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Figure 8: Mean proportion of lobster postlarvae swimming over cobble-lined, mud­

lined, or sand-lined 600-L tanks (n = 4 tanks per treatment) observed twice daily. 

When each of the replicate tanks was plotted separately to examine how the time 

until settlement affected time to moult and post-moult morphometrics, the time until 

100% of lobsters exited the water column showed a strong positive exponential 

relationship to time until moult (R2 = 0.92, df= 2,9, p < 0.0001, Fig. 9A). In contrast, 

time for 100% settlement showed a negative and non-significant relationship to post­

moult carapace length (R2 = 0.28, df = 2,9; p = 0.23, Fig. 98) and post-moult mass (R2 = 

0.12, df= 2,9; p = 0.56, Fig. 9C), with most of the variability in lobster size seeming to 

occur between the sand treatment and the other two substrates. The time for 80% of 

lobsters to leave the water column was also regressed against time until moult, post­

moult carapace length, and post-moult mass to exclude individuals taking 
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disproportionately longer to settle, however, the conclusions were unchanged (time until 

moult: p < 0.0001, carapace length: p = 0.11, mass: p = 0.45). 

It was again impossible to track individual lobsters and determine whether the 

same few lobsters remained swimming or whether all the lobsters rotated between the 

tank bottom and the water column. In the 600-L tanks, however, all of the lobsters in all 

of the tanks eventually left the water column and descended permanently to the bottom 

(Fig. 8). Lobsters in cobble-lined tanks hid under and amongst cobbles while in mud­

lined tanks, some lobsters remained on the surface of the sediment and others occupied 

depressions in the mud or short tunnels under the mud. Tunnels were rare and generally 

had 2-3 openings approximately 3-5 cm apart. All depressions and tunnels were 

constructed along the sides of the tank or against the central standpipe. In sand-lined 

tanks, most lobsters remained on the surface of the sediment although a few did occupy 

shallow depressions in the sand against the tank wall. 
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Figure 9: Relationship between time for 100% of lobster postlarvae in a tank to leave the 

water column and their (A) mean time until moult, (B) mean post-moult carapace 

length, and (C) mean post-moult mass. The 600-L tanks (n = 4 per substrate treatment) 

were lined with cobble e, mud e, or sand o. 
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Post-moult survival and morphometrics 

Survival of lobsters to stage V averaged 52.2 ± 2.5% (SE) and did not differ 

amongst substrates (F2,9 = 0.31, p = 0.74, Fig. 10). In contrast, mean time until moult 

varied significantly among substrates (F2,9 = 32.0, p < 0.0001) with time until moult on 

Cobble < Mud < Sand (Fig. 11 ). On average, lobsters took 22% longer to moult over 

mud than over cobble, and 49% longer to moult over sand than over cobble. One 

individual in a sand-lined tank took 45 days to moult ( compared to the average of 28 

days over sand). It is possible this individual had moulted unnoticed to stage V and 

remained swimming until moulting to stage VI, when its moult was recorded. 

Consequently, this animal's time until moult and morphometrics were excluded from all 

analyses. This animal was missing an eye and due to eyestalk damage may have 

prematurely moulted (Trider et al. 1979, Cheng and Chang 1993) into a stage V lobster 

superficially resembling a stage IV, except lacking settling behaviour (Charmantier and 

Aiken 1987). For the remaining lobsters, post-moult mean carapace length varied by 

substrate (F2,9 = 7.83 p = 0.011) and was significantly smaller (by 3.9%) in lobsters from 

sand-lined tanks than from either cobble-lined or mud-lined tanks (Fig. 12). Post-moult 

mean mass also varied by substrate (F2,9 = 5.52, p = 0.027) and exhibited a similar 

pattern to carapace length, with lobsters from sand-lined tanks significantly lighter (by 

16%) than those from mud-lined tanks and 10% lighter than those from cobble-lined 

tanks, although this second difference was not significant (Fig. 12). 
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Figure 10: Mean percent survival(± 95% CI) of lobster postlarvae to stage V over 

cobble-lined, mud-lined, or sand-lined 600-L tanks (n = 4 tanks per treatment). 
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moult to stage V over cobble-lined, mud-lined, or sand-lined 600-L tanks (n = 4 tanks 

per treatment). Different letters indicate significantly different means (p < 0.05) 

identified by Tukey HSD post hoc tests. 

