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ABSTRACT The objective of this study was to identify risk factors for productivity losses in the Canadian lobster industry. Lobster
handling and fishing practices onboard 64 fishing boats and transportation conditions on 49 vehicles subsequently transporting these
lobsters from fishing wharves to processing plants were assessed during the spring and fall fishing seasons of 1997 on Prince Edward
Island. These practices and conditions were then related to the health of the lobsters. estimated by the vigor status on arrival at the
processing plants. A generalized estimating equation logistic regression model was used to assess the impact of handling. fishing, and
transportation practices on lobster vigor. Significant risk factors for loss of vigor included the following boat-level factors: the use of
mackerel for bait (odds ratio, OR, of 7.1; P = 0.003), tossing (as opposed to placing) lobsters from traps to temporary holding umits
on board the fishing boats (OR = 3.6, P = (.048), and exposure to rain while on board fishing boats (OR = 3.6, P = 0.011). while
greater maximal depths at which the traps were set had a protective effect on lobster vigor (OR = .85/m, £ = 0.010).

KEY WORDS:
INTRODUCTION

Among Canadian fisheries, the lobster (Homarus americanus,
H. Milne Edwards 1837) fishery is one of the most important, both
in volume and in landed value. It consists primarily of a special-
ized inshore small boats fishery (Pringle and Burke 1993). Pater-
son and Spanoghe (1997) suggested that sampling lobsters at vari-
ous points of handling should yield information on stressors influ-
encing lobster health. The traditional lobster industry in Atlantic
Canada is usually represented by the fishing sector that sells its
daily catch to buyers located directly at the fishing ports, and these
buyers can either sell their live product to processing plants or to
seafood companies specializing in live holding. Lobsters can then
be shipped live or processed before being exported. Variations in
lobster health, before and after short or long-term holding, are
hypothesized to be associated with conditions experienced while
on fishing vessels and perhaps also during wharf-level handling
events.

Several potential risk factors for productivity losses in the Ca-
nadian lobster industry were identified by monitoring handling and
fishing practices on board fishing boats and during subsequent
transport from fishing wharves to processing plants during the
1997 spring and fall fishing seasons in Prince Edward Island (La-
vallée et al. 2000). These factors included some crew and boat
specifications, such as crew size and years of experience of the
captain. They also included the environmental variables rain, sun-
light, wind, wave, water. and air temperatures. Fishing practice
risk factors investigated included trap setting configuration and
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depth at which traps were set, lobster handling methods, type of
bait, contact among lobsters before grading and banding. type of
temporary storage unit and holding tank, water and lid availability
for holding tanks. methods of transferring lobsters, and maximum
and minimum periods spent on boats. Transportation conditions
included the following risk factors: type of vehicle, presence of ice
during transportation, type of shipping unit, outside air tempera-
ture, and other weather conditions. time interval between wharves
and processing plants, and maximum duration shipments stayed
transport vehicles.

The objective of this study was to develop an epidemiological
model to assess the impact of different fishing and handling prac-
tices previously identified as potential determinants of the health
and quality of lobsters upon arrival at processing plants.

MATERIALS AND METHODS

Data Collection and Vartable Selection

Data on lobster physical and physiological status, and on fish-
ing practices, handling practices, and transportation conditions that
may have a significant impact on lobster health before holding,
after holding, or prior to processing and marketing were collected
between May 1997 to August 1997 in Prince Edward Island,
Canada. Date were obtained by monitoring fishing practices on
boats and subsequent transportation conditions as lobsters were
moved to processing plants. Fishing and handling practices were
monitored daily in 64 groups of lobster. Each group consisted of
all market-sized lobsters (carapace length =81 mm) caught on one
boat during one day. These groups were subsequently transferred
to processing plants by 49 different vehicles. Lobster health was
assessed directly on board the fishing vessels, and later when
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sroups were landed, and eventually at the processing plants (see
Lavallée et al. 2000 for further description of the data collection
process).

Variables recorded were a mixture of continuous, ordinal,
nominal. and dichotomous variables. Continuous variables were
converted to dichotomous variables with two levels when the in-
dependent variable showed a tendency to group around discrete
values. The outcome variable for the model was a dichotomous
variable describing the vigor of each lobster upon arrival at pro-
cessing plants. Every lobster was individually observed. and a
lobster showing any delay or absence of response (i.e.. tail fhp-
ping, claw(s) rising, antenna(e) movement) to physical stimuli was
given a score of “1” (decreased vigor): whereas, a lobster showing
immediate response to physical stimuli was given a score of “0”
(normal vigor).

Statistical Analysis

The dataset was transferred into a statistical software package
(STATA™ version 5.0, Stata Corporation, College Station, Texas,
USA., 1996). After transformation of all categorical vanables into
dichotomous variables, 47 explanatory variables were retained.
Unconditional associations between the outcome (lobster vigor
score at arrival at the processing plant) and the predictors were
evaluated by Chi-square tests for dichotomous variables (with cor-
responding relative risks) and by r-tests for the continuous vari-
ables. For all analyses, observed associations were considered sig-
nificant when P < 0.05.

