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Project Background 
 

Rationale 
Lobster health is directly related to the timing of the moult which in turn can be affected by a 
number of different parameters including water temperature, photoperiod, diet, health and 
other ecosystem factors.  A certain period is necessary after the moult for lobsters to return to 
ideal quality conditions (i.e., hard shelled/fully meated). Collection of biological data such as 
hemolymph (blood) protein levels, moult stage and shell hardness, gives us the opportunity to 
make assumptions as to which lobsters are in the best health for long-term holding and long-
term shipping.  

 
Handling along the entire chain-of-custody plays a major part in lobster health. Handling 
practices will cause changes in the lobster’s physiological state and therefore, put stress on the 
animal. When it comes to understanding lobster health, and in turn quality, it is important to 
remember that there is a large number of factors affecting health, all of which must be taken 
into consideration when making decisions regarding health. This starts with understanding the 
basic biology of the animal and expanding on that knowledge.  
 
 
 

Assessing quality 
 

There are currently very few ways to objectively assess lobster quality. One method that is 
rapidly gaining popularity is by refractometry. Refractometers can be used to measure the 
amount of proteins or other solids in liquid samples. The lobster industry has been using Brix 
refractometers to estimate the amount of proteins in lobster blood samples. 
 
Brix Index 
Although Brix refractometers are meant to measure the amount of sugar in liquid samples, the 
Brix index is highly correlated to blood protein levels. These levels have been used by scientists, 
researchers and by the industry itself to assess lobster health. The industry uses the blood 
protein levels on a regular basis to make production decisions such as holding time, processing, 
shipping and marketing. A hard-shell, fully meated lobster will usually have a high blood protein 
level, while a soft-shell, low meat-yield lobster will have a lower blood protein level. Likewise, a 
healthy and vigorous lobster will generally have a higher blood protein level than a weaker 
lobster. A rule of thumb used by some live dealers is that lobsters with blood protein levels 
below 10 (on the BRIX scale) should not be used for long-term holding or long distance shipping 
(lower quality). This varies depending on the processing plant; some use a BRIX level of 8 as the 
cut-off for long term shipping rather than 10. 
 
The most important component affecting blood protein levels is the moult cycle. As lobsters are 
approaching their actual moult they lose about 30 - 60% of tissue mass in their claws. They do 
this using a few different methods, one being dehydration to make the claw tissue small 
enough to squeeze the large portion of the claw through the smaller part of the leg. As a result 
of the dehydration the blood protein levels will increase (concentrated). Once the moult is 
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complete the lobster will begin to take water into the new shell, at this point the fluid volume 
can be approximately 50% greater than before the moult. This results in a much lower blood 
protein level because the blood is diluted by the uptake of water after the moult. 
 
 

Data Analysis 
 

This short report is in response to the Gulf of Nova Scotia Feet Planning Board’s request to 
analyse the data they collected over an 8-week period in the summer 2015. 
 
The data received included a total of 3,103 individual lobster records with information on sex, 
size (carapace length), blood protein levels (Brix index), shell hardness, premoult stage, 
presence of ciliates in the pleopods, prevalence of deformed pleopods, and the presence of 
visible cement glands in female lobsters. These data were collected over 29 sampling trips from 
4 different sites (Figure 1) between May 13 to July 2, 2015, 2012 (Table 1).   
 
 

 
 
 
 
Blood Protein Levels (Brix) 
 
Figure 2 shows the Brix distribution over time for all lobsters. According to the temporal 
variation in blood protein levels, the lobsters from all four different sites did not moult during 
the sampling period.  Additionally, the protein levels had yet to show the typical increase that 
normally precedes the moult, although the levels observed on Week 8 appeared to start 
increasing in most sites (Table 1, Figure 2).  When comparing lobster blood protein levels 
among the different ports, lobsters from River John had significantly higher levels than lobsters 
from Port Hood (p<0.001). 
 

