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ABSTRACT

The water quality of two Georgia conmercial recirculating
soft shell blue crab shedding systems was monitored chemically and
microbiologically. A biological filter of crushed coral
maintained water quality in system one, while an oyster-shell
filter and protein skirrmer combination supported system two
 Qsterling, 1984!. The following parameters were determined for
each system stocked with crabs at high and low densities~ total
crabs, total shed crabs, total dead crabs, total added crabs,
temperature, salinity, pH, carbon dioxide, MPH total coliforms,
MPN E. coli, marine agar plate counts, disso'ived oxygen, percent
oxygen saturation, biological oxygen demand, ammonium, amnonia,
nitrate, nitrite, calcium, and alkalinity. Nitrate, nitrite, and
ammonium concentrations remained below toxic limits for mo1ting
blue crabs in both filter systems. A significant negative
correlation was established between nitrate concentrations and the
number of crabs shed in the protein-skinmer system. Dissolved
carbon dioxide levels correlated significantly with total number
of crabs in the protein-skimner system. Salinity had a
significant negative correlation   range 13 to 16 ppt ! with the
number of crabs shed in the protein-skinner system. Anmonium,
ammonia, and nitrite levels were generally greater in the protein-
skinmer system than in the biological-filter system.
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INTRODUCTION

Georgia has not been inmune to the heightened interest in
shedding blue crabs that has developed along the southeast and
Gulf coasts in the last few years. The small initial capital
investment attracted crabbers, fishermen, and other small
businessmen. Potential shedders, particularly those interested in
closed recirculating seawater shedding systems, requested
assistance from The University of Georgia Marine Extension
Service. The following study was initiated to develop baseline
water quality data for closed, recirculating soft shell crab
shedding systems.

The Marine Extension Service Analytical Services Laboratory
began a project in May 1983 to monitor chemical and microbio-
logical water quality of two conmercia'I soft shell crab shedding
systems operated by a south Georgia crabber. The first recircu-
lating seawater system consisted of two 4 ft. x 8 ft. x 1 ft.
f iberglassmoated plywood tanks, a 4 ft. x 4 ft. x 2 ft. sump, and
a 4 ft. x 4 ft. x 1 ft. biological filter holding 200 pounds  90.7
kg! of crushed Florida coral that was produced by Carib Sea, Inc.
 Miami, Florida!. The owner completed a second closed, recircu-
lating system in July 1984. I t incorporated a 10 ft ~ x 8 in.
cy'Iindrical PVC protein skinner, four 8 ft. x 3 ft. x 1 ft.
f iberglass shedding tanks, and a 4 ft. x,4 ft. x 5 ft. combination
biological f ilier and sump that held 24 bushels �.8 m ! of old
oyster shells  Osterling, 1984! ~ Water was circulated in both
systems by 3/4 hp electric motors driving 1-1/4 in. pumps. Two
inlet pipes with venturi tubes for aeration circulated water in
each holding tank. The biological-filter system and the protein-
sklmner system he'Id approximately 440 gallons   1,666 liters! and
610 gallons �,309 liters! of seawater, respectively.

METHODS

The operator maintained control of the shedding systems.
Crabs were added and sheds removed as determined by peeler
supplies and market conditions. The owner kept records of total
crabs, sheds, and mortality. All additional data was collected by
the laboratory staff.

Water samples for chemical and microbiological analyses were
collected at the outlet of the biological-filter system from May
4, 1983, through August 1, 1983. Water samples w'ere taken from
the inlet and the outlet of the protein-skimmer system from July
11, 1984, through August 28, 1984. Inlets and outlets in both



systems were sampled between September 25, 1984, and October 6.
1984. Sample collections were specified by Julian dates running
consecutively for two years, numbering 1-730.

