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Abstract
A dynamic model originally developed to model lobster shell shedding mortality
was used to describe the impacts of Gaffkemia, a disease previously common in
American lobster (Homarus americanus). The model illustrated that as the mortality due
to Gaffkemia increased, annual lobster catch and the net income per fisherman would
decrease.
This model was also used to estimate the impact that the absence of Gaffkemia
had on the lobster population boom in the Gulf of Maine. With the removal of 6%
Gaffkemia mortality, the model estimates a 2016 catch of approximately 146 million
pounds of lobster from the population. This is larger than the official catch for 2016
which was 130,844,773 pounds.
The second compounded situation, using a simple compounded model, estimates
that if Gaffkemia operated at a 5% mortality rate, its reduction would result in a 2016
catch of approximately 92 million pounds while 8% mortality reduction would result in a
catch of approximately 176 million pounds. The removal of 6% Gaffkemia mortality
most closely mimics what was seen in real life landings data.
An exponential fit to existing Gaffkemia mortality vs temperature data was
developed to allow for the modeling of mean time to death (in days) for lobsters under
various ocean water temperature scenarios. This equation could be used to predict a mean
time to death for lobsters with Gaffkemia at any temperature.
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Preface
The bacteria Aerococcus viridans var. homari causes a lethal disease in Homarus
americanus (American lobster) called Gaffkemia. Gaffkemia has caused high mortalities
in lobsters in lobster pounds. Terramycin (Oxytetracycline) was approved to treat
Gaffkemia in 1987 (Bayer and Daniel, 1987). The incidence of Gaffkemia observed in
lobster pounds has dropped dramatically since the introduction of Terramycin. Since its
relative disappearance, there has been little research regarding Gaffkemia in the Gulf of
Maine.
Until its eradication, the high mortality rate caused by Gaffkemia dramatically
impacted the Maine lobster population which, in turn, negatively affected the state’s
fishing economy. Lobster fishing accounts for 44% of the Maine fishing efforts, followed
by Atlantic herring (26%) and seaweed (5%). Lobster fishing in Maine makes up 73.9%
of commercial fishing capital (Maine Department of Marine Resources, 2016).
Understanding how a disease impacts the population is imperative to knowing its impacts
on the economy. A reduction in the number of lobsters present in the Gulf of Maine
would be detrimental to Maine’s economy.
Conversely, in recent years, the number of lobsters caught in the Gulf of Maine
has increased dramatically. Many scientists have credited this increase to climate change,
warmer waters or improved management. In doing so, they have overlooked any effect
that the absence of Gaffkemia may have had on the lobster population.
This model helps us to explain the population changes before and after the
disappearance of Gaffkemia by showing the differences between years with high
mortality rates and years with low mortality (less instances of Gaffkemia). This model
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could be adapted to accommodate any other diseases that may affect American lobster
and can serve as a starting point for ecologists to predict future impacts of Gaffkemia or
similar diseases as they arise.
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Introduction
Literature Review
The American lobster,
Homarus americanus is indigenous
to the Atlantic coast of North
America, including parts of Canada
and the United States. Lobsters can
live up to 100 years and grow up to
3 feet long. Homarus americanus
reach harvestable age between 5
and 8 years after hatching
(University of Maine Lobster
Institute). Lobsters are arthropods,
and have an exoskeleton. The
American lobster contains two
chelipeds (large claws), a bony
exoskeleton, antennae, four
walking legs and swimmerettes
(Figure 1).

Fig. 1. Comparison of the Caribbean lobster
(Palinuridae) to the American lobster (Homarus
americanus) Photo courtesy of Samantha
O’Gorman and the Lobster Institute.