Arisaig 
River John 

Bayfield 

Port Hood 

Figure 1. Location of the 4 sites marked with red stars. 
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Table 1. Descriptive statistics from the 2015 8-week sampling program. Week 1: May 13-14, week 2: May 
18-21, week 3: May 25-28, week 4: June 1-3, week 5: June 8-12, week 6: June 16-19, week 7: June 22-25, 

week 8: June 29-July 2 
 

Port Week 
Sex 

(%male|%female) 
N 

CL  
(mm) 

Protein levels 
(Brix) 

Shell hardness 
(%medium|%hard) 

Mean Std.Dev Mean Std.Dev 

Arisaig 
 

1 24.8% | 75.2% 117 88.64 7.77 10.74 2.23 44.4% | 55.6% 
2 33.1% | 66.9% 124 88.98 6.40 10.57 2.53 12.9% | 87.1% 

3 35.4% | 64.6% 113 89.41 6.52 10.19 2.80 15.0% | 85.0% 

5 46.5% | 53.5% 101 89.44 6.10 11.17 2.27   7.9% | 92.1% 
6 28.4% | 71.6% 111 91.33 10.08 10.88 2.39   7.2% | 92.8% 

7 45.6% | 54.4% 125 91.47 9.56 10.24 2.69   0.8% | 99.2% 

8 56.3% | 43.7% 80 88.29 9.70 11.59 2.45  0.0% | 100% 
Bayfield 1 43.6% | 56.4% 101 85.01 8.76 10.59 2.61 48.5% | 51.5% 

2 46.4% | 53.6% 125 81.06 6.06 11.04 2.54 17.6% | 82.4% 

3 52.0% | 48.0% 125 84.22 6.78 8.21 3.70 20.0% | 80.0% 

4 37.1% | 62.9% 105 83.41 9.81 11.12 2.49 14.8% | 95.2%  

5 44.5% | 55.5% 119 77.40 6.30 11.42 3.02   6.7% | 93.3% 

6 46.4% | 53.6% 125 84.98 12.63 11.66 2.98   4.8% | 95.2% 

7 46.7% | 53.3% 125 90.66 9.98 10.26 3.28   4.0% | 96.0% 

8 60.3% | 39.7% 116 92.79 11.63 10.98 2.52   0.9% | 99.1% 

Port Hood 2 62.0% | 38.0% 121 87.43 6.41 8.87 2.03 49.6% | 50.4% 

3 64.8% | 35.2% 125 86.46 6.65 9.29 1.68 19.2% | 80.8% 
4 61.6% | 38.4% 125 88.20 8.28 10.85 1.70 20.8% | 79.2% 

5 59.2% | 40.8% 125 86.71 6.39 9.94 2.24 16.8% | 83.2% 

6 80.8% | 19.2% 125 88.94 9.68 9.24 2.45   6.4% | 93.6% 

7 69.6% | 30.4% 125 88.61 7.10 9.89 2.69   2.4% | 97.6% 

8 72.8% | 27.2% 125 89.46 9.45 10.16 1.96   4.0% | 96.0% 
River John 2 24.6% | 75.4% 65 90.78 9.44 9.55 2.12 23.1% | 76.9% 

3 26.7% | 73.3% 86 84.79 7.78 11.39 2.24 12.8% | 87.2% 
4 25.0% | 75.0% 88 85.39 8.07 11.72 2.54   5.7% | 94.3% 

5 23.5% | 76.5% 81 86.43 8.71 12.17 2.57 11.1% | 88.9% 

6 23.6% | 76.4% 72 87.07 7.32 13.52 3.36  0.0% | 100% 

7 28.6% | 71.4% 70 89.90 7.90 11.29 3.72  0.0% | 100% 
8 34.5% | 65.5% 58 90.43 7.90 12.18 2.93   1.7% | 98.3% 

 
 