The following physical and chemical parameters were measured
for single samplesi temperature, salinity  American Optical hand-
held refractometer !, pH  American Public Health Association,
1981!, carbon dioxide  Hach Chemical Company, 1983!, MPN total
coliforms  American Public Health Association, 1981!, and MPN E.
coli  American Public Health Association, 1981!. The foliowing
were determined in duplicate: dissolved oxygen  American Public
Health Association, 1981!< percent oxygen saturation  Strickland
and Parsons, 1968!> biological oxygen demand  American Public
Health Assoc'iation, 1981!l anmonium  Martin, 1972!< anmonia  Bower
and Bidwell, 1978 !; nitrate  Muliin and Riley, 1955 !i nitrite.
 American Public Health Association, 1981!> total alkalinity  U.
S. Environmental Protection Agency, 1979!< calcium  U. S.
Environmental Protection Agency, 1979!> and marine agar plate
counts  Schleper, 1972!. Total alkalinity, calcium, and carbon
dioxide levels were not determined for 1983 biological-filter
samples.

The operator documented the total number of crabs, total
sheds, and total morta'lity for the protein-skinmer system during
July and August, 1984. Although complete records were not
available for the three remaining operating conditions, the
fo'ilowing categories were defined>

�! Biological Filter Stocked at High Densities, >50 crabs
per system per day,  May-June, 1983 !

�! Protein Skinmer Stocked at High Densities, >50 crabs per
system per day,  July-August, 1984 ! ~

�! Biological Filter Stocked at Low Densities, <50 crabs
per system per day,  September-October, 1984!

�! Protein Skimner Stocked at Low Densities, <50 crabs per
system per day,  September-October, 1984 !

The General Linear Regression Model of the Statistical
Analytical System  SAS!  Ray, 1982! was used to perform
correlation procedures on protein-skimmer data generated when the
system was densely stocked. Four variables � crabs added, crabs
shed, total crabs, and dead crabs - were compared with ail
chemical and physical parameters determined during that portion of
the study. A SAS GLM ANOVA procedure compared inlet and outlet
samples for al'i monitored parameters in each system  Ray, 1982!.



in the remainder of the paper, "significant" will refer to
statistical results with p < 0 ~ 05.

RESULTS

8 iolo ical F il ter

Figure 1 detai'is changes in pH, temperature  'C!, and
salinity   ppt ! for biological-filter outlet samples collected from
May-July, 1983  high-density stocking ! and Figure 2 does the same
for inlet and outlet samples collected during September and
October, 1984   low-density stocking !. Mater temperatures
increased during the summer and decreased in the fall. Salinity
levels gradually increased from 11 ppt  day 124! to 27 ppt  day
205 ! for high-density stocking of the biological-filter system.
Salinity concentrations for low-density stocking varied randomly
and ranged from 17.5 to 20.5 ppt. Dissolved oxygen � mg/1! and
bioiogicai oxygen demand  BOO mg/ii levels determined for dense
crab populations are presented in Figure 3. Carbon dioxide
 mg/1!, 02  mg/1!, BOD  mg/1!, calcium  mg/1!, and alkal inity  mg
CaC03/1! concentrations determined for low crab densities are
shown in Figures 4 and 5. BOD levels were greater for high crab
populations than for low populations. Dissolved oxygen levels
were depressed from Julian dates 146 to 180  Figure 3!. Oxygen
saturations were consistent at both stocking densities  Figures 6
and 7!.

Figures 8, 9, and 10 show nitrogen compound levels for the
biological filter operating under dense and sparse crab
populations. No consistent differences or concentration patterns
were noted for amnonium  NH4! or amnonia  NH>! levels. Nitrate
 NO~! concentrations increased rapidly when Ehe system w~s stocked
at low densities, ranging between 189 pg/1 and 3.95 x 10 pg/1
 Fjiigures 7 and 8!. High density NOq levels jncreased from 1.22 x
10 pg/1  day 133! to a maximum of T.62 x 10~ pg/I  day 197! and
returned to 1. 50 x 10 yg/1  day 208 !  Figure 6 !. N itrite levels
decreased for dense crab populations and demonstrated an inverse
relationship to nitrate levels on yll occasions. Nitrite
concentrations peaked at 1.97 x 10~ pg/1 for high-density samples
and at 17 yg/1 for low-density samples  Figures 8, 9, and 10 !.