Gaffkemia is caused by the
gram-positive tetrad-forming bacteria Aerococcus viridans var. homari. Gaffkemia was
first isolated and described in 1947 by Hitchner and Snieszko (Bayer and Daniel, 1987)
and plagued lobsters both naturally and in pounds for decades. It can affect lobsters of
any age and has been studied and isolated in lobsters less than 1 month old to lobsters
1

older than 10 years. Since the late 1990’s, Gaffkemia has virtually disappeared from the
lobster population in the Gulf of Maine and is not believed to have an impact on the
lobster harvest each year.
Lobster landings in Maine had remained around 20-30 million pounds for the 50
years prior to 1990, increasing only slightly from year to year. Since then, landings have
increased at a much more dramatic rate, reaching over 121 million pounds in 2015
(Maine Department of Marine Resources, 2016). Some theorize the increase can be
explained, in part, by the absence of the major ground fish predators, including cod and
haddock that have been overfished in recent years (Steneck et al., 2011). Others point to
warming in the Gulf of Maine as a major contributing factor, since warmer temperatures
can facilitate survival and activity (Quinn, 2017). This study discusses another factor,
Gaffkemia, that has not previously been considered, but has likely contributed to the
increased lobster abundance.
Gaffkemia is most commonly transmitted amongst lobster, primarily in
commercial lobster pounds, where physical conditions such as overcrowding or water
quality are less than favorable. Commercial lobster landing practices may cause damage
or harm to lobsters, particularly to their integument. Though Aerococcus viridans var.
homari. itself has no host invasion mechanism, the bacterium enters the hemolymph of
the lobster through these breaches. This is the singular vehicle for Gaffkemia
transmission. The bacterium cannot cause infection when ingested orally as it is killed
when in contact with lobster gastric fluid (Stewart et al., 2004). It can, however, be
injected into lobsters to cause infection in experimental situations (Robohm et al., 2005).
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Gaffkemia is extremely lethal because even small amounts of the bacteria can
multiply rapidly in the hemolymph to cause a fatal infection because lobsters do not
appear to have a strong defense mechanism against the bacterium. (Fisher et al., 1978).
Aerococcus viridans var. homari first enters the hepatopancreas and then the heart. It
later multiplies in the hemolymph where it feeds on the hemolymph sugars (Stewart and
Arie, 1973). Infected lobsters will appear lethargic and will discontinue normal
consumption behaviors (Maine Sea Grant Information Leaflet 13).
Lobster death from Gaffkemia results from several deadly symptoms. These
symptoms include; a reduced number of hemocytes, an increased blood clotting time due
to the removal of the clot initiating factor, a depletion of ATP and glycogen, and
impaired function of the hepatopancreas, a gland in lobsters that mimics the combined
function of the human pancreas and liver (Stewart and Arie, 1973). When infected with
Gaffkemia, a lobster will lose the majority of its glycogen stores in its tail muscle, heart
and hepatopancreas. Infection will also lead to a significant decline in non-protein
nitrogen and apparent disappearance of glucose in the circulating hemolymph.
Aerococcus viridans var. homari is able to outcompete the lobster for its own energy
resources and stores. This phenomenon results in the dramatic decrease in ATP and
therefore the cessation of important metabolic functions. This will eventually lead to
lobster death (Stewart and Arie, 1973).
Other studies have indicated that death from Gaffkemia may be most closely
related to hypoxia due to a reduction in oxygen binding capacity presented by the
bacterium (Rittenburg et al., 1979). Aerococcus viridans var. homari binds to and
changes the chemical structure of hemocyanin, a copper-based lobster oxygen
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transporting protein. This conformational change appears to limit the number of active
sites on the hemocyanin and therefore reduce the total amount of oxygen that can be
transported throughout the hemolymph. After the structural change, hemocyanin is
unable to properly or efficiently transport oxygen. Studies have shown that hemocyanin
under the influence of Aerococcus viridans var. homari has 50% of its regular oxygen
carrying capacity (Rittenburg et al., 1979).
Infections may be
diagnosed in later stages by
observing visible outward
symptoms or earlier in the
disease course through
bacterial cultures. Early
detection of Gaffkemia is
imperative for all lobsters
in the pound and all

Fig. 2. Aerocuccus viridans var. homari shown inside the
hemolymph of Homarus americanus as a tetrad forming bacteria
(Bayer and Daniel, 1987).

