-
a) distribution of patches on beach cribed quantitatively de-
b) size of patches termines the precision of
c) size of space between patches the abundance estimates
d) between-patch differences of sex, for a beach.

size, etc.

Size frequencies-sexes separate Past MRC reports have in-
*a) 7% of total number in a mode dicated that some of these
b) seasonal shifts of modes attributes are different at
*c) mean size of males San Onofre than at other.
*d) mean maximum size of males beaches and that trends
*e) mean size of females with eggs exist at San Onofre
*f) mean minimum size of females with eggs
*g) % of larger females with eggs
*h) % of females with eggs according to size

Reproductive patterns Reproduction is a wvital
*a) % females with eggs biological function;
size distribution of females with eggs Wenner reported aberrant
c) clutch size, egg condition values near SONGS; dif-
d) sex ratio by size ferent processes or as-
e) histology of gonads and eggs pects of reproduction

may relate to different
environmental factors.

Parasites & diseases Can infect eggs; may lead

i to low viability and/or
egg count; may or may not
relate to the potential
for SONGS-induced stress.

Population genetics Identify genetic pools;
may help determine long-
shore migration patterns.

Metals & Non-metallic Metals and non-metallics

pollutants in eggs have been suggested by

and tissue Wenner as a mechanism of
disruption of reproduc-
tion.

o
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Table 2. Environmental variables proposed for study and the
relevance to their selection and/or potential use.

Environmental Variable

Food
Stomach contents
Plankton/detritus in wave wash
Chlorophyll/phaeophytin

Gross physical characteristics
Beach aspect (direction faced)
Beach slope, profile
Beach width
Wave regime
Recent weather effects
Length of beach & position of

sampling site on the beach
State of tide during sampling
Water turbidity
Time of day in relation to dawn/dusk

l Sediment characteristics
| Grain size
| Moisture content
‘ Organic content
| Nearshore (0.5 m depth) pebble
coverage
Interstitial salinity

Chemical characteristics
Metals
Non-metallic pollutants

1 Turbidity of Water
| Seston- in wave wash
| ;

Relevance
Wenner suggested lack of up-
welling, i.e., lack of food,

as an explanation of small size

of females at UCSB.

Describe study sites, attempt

to relate these characteristics

to the abundance, condition,
etc. of crabs sampled.

Describe patches sampled,
attempt to relate these char-
acteristics to the abundance,
condition, etc. of crabs
sampled.

Wenner suggested that metals
or organic pollutants may
disrupt female reproduction
near SONGS ’

Particulates from past beach
excavations and diffuser
discharge could tend to
direct sand crab activity
from feeding to cleaning
antennae.




Table 3. Number of replicates collected from each beach in June, July,
and August 1983 for potential analyses of metals and organic
compounds in -sediment and water samples. NS = not sampled.

SEDIMENT
Beach site June July August
450 km N NS NS 3

115 km N

w

3

— N o —an

100 km N

—
1

79 km N
15.5 km N
12 km N
6.5 km N
1.5 km N

w W W w w w

0.4 km N
1.5 km S

ﬁ k _’ ) — - - h _‘

6.5 km S
12 km S

| ....,

18 km S
25 km S
45 km S

W W W W Ww w NN W W W W W W W
Ww W W W W W W W W W W Ww Ww

w W Ww w w W w w

65 km S

¥

WATER AND SEDIMENT

Beach site June July August
Doheny Creek-15.5 km N NS 2 + 2% 2 + 2

San Mateo Creek-6.5 km N NS 2+ 2 + 2

Santa Margarita River-18 km S NS 2 + 2 + 2

San Luis Rey River-25 km S NS

+

N NNN

2 + 2

2
Moonlight Creek-45 km § NS 2 + 2 + 2

* 2 + 2 = two water replicates plus two sediment replicates.
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