Microbiological populatio~s determined by marine aga~ plate
counts ranged between 2.2 x 10 organisms/ml and 1 ' 0 x 10
organisms/ml for densely stocked samples and between 8.5 x 10
organisms/ml and '1.2 x 10~ organisms/ml for the sparsely stocked
trial  Figures 11 and 12!. Coliform and E. coll levels showed no



consistent- patterns  Figures 13 and 14!. No significant
differences were determined between inlet and outlet vaiues for
all monitored chemical, physical, and microbiological parameters.

Protein SkiiiIiier

Temperature  'G ! and PH data presented in Figures 15 and 16
for the protein-skiiimer system exhibited no major trends during
sparse and dense stocking. Temperatures were within expected
seasonal variations. Salinity levels gradually increased from 13
ppt  day 557! to 16 ppt  day 574! during high-density stocking of
the protein-skiririier system  Figure 15!. Salinity concentrations
varied randomly for low-density stocking and ranged from 17 to 19
ppt  Figure 16!. Oxygen levels remained between 6 mg/1 and 8 mg/1
during the suiimier  Figures 17 and 18! and increased to a maximum
concentration of 9.4 mg/1 in the fall  day 642!  Figures 19 and
20 !. Alkalinity levels rapidly fell from an initial va'iue of 125
mg CaC03/1  day 557!  Figure 17! and leveled off at approximately
70 mg CaCO3/1 for the rest of the study  Figures 17, 18, 19, and
20!. Calcium levels decreased from an initial mean inlet and
outlet level of 101 mg/1  day 557! for high-density stocking to a
minimum value of 80 mg/1  day 559! then continued to increase for
the remainder of the study, reaching a maximum mean concentration
of 240 mg/1  day 643 ! during low-density stocking  Figures 17, 18,
19, and 20!. BOD levels ranged between 0.69 mg/1 and 6.33 mg/'i,
but no consistent pattern was observed  Figures 17, 18, 19, and
20 !. Oxygen saturation ranged between 78.44 and 100.04 for inlet
and outlet samples  Figures 20 and 22 !. Saturation values
increased between days 635 and 644 when the system was stocked at
low densities  Figures 21 and 22!.

Recorded anmonium concentrations ranged between 31 pg/1 and
686 wg/1. No trends were discernible  Figures 23, 24, 25 and 26!.
Amnonia concentrations peaked at 23 pg/I  day 557!. The lowest
value, 0.3 yg/1, was recorded on day 641. Nitrates accumulated in
the protein-skimmer system over time, regardless of stocking
densities  Figures 23, 24, 25, and 26 !. Nitrite levels ranged
between 100 kg/ 1 and 810 kg/1 for dense crab populations. Nitrite
levels determined for the sparsely stocked system decreased
rapidly from 338 pg/'i  day 633! to 10 pg/1  day 639! and stayed
below 20 pg/1 for the remaining samples  Figures 23, 24, 25 and
26!.

Marine agar plgte count populations ranged between 104
organisms/ml and 10 organisms/ml for both stocking levels
 Figures 27 and 28!. MPN total coliform organisms showed no
consistent pattern, ranging from 68 organisms/100 ml to 16,000
organisms/100 ml  Figures 29 and 30 !. MPN E. coli levels ranged
between none detected and 490 organisms/100 el~Figures 29 and



30!. No signif icant differences were determined between inlet and
outlet values for all monitored chemical, physical, and microbio-
logical parameters.

Figure 31 presents the number of added, shed, dead, and tota'l
crabs in the protein-skimmer system stocked at high densities.
Total crab populations ranged from 50 to 165 during 16 days of
operation. The percentage of successful sheds registered between
15.94 and 97. 10  Figure 32 !. Mortality figures were low, ranging
from 1.54 to 8.14.

Protein Skimer Versus Biolo ical Filter  Hi h Densit !