Shell Hardness 
 
Data collected included information on shell hardness (Table 1).  Shell hardness can be used as 
a proxy to moult stage; in general, soft shells are found on recently moulted lobsters.  This 
semi-subjective variable had three options for classification: soft, medium or hard.  None of the 
lobsters sampled had a soft shell (see Appendix 1 for a proportion breakdown of medium/hard 
shell lobsters for all 4 sites and all 8 sampling weeks). Overall, the maximum proportion of 
medium-shell lobsters was seen on Week 1 for all 4 sites and varied between 23.1% (River John) 
and 49.6% (Port Hood).  By the end of the sampling period, the proportion of hard-shell lobsters 
was at or nearing 100% for all 4 sites (96.0 – 100%). 
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Figure 1.  Boxplot of blood protein levels variation over time during spring/early summer 2015 for all lobsters. 
Week 1: May 13-14, week 2: May 18-21, week 3: May 25-28, week 4: June 1-3, week 5: June 8-12, week 6: June 16-
19, week 7: June 22-25, week 8: June 29-July 2.    

 
 
Moult Stages 
 
The moult cycle can be differentiated into a series of five stages from A to E, based on 
physiological and carapace changes.  Stage D is divided into five sub-stages, and is referred to as 
the premoult and accounts for at least 24 to 75% of the moult cycle. In this sampling program, 
premoult stage was assessed by examining the tip of a pleopod under light microscopy.  Stage 0 
represents lobsters either in post or intermoult stage.  Stages 1.0 to 2.5 apply to lobsters that 
are in passive premoult, while stages 3.0 to 5.5 describe various stages on the active premoult.  
Lobsters in active premoult have reached a physiological point of no return and have 
committed to moult.  
  
Figures 3a-h show the distribution of lobsters in post/intermoult, passive premoult or active 
premoult stages from all 4 locations and for the 8 weeks of sampling program.  All lobsters 
sampled were either in post/intermoult or passive premoult for the first 4 weeks of the- 
sampling.  Lobsters in active premoult were only observed for the first time in week 5 (June 8-
12) in Bayfield and River John, in week 6 (June 16-19) in Arisaig and in week 7 (June 22-25) for 
Port Hood. Although the sampling showed some variation from week to week, results seemed 
to indicate that lobsters from River John could be moulting first while lobsters from Port Hood 
would have been the last ones to moult during the 2015 season.  
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Figures 3a-b. Proportions of lobsters in different moult stages as assessed via the pleopod 

staging method for the various locations on week 1 (3a) and week 2 (3b).  

Arisaig Bayfield Post/intermoult

Passive premoult

Moult stage

Week 1: May 13-14, 2015

Arisaig Bayfield

Port Hood River John

Post/intermoult

Passive premoult

Moult stage

Week 2: May 18-21, 2015

Figure 3a 

Figure 3b 
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Figures 3c-d. Proportions of lobsters in different moult stages as assessed via the pleopod 

staging method for the various locations on week 3 (3c) and week 4 (3d).  

Arisaig Bayfield

Port Hood River John

Post/intermoult

Passive premoult

Moult stage

Week 3: May 25-28, 2015

Bayfield Port Hood

River John

Post/intermoult

Passive premoult

Moult stage

Week 4: June 1-3, 2015

Figure 3c 

Figure 3d 
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Figures 3e-f. Proportions of lobsters in different moult stages as assessed via the pleopod 

staging method for the various locations on week 5 (3e) and week 6 (3f).  

Arisaig Bayfield

Port Hood River John

Post/intermoult

Passive premoult

Active premoult

Moult stage

Week 5: June 8-12, 2015

Arisaig Bayfield

Port Hood River John

Post/intermoult

Passive premoult

Active premoult

Moult stage

Week 6: June 16-19, 2015

Figure 3e 

Figure 3f 
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Figures 3g-h. Proportions of lobsters in different moult stages as assessed via the pleopod 

staging method for the various locations on week 7 (3g) and week 8 (3h).  

Arisaig Bayfield

Port Hood River John

Post/intermoult

Passive premoult

Active premoult

Moult stage

Week 7: June 22-25, 2015

Arisaig Bayfield

Port Hood River John

Post/intermoult

Passive premoult

Active premoult

Moult stage

Week 8: June29-July 2, 2015

Figure 3h

 
 Figure 

3a 
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Cement glands 
 
These glands have a cycle that is in phase with ovary development.  It is believed that they 
secrete a substance that is involved in the egg fertilization-attachment process. Cement glands 
are only observed in mature female lobsters and therefore, they can be used to determine 
sexual maturity in females that are not carrying eggs. Four stages of gland development can be 
observed and they are determined by the percent of the pleopod’s surface that is covered by 
the glands. 
 