suspicious lobsters should be tested for the bacteria as soon as possible. Samples of
hemolymph should be tested for the presence of Aerococcus viridans var. homari, if any
lobster is suspected to be exhibiting symptoms or has been exposed to the bacterium.
(Maine Sea Grant Information Leaflet 13). Positive lobsters will appear to have clumps of
round blue or black bacteria that occur most often in tetrads (Fig. 2)
Water temperature is an important factor in relation to how long lobsters may
struggle with Gaffkemia prior to their inevitable death. Lobsters infected with
Aerococcus viridans var. homari have an extended lifespan at lower water temperatures.
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Infected lobsters had a mean time of death of 2 days at 20 ˚C as opposed to 250 days at
1˚C (Stewart et al., 1969). Lobsters have the highest chance of survival at temperatures
closest to freezing (0 ˚C). Infected lobsters that undergo rapid temperature changes are
more susceptible to death than infected lobsters at a constant temperature (Stewart et al.,
1969).
Salinity has also been proven to have an effect on infected lobsters depending on
whether the lobsters were infected before or after the change in salinity. Lobsters infected
after a change in salinity will exhibit accelerated symptoms and death. Homarus
americanus adapt slowly to changes in salinity. When already infected, lobsters
previously acclimated to regular oceanic salinity levels of 31.8% experienced decreasing
times of death when initially exposed to 26.1% salinity but these times gradually
increased after the sixth post infection day. Times of death were increased at 21.5%
salinity. For lobsters not previously infected, times of death decreased when the lobsters
were infected at lower salinities (Stewart, 1975).
An antibiotic has been approved for treatment of Homarus americanus infected
with Aerococcus viridans var. homari. Oxytetracycline, also called Terramycin, was
approved for treatment of Gaffkemia when fed in the diet of Homarus americanus. When
injected, Oxytetracycline was proven to be toxic. A vaccine was also created but was not
economically feasible for the lobster industry (Bayer and Daniel, 1987).
Lobsters caught in nature have been diagnosed with Gaffkemia. It is estimated
that between 5 and 7% of fresh-caught lobsters were infected with Gaffkemia at its peak
(Bayer and Daniel, 1987). In lobster pounds, this number can skyrocket due to the
damage that can occur to a lobster’s exoskeleton while in captivity. Gaffkemia has been
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studied in the Gulf of Maine as well as in Nova Scotia and Newfoundland. The number
of instances in each of these zones were variable (Vachon et al., 1980). Most recently,
instances of Gaffkemia have dropped dramatically in lobster pounds. As of 2001, natural
instances in the waters of Prince Edward Island Canada have dropped to 6.9% in the
spring, 5.8% in the fall and 6.30% overall. However, due to the diseased lobster’s
reduced will to consume food, these numbers may not represent the true values (Lavallée
et al., 2001).
In 1995, Maine divided its coastline into seven fishing zones to allow for proper
fisheries management This type of co-management allows for those in the industry to
have a say in policymaking (Acheson JM, 2013). It also allows for the sustainability of
the fishery over a period of time.
This study focusses entirely on Zone D lobster fishing. Zone D extends from the
southernmost area of Pemaquid point to northernmost Cape Rosier (Maine Department of
Marine Resources 2016). Figure 3 below shows the exact map of the fishing zones. Zone
D was used as an approximate average of all of the lobster fishing zones.
Fig. 3. Maine
Department of
Marine
Resources map
of commercial
lobster fishing
zones as of
2017. It extends
from the
Pemaquid
region to the
Cape Rosier
region of the
Maine coast.
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Justification
The bacteria Aerococcus viridans var. homari causes a lethal disease in Homarus
americanus (American lobster) called Gaffkemia. Gaffkemia has caused high mortalities
in lobsters kept in lobster pounds. The incidence of Gaffkemia observed in lobster pounds
has dropped dramatically since the introduction of Terramycin. Since its relative
disappearance, there has been little research regarding Gaffkemia in the Gulf of Maine.
A model developed by Samuel Belknap and others as part of an industry
awareness modeling project (Webler 2017) was used to back calculate the population and
economic effects the absence of this disease has had over the years. It was then used to
simulate and predict future impacts which will hopefully give rise to more research in the
near future.
Objectives and Hypothesis
The objective of this study is to explain how the absence of Gaffkemia is at least
partially responsible for the boom of the lobster population. The data collected should be
able to provide further insight into future landings data. The model will be able to help
predict the population and economic impacts if Gaffkemia, or even another disease of
similar magnitude, was to become prevalent again.
This study hypothesized that the absence of Gaffkemia is one of the factors contributing
to the large lobster catches that have been observed in recent years.
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Materials and Methods
Materials
Stella Architect Software and iSee Player (by iSee Systems, Lebanon, NH, USA)
were used to develop the hypothetical Gaffkemia prevalence scenarios. Microsoft Excel
software (Redmond, WA) which was used to keep track of data outputs from the model
and was used to create graphs and model the cumulative impact of Gaffkemia. An
existing model, discussed in length in Participatory Modeling and Community Dialog
About Vulnerability of Lobster Fishing to Climate Change in Maine (Webler 2017) was
used to explain the differences of high catch years and lobster molting patterns to
fishermen, was modified to illustrate the impacts of Gaffkemia. Screen captures of the
model are included below.
Description of the Model
The model used represents a scenario with one fisherman operating in an industry
of other fishermen who are operating in an identical manner. It is an idealized model
based on Zone D that has been extended to estimate impacts on the fishery as a whole.
This extrapolation is a very generalized way of thinking. Zone D does not necessarily
represent the fishing industry as a whole, nor can it provide an exact forecast for the
impact of Gaffkemia on all of the fisheries in the Gulf of Maine. The data provided by the
model shows a reaction of a system in only a small portion of the total lobster fishing
system, and the outputs are predictions on what could happen based on the facts given.
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Fig. 4. Page 1 of Lobster model. The “New legal lobsters entering area” variable was changed based on the
proxy number to model the compounded impact of Gaffkemia. To compare the high catch scenario to the
normal year scenario, “Shedding Scenario shed timing 2” was used. The normal year was considered to be
“shedding scenario shed timing 1” shown in blue (Webler 2017).