The protein skimmer and biological filter systems had similar
responses to temperature  'C!, salinity  ppt!, pH, oxygen
concentrations  mg/1!, percent oxygen saturation, and BOD levels
 mg/1 !  Figures 1, 3, 6, 15, 17, 18, and g2 !. Biological filter
amnonium levels  NH4! fell from 5.12 x 10~ pg/1  day 124! to 31
pg/1  day 133 !. Biological-filter amnoni um levels were less than
protein-skimmer concentrations for a'll but the initial samp'ie.
Protein-skimmer amnonium levels ranged from 126 pg/1 to 686 pg/1
for the densely stocked system. Amnania  NH3! levels followed a
similar pattern with biological-filter concentrations decreasing
rapidly from 287 pg/1  day 124! to 2 ug/1  day 138!. The minimum
recorded anmonia level was 0.5 ug/1  day 187!, Protein-skimmer
levels ranged between 2.6 ug/1 and 23 ug/1  Figures 8, 23, and
24 !.

Nitrate levels were high in both systems, with peaks
exceeding 1 x 10~ pg/l. Nitrite concent~ations decreased with
time in the biological system �.97 x 10 pg/1 to 49 ug/1!, while
nitrate levels increased. Protein-skirener nitrite values varied
randomly and ranged from 100 Ng/1 to 810 wg/1.

Biological-filter marine agar plate counts ranged from 8.80 xi03 organisms/mi to i.00 x ig or1anisms/mi, while protein-s!isnmr
populations ranged from 6.85 x 10 organisms/ml to 3.73 x 10
organisms/ml  Figures 11, 27, and 28! ~ No pattern was observed
for coliform or E. coli populations fn either system  Figures 13
and 29!.

Protein Skimner Versus Biolo ical Filter  Low Densit !

There were no consistent differences in pH, temperature  'G!,
salinity  ppt!, carbon dioxide  mg/l !, or BOD  mg/1! levels
between both systems stocked at low densities  F igures 2, 4, 5,
16, 19, and 20 !. Biological-filter calcium levels were
consistently lo~er   range � 103 mg/1 to 132 mg/1! than protein-
skimmer concentrations   range � 201 mg/1 to 240 mg/1!. Alkalinity



values were reversed with protein-skimmer concentrations falling
between 67 mg CaC03/1 and 86 mg CaCO>/1, whi le biological levels
ran'ged between 106 mg CaC03/1 and 131 mg CaCO!/1  Figures 4, 5,
19, and 20!. Dissolved oxygen leve'is were similar in both systems
except for a minimum value of 3.75 mg/1 for the biolog Jcal filter
on day 634 following a pump failure  Figures 4, 5, 19, and 20! ~
Oxygen-saturatJon va'iues exhibited the same pattern  Figures 7,
21, and 22!.

Both systems' amnonium  NH4! concentrations were similar.
Protein-skimmer anmon Ja  NHz ! concentrations were lo~er   range�
0. 3 pg/1 to 3.5 pg/1 ! than 6 iological-filter levels   range - 0. 4pg/1 to 15 pg/1!  Figures 9, 10, 25, and 26! ~ Biological nitrat~
levels increased with time   range � 1.84 x 10 pg/1 to 3.95 x 10
pg/1!, but remaineii much lower than pJ.'otein-skinmer concentrations
  range - 2. 20 x 10~ pg/1 to 2. 49 x 10~ pg/1 !. Biological nitrite
concentrations   range � 6 pg/1 to 17 pg/1! wery less than protein-
skimmer levels   range - 10.5 pg/1 to 1.92 x 10~ pg/1 !  Figures 9,
10, 25, and 26!. Marine agar plate count populatJons decreased
with time for bot systems, but biological-fj.lter populations
 range � 8.5 x 10 organisms/ml to 1.22 x 10~ orItanisms/ml! were
less than protein-skimmer populations �.64 x 10 organisms/ml to
3.31 x 10 organisms/ml!  Figures 12 and 28!. No trends or
differences were noted for total coliform or E. coli levels
 Figures 14 and 30 !.