Variables with significant unconditional associations with the
dependent variable (lobster vigor) were selected for inclusion in a
multiple variable model building process. The model used was a
logistic regression model using a generalized estimating equation
(GEE) procedure (Liang and Zieger 1986). The model assumed a
binomial error distribution. calculated robust standard errors, and
used a logit link function with an exchangeable correlation struc-
ture for the correlations among lobsters within a boat.

A forward stepwise procedure under the control of the mves-
tigator (i.e., not computer generated) was used to identity variables
having important associations with lobster vigor at the processing
plants. Initially, a model containing only the main effect for each
variable showing significant association was fit. Then, all possible
two-way interactions among these individually significant vari-
ables were explored. Finally, three-way interactions were consid-
ered for inclusion in the model. Models were compared using the
deviance statistic, and the model with the lowest deviance was
selected. The fit of the model was assessed using a Hosmer—
Lemeshow goodness-of-fit test. For comparison purposes, the final
model developed using GEE was subsequently fit as a multilevel
model (MLwIN Version 1, University of London) with lobster as
the level | identifier and boat as the level 2 identifier. Second-
order PQL (penalized quasilikelihood) estimates were obtained
using the RIGLS (restricted iterative generalized least-squares)
estimation procedure.

RESULTS
Descriptive Statistics

From 64 groups of lobsters assessed during this study, 17
groups were rejected because of missing information at the pro-
cessing plants. The outcome, lobster vigor upon arrival at the
processing plant, was assessed on a total of 2,191 lobsters from 47
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different groups or fishing boats, Because of the limited number of
boats sampled in the fall and the obvious differences in environ-
mental characteristics, only data from 38 boats in the spring season
were used in developing the model. In the spring sampling, vigor
was assessed on 1,181 lobsters from 38 boats. A total of 35 lob-
sters had decreased vigor upon arrival at processing plants in the
spring season, with 12 groups having at least 1 lobster with de-
creased vigor.

Measure of Association

Three continuous variables (date, maximal, and minimal depths
at which traps were set) and 19 of the 39 dichotomous variables
were found to be significantly associated with lobster vigor
(Tables 1 and 2). and retained for further analysis, The vigor of
lobsters assessed directly on boats was significantly associated
with vigor upon arrival at the processing plants. However, this
variable was not kept as predictor for further analysis because of
the small number of cases (n = 3) of decreased vigor observed on
boats and the plant. Similarly, flatfish as bait was also dropped:
although 76 lobsters were fished with flatfish as bait, it represented
only 1 fisher.

Handling and Fishing Practices

The minimal and maximal depths at which traps were set
showed significant unconditional associations with lobster vigor
status assessed upon arrival at processing plants (Table 1). Re-
duced vigor lobsters tended to come from more shallow water
(minimal and maximal depths of 3.5 m and 14.8 m. respectively)
compared to normal vigor lobsters (minimal and maximal depths
of 5.4 m and 17.6 m, respectively).

Boats with smaller crews and older captains tended to have a
higher risk of producing low vigor lobsters (Table 2). Lobsters
landed from boats with crews of two or fewer members were 2.4
times more at risk of having a decreased vigor at the processing
plant than lobsters landed by larger crews, while the same risk was
3.0 times greater when landed by a captain with more than 20 years
of experience compared to less experienced captains,

A number of weather-related variables had significant uncon-
ditional associations with lobster vigor (see Table 2). Warm
weather. rain. sunlight, and rough weather (waves) all increased
the risk of low vigor. After dichotomization, both the maximum
(=10 °C or =10 °C) and minimum (=9 °C or =9 “C) air tempera-
tures had significant unconditional associations with lobster vigor
at processing plants. When the maximum temperature was above
10 °C, lobsters were 3.6 times more likely to experience loss of
vigor at the plants than when the maximum daily temperature was
10 °C or below. A similar situation was noted with the minimal
daily air temperature, with relative risk of observing decreased
lobster vigor at the plant of 3.1 when the minimal air temperature
was above 9 °C. When caught on rainy days, lobsters were 6.3
times more likely to have decreased vigor upon arrival at the plant
compared to nonrainy days. Also significant was the exposure (0
sunlight. with relative risk for lobster decrease in vigor of 5.3 it
landed on sunny days as compared to cloudy days. When the
waves were classified as moderate to strong. lobsters were 3.3
times more likely to suffer from loss of vigor at the plants com-
pared to when waves were calm to minimal.

Boats fishing with mackerel or flatfish baits were at higher risk
of delivering lobsters with lower vigor: whereas, boats fishing with
oaspereaux bait landed livelier lobsters (Table 2). When fished



Risk FACTORS AFFECTING LOBSTER HEALTH

TABLE 1.

Unconditional associations between fishing practices and lobster (Homarus americanus) characteristics that were measured on a continuous
scale, and a measure of lobster vigor at the processing plant.