Fig. 5. Page 2 of Lobster Model. No variables were changed on this page (Webler 2017).
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Fig. 6. Page 3 of Lobster Model. The “Shed death rate” variable was changed. The original benchmark was
0.06, or 6%. The Gaffkemia model ranged from an additional 4% to 26%, or 10% to 32% overall (Webler
2017).

Fig. 7. Page 4 of Lobster Model. No variables were changed on this page (Webler 2017).
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Fig. 8. Page 5 of Lobster Model. This is the page where the model was run. The “New income” was
recorded as net income per fisherman (Webler 2017).

Fig. 9. Page 6 of Lobster Model. This is the results page (Webler 2017).
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Analysis of Gaffkemia mortality on lobster fishing
The natural mortality variable for the existing model that served as the natural
death rate of lobsters in the Gulf of Maine was set at 6% per year (Fig. 6). The natural
mortality variable for Gaffkemia, in which 5-7% was to be used as a benchmark, changed
during each model run. The mortality of Gaffkemia was added to the original natural
mortality value meaning that the trials included the original 6% mortality starting point.
For example, trials run at 4% Gaffkemia mortality were treated as 10% total mortality
and so on. The other trials added the impact of Gaffkemia with an additional 4-8%
mortality. The final trial illustrated the high end of mortality attributed to Gaffkemia at
26%. The annual lobster catch and the net income per fisherman were recorded for each
trial. These values are shown in Figures 8 and 9. These values were used to represent the
average impacts of Gaffkemia. Graphs and tables were generated to further describe the
model.
Analysis of the compounded effect of Gaffkemia mortality on lobster fishing
To illustrate the compounded effects of Gaffkemia, model outputs including
untrapped sheds, dead sheds, uncaught legal hards and hards aging out were taken into
account. The term “sheds” refers to the soft-shell lobsters that have shed to legal size and
are kept once caught. The term “hards” refers to hard shell lobsters and lobsters that are
left at the end of the fishing year. To illustrate the new number of lobsters entering the
area, the following formula was used: (Untrapped sheds – dead sheds) + (uncaught legal
hards -hards aging out). This was referred to as the “proxy number”. These values can all
be found in Figure 9.
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Six percent mortality was used to account for the cumulative impact of
Gaffkemia. The model was run at 6% Gaffkemia mortality and the total trapped,
untrapped sheds, dead sheds, uncaught legal hards and hards aging out values were all
recorded. The resulting proxy number (approximately 100 pounds of lobster) was added
to the population using the “new lobsters entering the area” slider bar. The model was run
again. The difference between the lobster catches for each year was recorded. This
difference (1504 pounds of lobster) was added to the population for 23 years to show the
increase due to the lack of Gaffkemia from 1993 to 2016.
The ratios for the difference in population for each year (resulting
population/previous year’s population) was used to compare to actual landings data from
the Maine Department of Marine Resources. The standard deviation for the years 19692016 (3,967,847 pounds) was calculated and added to the original population to account
for the natural increase that had been previously observed. The lobster landings data from
1993 was multiplied by the ratio and the standard deviation was added. This resulting
value was then multiplied by the next increase ratio and the standard deviation was added
once again. This was repeated for the 23-year period from 1993 to 2016.
The second quantitative model was set up using a simple compounding scenario,
[y=A(1+x)year], to represent population increases in a steady state when certain
percentages of population loss due to Gaffkemia are removed. The varying mortality
values ranged from 5-8%. Each compounded value was based off of the actual DMR
value for the 1993 lobster catch and compounded for the 23-year period between 1993
and 2016.
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Results and Discussion
Model Trials