Protein-Skinner Ni h-Densit Crab Correlations

The only complete record of total crabs, shed crabs, added
crabs, and crab mortality was available for the protein-sklmner
system stocked at high densitJes. Crab population levels are
presented in Figure 31  days 557-574!. Correlations determined
for total crabs, added crabs, shed crabs, and dead crabs and the
monitored physical, chemical, and microbiological parameters are
presented in Tables 1 and 2  Ray, 1982 !. Although not significant
at the 0.05 level, two parameters exhibited strong negative and
positive correlations between crabs added to and shed in the
system, respectively. Ammonia concentrations correlated
negatively  p ~ 0.059! with crabs added to the system while
alkalinity sho~ed a positive correlation  p ~ 0.056! with crabs
shed  Tables 1 and 2!. Ail correlations referred to in the
remainder of the paragraph were significant, p < 0.05. A positive
correlation was determined between total crabs and the carbon
dioxide content of the water  Table 1!. Negative correlations
with crab sheds were determined for salinity and nitrate levels
 Tables 1 and 2 !.



OISCUSSiON

Both filters maintained dissolved oxygen levels that exceeded
the minimum 4 mg/1 needed to support crab and filter metabo'iisms
on all but one occasion  Osterling, 1984 !. The b iologica 1-filter
system fell to 3.7 mg 02/1 fo1lowing a pump failure. However,
recent work by Manthe et al.   1984 ! suggests that acceptable
dissoived oxygen levels in the shedding tanks �.6 mg/'i! provided
only 2.0 mg/1 dissolved oxygen to the biological f i'iter. Low
oxygen levels act as the 1imiting factor for biological oxidation
of nitrogen compounds. Additional filter oxygenation could
increase efficiency.

Nitrate levels were high in both systems, with the biologicalfiiter peaki~g at 1.93 x 10 pg/1 and the protein skimme[ peaking
at 2.49 x 10 yg/1 ~ Neither system reached the 3.6 x 10 ug/1
level that Manthe et al.   1984! proposed as an approximate upper
safety limit for shedding blue crabsi however, a significant.
negative correlation was determined between nitrate concentrations
and the number of crabs shed when the protein-skimmer system was
stocked at high densities. Both nitrate levels ~ere within the
same orders of magnitude  ranging from 2. 14 x 10 pg/1 to 3 ' 50
pg/1! reported for closed systems monitored by Malone et ai.
�984!. Protein-skimmer nitrite levels were generally greater
  rangeS i high de~Sity - 100 pg/1 tO 810 pg/1 1 lOw denSity - 10 ' 5Og/i to 1.92 x ig ng/i! than the biological-filter concentrations
  ranges s h i gh dens i ty � 49 wg/1 to 1.97 x 10 ug/1 > low dens i ty�
6 pg/1 to 17 pg/1!, although biological-filter nitrite peaks
exceeded protein-skimmer levels on occasi~n. The peak biological-
f i'iter nitrite concentration of 1.97 x 10 pg/1 occurred on the
first day of sampling, prior to comp'iete conditioning of the
filter. The level was less than the 2 ' 0 x 10~ pg/1 nitrite
concentration reported by Malone et al .   1984 ! for an overstocked
and failing closed, recirculating shedding system. Nitrite leve'is
decreased rapidly after the first day and remained below prot~in-
skimmer concentrations. Neither system exceeded the 2.0 x 10
pg/1 toxic nitrite limit for molting crabs or the 2.0 x 10 pg/1
toxic 'limit for intermolt crabs  Manthe et al. 1984!. Protein-
skimmer arenonium  NH4! and arwenia  NH3! levels stabilized above
biqlogical-filter concentrations, but neither system reached 7 x
10~ pg NH3/1, the concentration toxic to peeler crabs  Osterling,
1984 !. Maximum recorded ammonia concentrations f' or the
biological-filter system and protein-skimmer system, resp~ctively,
3.5 pg/1 and 14.6 ixi/1, were much less than the 5.00 x 10 gg/1
reported by Malone et al. �984!.