Mean
Normal Decreased

Variable Description P-value vigor' vigor'
Drate Date of the boat sampling (# of days from January 1) (0.026 1629 166.3
Water temp. Surface water temperature (“C) 0. 181 18 8.6
No. traps Number of traps hauled (111 259 300
Max. depth Maximum depth at which the traps were set (m) (.001 17.6 14.9
Min. depth Minimum depth at which the traps were set (m) {1.003 5:4 3.5
Weight Individual weight as measured at the whart (kg) 0.381 (L58 (.63
Length Individual carapace length as measured on the boat (mm) (414 88.2 859.4
Protein Total hemolymph protein. on the boat (g/L) (1190 17.4 8.8
Hemocyte Total hemocyte counts, on the boat (x 10° hemocytes/ml) 0.422 198.3 221.3

' Normal and decreased vigor as assessed at the processing plant with the dichotomous variable “vigor.”

The P-values were obtained by f-test.

with mackerel. lobsters were almost 4 times more likely to express
loss of vigor compared to fishing with alternate baits, while gas-
pereaux had a protective effect whereby lobsters fished with gas-
pereaux were only one-third as likely to have reduced vigor. Lob-
sters fished with tlatfish as bait seemed to be 5.3 times more likely
to suffer loss of vigor upon arrival at the processing plant. How-
ever, flatfish bait was used by only one fishing boat included in the
study and, therefore, its unconditional effect may be overesti-
mated. For a complete description of the frequency distribution of
the baits used see Lavallée et al. (2000).

Rough handling, physical contact among lobsters before mea-
suring the carapace, the use of plastic totes as temporary storage
units, and packing lobsters over at the wharves, were all practices
that induced higher risk for loss of lobster vigor (Table 2). Lobsters
coming from boats where physical contact before carapace mea-
surements was possible had an 18 times greater chance of suffering
loss of vigor at the processing plants than if they were landed from
boats in which physical contact between lobsters was purposefully
prevented. Lobsters landed from boats in which lobsters were gen-
erally tossed from the traps to the temporary holding units were
almost 3 times more hikely to sutfer vigor loss at plants as com-
pared to lobsters that were placed into temporary holding units. If
these temporary holding units were the traditional plastic totes,
then lobsters were 4 times more likely to express loss of vigor at
processing plants than if other types of temporary storage units
were used (Table 2). Furthermore, the practice of packing over the
lobsters once at the whart showed that lobsters that went through
this process were more than 3 times more likely to have decreased
vigor at the processing plants than lobsters that did not go through
this process. All other handling and fishing practices did not show
any significant unconditional association with the lobster vigor
status at processing plants (Table 2).

Transportation Conditions

Three transportation variables individually showed statistically
significant association with lobster vigor loss when assessed at
arrival at processing plants: the use of closed compartment ve-
hicles, warmer outside air temperatures. and windy conditions dur-
ing transport between wharves and processing plants (Table 2).
When the transport vehicle was a nonrefrigerated closed compart-

ment truck, lobsters were almost four times more likely to have
decreased vigor than if other types of vehicles (open-bed truck or
pick-up truck, and vehicle equipped with a closed refrigerated
transportation) were used. In the presence of moderate to strong
winds during transportation, the proportion of lobsters that suf-
fered from loss of vigor upon arrival at the processing plants was
7.3% as compared to 1.5% in the presence of calm or light winds;
lobsters transported during windier days were more than five times
maore likely to have vigor loss at the plants. Finally, if the outside
air temperature was above 18 °C, lobsters became seven times
more likely to suffer vigor loss at the processing plants than if the
air temperature was 18 “C or less. No other transportation condi-
tons showed sigmificant association with lobster vigor at the pro-
cessing plants.

Regression Models

The Generahized Estimating Equation logistic regression model
(GEE) identified four significant variables predicting lobster vigor
at the processing plant: maximum depth at which traps were set,
occurrence of rain during fishing, tossing of the lobsters from traps
to temporary storage units, and the use of mackerel as bait (Table
3). While controlling for other factors, lobsters landed from boats
in which mackerel bait was used instead of alternate baits were 7.1
times more likely to have decreased vigor at the processing plants;
lobsters were 6.3 times more hikely to have decreased vigor if
landed on rainy days as compared to nonrainy days; and lobsters
from boats on which they were generally tossed into the temporary
holding units were 3.6 times more likely to experience vigor loss
at the plant. Finally. lobsters caught in deeper waters were less
likely to have loss of vigor at the processing plants than lobsters
caught from shallower waters, with the risk of experiencing loss of
vigor decreasing by 1.2 for every meter increase in depth, while
controlling for other variables in the model.

The deviance for the multivariable model was 240.81, the Pear-
son dispersion coetficient for the model was 1.03. with a total of
1,148 observations, and the Chi-square value for the over-all sig-
nificance of the model was 36.56 (P < 0.001). The standard errors
were adjusted for clustering on the boat. using the GEE model. The
Hosmer—Lemeshow goodness-of-fit test yielded a Chi-sguare
value of 8.11 with a P-value of 0.423 (critical value = 15507, F