Trapped Lobsters (pounds)

Effect of Gaffkemia Mortality on Trapped Lobsters
92000
91500
91000
90500
90000
89500
89000
0%

5%

10%

15%
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25%

30%

Lobster Mortality Due to Gaffkemia

Mortality

Total Trapped (pounds)
0%
4%
5%
6%
7%
8%
26%

91767
91303
91193
91085
90980
90876
89314

Fig. 10. The effect of Gaffkemia from 0-26% on annual lobster catch in Zone D

The model was run to describe a Gaffkemia death rate from 4% to 8% on top of
the normal shed mortality rate of 6% per year. A subsequent trial illustrated a higher
death rate that has been previously observed at 26%. During the trials, the annual catch
went down significantly as the mortality rate increased. The difference between 0% and
26% mortality was 2454 pounds of lobster. An average of 110 pounds of lobster was lost
with each increase in mortality of 1%. The net income per fisherman also decreased (Fig
10). The annual costs per fisherman were described as $86,688 and did not change during
any of the trials. The difference between 0% and 26% mortality was $9,221.00. This
14

decrease was expected because as annual catch goes down, net income would go down
since there would be a fewer number of lobsters for fishermen to sell.
It should be noted that these decreases are in relation to Zone D. If these results
were to be compared to the Maine lobster industry as a whole, the decrease in lobster

Net Income Per Fisherman ($)

catches would appear to be much larger.

Effect of Gaffkemia Mortality on Net Income Per
Fisherman
$154,000.00
$152,000.00
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Mortality
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0%
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5%
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7%
8%
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152,626.00
150,870.00
150,455.00
150,048.00
149,649.00
149,259.00
143,405.00

Fig. 11. The effect of Gaffkemia from 0-26% on net income per fisherman in Zone D
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Lobster Catches from 1969 to 2016
Lobster Landings (millions of pounds)

(Maine Department of Marine Resources, 2016)
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Fig. 12 The lobster
catches (in pounds)
from 1969 to 2016.
Landings from
1969 to 1993 are
represented by the
first trendline
(shown left) and
the second set,
from 1994 to 2016,
is represented by
the second
trendline (shown
left). Each
trendline is
extended to show a
forcasted impact.