The biological filter maintained lower calcium concentrations
 range � 103 mg/1 to 132 mg/1! than the protein skimmer  range�



201 mg/1 to 240 mg/1! when stocked at low densities. Alkal inity
levels showed the opposite effect, with biological-filter values
ranging from 106 mg CaC03/1 to 131 mg CaCG3/1 and protein-skirrmer
levels ranging from 67 mg CaC03/I to 86 mg CaCO>/l. Both oyster-
shell  protein-skimner! and coral  biological! Pi 'Iters maintained
greater a'Ikalinity levels than those reported by Malone et al.
�984!, 70 mg CaC03/I to 30 mg CaC03/1, for a clam shell,
dolomite, and activated carbon filter. Although not significant,
the number of crabs shed had a strong positive correlation with
aikalinity levels  Table 1!.

Two significant negative corre'Iations were determined between
crabs shed and salinity and nitrate levels when the protein
skinner operated at high densities. Salinity levels ranged
between 1! and 16 ppt. Nitrate levels ranged from 672 pg/1 to
1.51 x 10~ ~/I and were below concentrations reported toxic to
intermolt and molting crabs. Positive correlations between total
crabs and carbon dioxide levels were indicative of system stress
resulting from increased crab populations and their waste
metabolites.

CONCLUSIONS

Nitrate, nitrite, and amnonlum concentrations remained below
accepted toxic limits for molting blue crabs in both the protein-
skimmer and biological-filter systems. However, a significant
negative correlation was established between nitrate
concentrations and the number of crabs shed in the protein-skinner
system. Amnonium, ammonia, and nitrite levels were generally
greater in the protein-skimmer system than in the biological-
filter system.

The oyster-shell filter of the protein-skimmer system
produced calcium levels that exceeded and alkalinity levels which
were less than those determined for the crushed-coral medium of
the biological-filter system. The efficiency of the crushed-coral
biological filter increased with time and conditioning as
evidenced by decreasing nitrite levels.
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Figure 1. Outlet pH, temperature  'C!, and salinity
 ppt! levels for the biological filter stocked
at high densities  May-July, 1983!
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inlet and outlet pH, temperature  'C!, and
salinity  ppt! levels for the biological filter
stocked at low densities  September-October,
1 g84!
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F igure 3. Outlet dissolved oxygen and 800 levels
for the biological filter stocked at high
densities  May-Ju'ly, 1983!
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Mean inlet dissolved 02, dissolved
C02, alkalinity, calcium, and BOD
levels for the biological filter stocked at
low densities  September-October, 1984 !
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Figure 5. Mean outlet dissolved 0>, dissolved
C02, alkalinity, calcium, and BOD
levels for the biological filter stocked at
low dens i t i es   SeptemberWctober, 1984!
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Figure 6. Mean outlet oxygen-saturation levels for
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levels for the bio1ogical tilter stocked
at high densities  May-July, 1983!
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densities  September-October, 1984!
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densities  September&ctober, 1984!

29



i02

i00

88

88

82

80

Julian Date i983 � 1884
+ XO2-OutletTO2 � inlet

30

0

4

a

PROTEIN-SKIMMER INLET � OUTLET

July � August i984  High Density!

557 558 56i 583 565 567 569 57i 573

Figure 21. Mean inlet and outlet oxygen-saturation levels
for the protein skirrrner stocked at high
dens it les   Jul y-August, l984!



PROTEIN-SKIMMER INLET-OUTLET

Septetnbet-October i884  Low Density!

.al

90

89

88e 4 0

l4 84
83

643637 638 64i633 Julian Date f983-l984
+ F02-Outlet0 F.OR � Inlet

Figure 22. Mean inlet and outlet oxygen-saturation levels
for the protein skimmer stocked at low densities
  September-Gctober, 1984!

31



PROTEIN-SKIMMER INLET

July-August 1984 {High Density!
318227

100000

31822.

10000

3162.2

1000

318,22

100

31. 622

10

3.1822

SS9 571 573583 565 567551 559 5S 1

Julian Date 1983-1984
+ NH3 0 N03 b N02U NH4
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densities  September-October, l984!
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densities  September-October, l984!
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