The presence of cement glands was noted during this study.  However, the stages were not 
estimated.  Overall, the proportion of cement glands observed in female lobsters followed the 
same trend: the presence of cement glands increased over time during the sampling period, 
with 95.0 to 97.8% of the female lobsters with glands on week 8 (June 29-July2).   More 
variation was observed in the lobsters from River John, where the trend for increasing presence 
of cement gland was not as obvious.  Appendix 2 showed the proportions of lobsters with or 
without cement glands for the different locations over the 8-week sampling period.  
 
 
Ciliates & Deformed Pleopods 
 
Finally, the dataset included observations on the proportion of lobsters where ciliates (small 
parasites) were visible under microscopy in the pleopods, and information on the presence of 
deformed pleopods. However, neither the degree of parasite load (low, medium or high 
number of ciliates) nor the characterisation of the pleopod deformity were recorded. 
Appendices 3 and 4 show the overall distribution of ciliates presence (Appendix 3) and 
deformed pleopods (Appendix 4) for the different locations for all weeks combined.   
 
The prevalence of ciliates was relatively low, varying between 0.07% in Port Hood to 5.3% in 
Arisaig.  The mean prevalence in Port Hood was significantly lower than in Arisaig and in 
Bayfield (p<0.001).  Interestingly, there was a significant difference in the overall prevalence of 
ciliate according to sex: male lobsters had an overall prevalence of 0.57% compared to 0.06% 
for female lobsters (p<0.001) 
 
Similarly, the proportion of deformed pleopods was low, varying between 0.1% in River John to 
2.9% in Bayfield.  However, there were no significant differences among any of the locations 
(p>0.5).  Although the overall proportion of deformed pleopods was higher in female lobsters 
compared to male lobsters (0.25% vs. 0.18%), this difference was not significant (p=0.215). 
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Interpretation 
 

The shell of the lobster is hard and inflexible and must be shed periodically through the process 
of ecdysis (moult), to allow for growth.   Premoult is induced endocrinologically, and triggered 
by internal and environmental signals such as water temperature and photoperiod. As lobsters 
are getting closer to the moult, they will slowly dehydrate themselves to allow for the large 
claws to be passed through the smaller joints/knuckles at ecdysis with lesser likelihood of losing 
the claw/appendage during this process. This dehydration will result in hemo-concentration 
and is reflected by increasing blood protein levels.  Shortly prior to the moult, lobsters will 
ingest substantial volumes of seawater.  This forces the new exoskeleton to expand and pushes 
apart the old shell.  The new-shelled lobster immediately resumes water uptake which leads to 
a significant hemo-dilution which is reflected with a severe decrease in blood protein levels.  
 
Many live lobster dealers will utilise blood protein levels as a production index to decide if 
lobster should or should not be kept for long-term holding or long distance shipping.  Although 
not standard, many companies will use a Brix Index of 8 as a threshold production decisions: 
lots with an average Brix Index below 8 would be considered lower quality.  Other companies 
might be more conservative and use a Brix Index of 10 as their quality cut-off.  Lobsters in 
active premoult, although their blood protein levels are high, are normally not suitable for the 
live-market or long-term holding, as they are likely to moult in the following few days/weeks 
and represent a significant risk of loss for the shipper/dealer.   
 
Based on the blood protein levels and moult stage data collected in this study, none of the 
lobsters sampled had started to moult yet: the average protein levels did not show significant 
decreases in any of the locations. Comparing these levels with those of lobsters from 2 LFA 26A 
locations in Prince Edward Island (Georgetown & Pinette)from the information available on the 
lobstermoult.ca sampled during the same time of the year in 2009-2011 (Figures 4, 5 & 6), we 
see similar patterns (www.lobstermoult.ca. 
 