Landings Data
As previously mentioned, the amount of lobster catches appeared to be steady
from 1950 to 1993 with a sudden and continuous increase from 1994 all the way through
2016. Some theorize this increase is related to warmer ocean temperatures, the lack of
groundfish predators, or other factors; however, it has never been suggested that the
absence of Gaffkemia caused this sudden, exponential-looking increase. To model this
increase, the landings were graphed based on the data supplied from the Maine
Department of Marine Resources. To compare the slopes of both situations, the data was
grouped into two sections, the first 1969 to 1993 and the second from 1994 to 2016. Both
situations were superimposed onto the same graph. Two separate trendlines were
formatted to compare the intensity in growth for each situation. This difference is shown
in Figure 12.
The lobster catches from 1969 to 1993 never exceeded 31 million pounds of
lobster, and fluctuated yearly by around 2 million pounds. On the graph, the fluctuations
appear very close to one another on the Y axis. Between the years of 1993 and 1994,
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Maine saw a difference in lobster catches of over 9 million pounds, and the catches
increased at similar intervals until present day, where lobster catches have surpassed 130
million pounds. This is shown on the graph where there are larger fluctuations between
each data point, which indicated in increase in lobster catches. It is interesting that there
is such a steep increase at this time, considering Gaffkemia was eradicated by use of
antibiotics around the same time. As mentioned before, this eradication could have been
one of the driving factors behind the transition to high catch averages each year. The
equations produced for this data help to mathematically visualize the differences between
both sections of data. The use of two equations helps to account for the large jump that
happened between 1993 and 1994 and continued to happen for years to come. Moreover,
the slope for 1969-1993 was much more gradual than the slope for 1994-2016. This can
be seen by analyzing the two equations. The first equation helps to estimate lobster
catches while they were relatively steady. The latter equation could be used to estimate
lobster catches for years to come if the landings were to remain within the same
increasing trend. If the 1969-1993 equation was used to predict the lobster harvest for
2017, it would predict that approximately 42,668,309 pounds of lobster would be caught.
The second equation, modeled more closely to what is currently occurring, predicts a
catch of approximately 143,855,600 pounds. The difference between these two
predictions is over 101 million pounds.
Cumulative Impact
The study of the cumulative impact of Gaffkemia showed that it could have had a
significant impact on the lobster population boom. The initial model outputs pointed
toward a linear increase in lobster catch with the removal of 6% Gaffkemia mortality (Fig

17

13). When the data from the model was compared to real life data from the Maine
Department of Marine Resources, it showed that a difference between 6% Gaffkemia
mortality and 0% Gaffkemia mortality would produce a population increase that could
have contributed to what was observed in the field. Over the 23-year period between
1993 and 2016, the population would have increased by over 117 million lobsters. This is
a very significant increase over the span of 23 years, and supersedes the data from the
Maine DMR. This linear pattern of increased catch does not match the exponential
increase that was observed in the field. Due to this discrepancy, a simple compounded
model was created in an attempt to mirror the DMR fit.

Annual Lobster Catch (Millions of
pounds)

Annual Catch after 6% Gaffkemia Erradication
160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0

5

10

15

20

25

Years after 1993
Fig. 13 The annual lobster catch (millions of pounds) with the removal of 6% Gaffkemia mortality. This
prediction is based on the outputs from the model based on Zone D.
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It should also be noted that the data from the model is representative of Zone D
and were compared to the values for the lobster industry as a whole. Zone D is not
representative of all the other zones. For example, in 2016, 1047 licenses were awarded
in Zone D while only 650 were awarded in Zone B (Maine Department of Marine
Resources 2016). The differences in lobster fishing zones allowed for increased
uncertainty in the projections. Zone D was used as an average during this study and
values produced should be viewed as approximations due to the diverse nature of each
zone. This model worked to describe the basic situations but some approximations
needed to be made to illustrate the cumulative impact. For example, the New Lobsters
Entering Area value was restricted by multiples of 100. The exact values given by the
model were not able to be used for this reason. Though this did not obviously skew the
data, it allows for a larger margin of error than what was originally predicted. If this
project were to be run again, this problem should be fixed to render more accurate results.
Though this rendition accounted for some of the population increase, it did not accurately
explain the real life landings data that increased at a much steeper rate.
The second quantitative model, based on a steady state where Gaffkemia
mortality is matched by natural increase in the lobster population, showed that over the
23-year period between 1993 and 2016, the population increased by over 61 million
pounds with the removal of 5% Gaffkemia mortality, 84 million at 6%, 112 million at 7%
and 146 million with the removal of 8% Gaffkemia mortality (Fig. 14). This matches the
kind of exponential looking trends that are shown in the real life data provided by the
Department of Marine Resources. The reduction in Gaffkemia mortality illustrates a
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marked increase in catch from what was being observed prior to 1993 where the lobster
landings did not increase more than 5,000 pounds annually.

Compounded Population Increase with Excess
Gaffkemia Mortality Removed
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Fig. 14 The compounded population increase with excess Gaffkemia mortality removed. This is based
on a steady state where Gaffkemia mortality is matched by normal increase in lobster population. A
simple compounding model, model [y=A(1+x)year] was used for this portion.

20

The actual DMR data is most closely represented by 7% Gaffkemia mortality
removal scenario, however this may not be entirely representative of what happened
ecologically. As many others have mentioned in previous literature, there could have
been more than one major factor contributing to the boom in lobster population observed
over recent years. It was estimated that Gaffkemia mortality was around 5-7% during its
peak, which suggests that the data provided by this model would be reasonable.
This simple compounding model ran under the assumption that landings data
could be thought of interchangeably with lobster population, meaning that the estimated
percent mortality for the population was also equivalent to the percent of lobsters that
would have been caught but were introduced to a fatal Gaffkemia infection.
Temperature Data

Mean Time to Death based on Water Temperature
y = 335.68e-0.245x
R² = 0.9877
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Fig. 15. The effect of temperature on mean time to death with an exponential fit. Data provided by Stewart et
al., 1969

The mean time to death value found from Gaffkemia literature appears to be an
exponentially decaying function of temperature (Fig. 15). A best-fit line (y = 335.68e0.245x

) was added to allow a fit for the mean time to death at and approximate the mean

time to death for any given water temperature where X is equal to the water temperature
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in Celsius and Y is equal to the mean time to death due to Gaffkemia in days. The
average water temperature for winter 2015-2016 was 4.375 ˚C. Based on this equation,
the average time to death for lobsters living under the average conditions would be 115
days. The average temperature for spring 2016 was 8.78 ˚C. At this temperature, the
average time to death for lobsters living with Gaffkemia would be 39 days. The average
water temperature for summer 2016 was 17.29 ˚C. At this temperature, the mean time to
death would be 5 days. The mean water temperature for fall 2016 was 10.39 ˚C (Maine
Department of Marine Resources, 2016) and the resulting approximated mean time to
death would be 26 days. Since this equation only retrieves an approximate time to death
value, this is not an exact number. As expected, the mean time to death increases as
temperature decreases.

Conclusions
This study suggests that the absence of Gaffkemia could have been a factor that
had not previously been discussed associated with the increased lobster catches after
1994. It also suggests that increased mortality would decrease on both annual catch and
net income per fisherman if Gaffkemia were to become prevalent again.
In terms of cumulative impact, it is important to note that Department of Marine
Resources data was used as a proxy for population. In a real-world scenario, the amount
of lobsters caught each year is not equal to the population. There is a very complex
relationship between landings and population that was not taken into account for the
simple compounded model. In order to understand the full impact on the population,
more studies would have to be completed.
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The simple compounded model illustrates a dynamic state where the percent of
excess mortality in the population is equal to the excess mortality in the landings data.
The simple compounded model was used because the linear result (the addition of 117
million pounds of lobster) provided by the Webler model did not exactly mirror what the
real world data was portraying. The simple compounded model illustrated the same
exponential trend as the real life DMR fit, and, like the model fit, encourages the idea that
the absence of Gaffkemia played a role in the high catch trend that has been observed
since its relative disappearance.
From the simple compounded model, it appears as though the 6% excess
Gaffkemia mortality most closely matches what happened in the industry. This suggests
that Gaffkemia did play a role in the lobster landings boom that has occurred in recent
times. Since the 6% line almost exactly mimics the real-life data, it no longer takes the
other factors like warming temperatures, increased safety for young due to kelp forests or
absence of major predators into account. If we include the impact of these other factors, it
would suggest that Gaffkemia mortality was slightly lower, perhaps between 3-5%. This
could be reasonable because Gaffkemia was previously estimated to have had a
population-wide mortality rate between 5-7%, and the median of 6% was used in this
study in order to estimate the cumulative impact of this range.
This study also allows for the quantification of the mean time to death due to
Gaffkemia based on water temperature. The quantification of this value allows for the
approximation of the effects of Gaffkemia at different water temperatures. This could
eventually be added into a different model to express how the natural mortality rate varies
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based on season due to the different water temperatures that the lobsters experience as the
seasons change.
Implications
Lobster fishing accounts for 44% of the Maine fishing efforts, followed by
Atlantic herring (26%) and seaweed (5%). Lobster fishing in Maine makes up 73.9% of
commercial fishing capital (Maine Department of Marine Resources, 2016). Knowing
how a disease impacts the population is imperative for knowing its impacts on the
economy. A reduction in the number of lobsters present in the Gulf of Maine to be fished
would be detrimental to Maine’s economy, especially in terms of tourism. Less lobsters
caught would mean less lobsters purchased by tourists, and less money for the state of
Maine.
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