When comparing data collected on lobster shell hardness from the same PEI locations 
(www.lobstermoult.ca), we notice that majority of lobsters from either Pinette or Georgetown 
PE, were hard shelled, with very few to none with soft shells while those with a medium shell 
hardness were generally observed in early May.  Those results (not shown here) were similar to 
the results from the 2015 sampling.   
 
Historical data from the 2 PEI locations in LFA 26A (www.lobstermoult.ca) for moult stages for 
the same time of the year is slightly different than what was observed in the current study.  
Contrary to the findings of this study, lobsters sampled in early to mid-May 2009-2011 in both 
Pinette and Georgetown PE already had a small proportion of individuals in active premoult 
(Figures 7-12).   
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Figure 4.  Lobster blood Brix Index levels in Georgetown & Pinette, PE for May-June 2009.  Source: 

www.lobstermoult.ca 

 

 

 
Figure 5.  Lobster blood Brix Index levels in Georgetown & Pinette, PE for May-June 2010.  Source: 

www.lobstermoult.ca 
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Figure 6.  Lobster blood Brix Index levels in Georgetown & Pinette, PE for May-June 2011.  Source: 

www.lobstermoult.ca 
 
 
 

 
Figure 7.  Lobster moult stages in Pinette, PE for May-June 2009.  Source: www.lobstermoult.ca 
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Figure 8.  Lobster moult stages in Pinette, PE for May-June 2010.  Source: www.lobstermoult.ca 

 
 
 

 
Figure 9.  Lobster moult stages in Pinette, PE for May-June 2011.  Source: www.lobstermoult.ca 
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Figure 10.  Lobster moult stages in Georgetown, PE for May-June 2009.  Source: www.lobstermoult.ca 

 
 
 

 
Figure 11.  Lobster moult stages in Georgetown, PE for May-June 2010.  Source: www.lobstermoult.ca 
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Figure 12.  Lobster moult stages in Georgetown, PE for May-June 2011.  Source: www.lobstermoult.ca 

 
 
Ancillary data collected included the presence of cement glands, the prevalence of ciliates in 
the pleopods and the presence of deformed pleopods.  Cements glands are only present in 
sexually mature female lobsters.  By the end of this study, over 95% of the females lobsters had 
active cement glands, meaning that although these lobsters were not ovigerous ( ‘berried’), they 
were nonetheless mature. Finally, a certain marginal proportion of deformed pleopods can be 
expected, and can sometimes be associated with female lobsters that have recently released 
their eggs.  The significance of the relatively low prevalence of ciliates observed in this study is 
unclear.  There are few anecdotal reports of ciliates found on routine assessment of lobster 
pleopods for moult staging, and these are believed to be normally non-pathogenic (not causing 
disease).  However, this should be investigated further.  
 
This study included biological parameters such as gender, size, blood protein levels and shell 
hardness.  According to the data collected in this study and summarized in this report, none of 
the lobsters from any of the 4 different locations had started to moult by the end of the 
sampling period.  Furthermore, based on the proportion of lobsters in active premoult and the 
average blood protein levels in the last sampling weeks, it is likely that the actual moulting peak 
would not have started for at least another 2 weeks.   
 
Additionally, this sampling was a ‘one year snapshot’ and therefore, the actual moult timing 
may change from year to year due to the dynamic nature of this physiological process.   This can 
be evident when looking at the year-to-year variation in the temporal distribution of average 
blood protein levels, premoult stages and shell hardness from other locations (eg, Pinette and 
Georgetown, PE).   
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This study established a great scientific building block for an ongoing lobster moult monitoring 
program.  It would be paramount to see this kind of data collection repeated every year –and 
expended to cover the months of July and August– to allow for a better understanding of 
lobster moult timing. 
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APPENDICES  
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Appendix 1. Shell hardness 
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Appendix 2. Cement glands 
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Appendix 5. Prevalence of ciliates 
 

 
 
 
Appendix 6. Deformed pleopods 
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