Maces Bay field experiment 

All collectors were successfully retrieved from Maces Bay except for two from 

the Centre Mud site and one from the No Name Rock site. Collectors deployed onto 

mud substrate occasionally had small amounts of mud inside which, while not 

quantified, seemed to have filled no more than 10% of the depth of the few affected 

collectors. Lobsters colonized collectors at all sites, and ranged in size from 7 .1 mm to 

51.0 mm carapace length (CL), representing both recent settlers of the year(< 13 mm 

CL, Gudjon Mar Sigurdsson, unpublished data) and older juveniles (Fig. 13A). The 
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number of lobsters, excluding recent young of the year (YOY) settlers, that colonized a 

collector from the benthos ranged from O to 6 individuals. 

Size frequency distribution of lobsters in collectors 

After excluding the YOY (< 13 mm CL), the cumulative size frequency 

distribution of lobsters in the Centre Mud site was significantly different from that at the 

Pooled Rock area (D = 0.32, p < 0.00001, Fig. 13B) and the Pooled Edge Mud area (D = 

0.25, p < 0.001, Fig. 13B), and the latter two were similar to each other (D = 0.15, p = 

0.14, Fig. l3B). The most pronounced differences were between the size frequency 

distributions at the Centre Mud and Pooled Rock areas, with the Pooled Edge Mud areas 

showing an intermediate pattern (Fig. 13A). Focusing on the Centre Mud site and 

Pooled Rock areas and visually comparing the cumulative size frequency distributions, 

the most striking difference seen was in juveniles ranging from 25-36 mm CL, which 

were much more relatively abundant (Chi Square Test: X 2 = 10.5, df = 1, p = 0.0012) at 

Pooled Rock (44.7%) than at Centre Mud (23.1 %) while larger juveniles between - 37-

51 mm CL were relatively more abundant (Chi Square Test: X 2 = 22.9, df= 1, p < 

0.00001) on Centre Mud (38.9%) than on Pooled Rock (9.6%). The 25-36 mm juveniles 

were probably 2-4 years old and the 37-51 mm juveniles were probably 3-5 years old 

(Taryn Minch, unpublished data). A less pronounced but significant difference (Chi 

Square Test: X 2 = 3.9, df= 1, p = 0.049) in relative abundance was also observed for 

smaller lobsters measuring 13-16 mm CL, which somewhat surprisingly were relatively 

more abundant on Centre Mud (22.2%) than on Pooled Rock (11.7%). These animals 

were probably 1 year of age with a few 2-year-olds {Taryn Minch, unpublished data). 
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Figure 13: Plots showing (A) the size frequency distributions and (B) the cumulative 

size frequency distributions of lobsters caught in collectors in Maces Bay. No Name 

Rock and Pocologan Rock were pooled into an area named "Pooled Rock", while North 

Mud and South Mud were pooled into an area named "Pooled Edge Mud". To exclude 

recent settlers, only individuals with 2::13 mm carapace length were analyzed. 
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Mean number of lobsters caught in collectors 

Lobsters < 13 mm CL, representing juveniles that settled that year, were not 

equally abundant among the pooled areas (Kruskal Wallis Test, X 2 = 22.7, df= 2, p < 

0.0001 ), being significantly more numerous in collectors at the Pooled Rock areas than 

those at the Centre Mud or Pooled Edge Mud areas, which in tum supported similar 

numbers to one another (Fig. 14). Similarly, lobsters measuring 13-24.9 mm CL, 

representing Lavalli and Lawton's ( 1996) shelter-restricted and emergent life history 

phases, were not uniformly abundant across areas (Kruskal Wallis Test, X 2 = 21.4, df= 

2, p < 0.0001), nor were lobsters 25-40 mm CL, representingjuveniles at the vagile 

phase (Lavalli and Lawton 1996) uniformly abundant across collectors sampled in the 

different areas (Kruskal Wallis Test, X 2 = 30.7, df= 2, p < 0.00001). For these life 

history phases, juveniles were most abundant in collectors at the Pooled Rock areas, less 

abundant in collectors on the Pooled Edge Mud areas, and least abundant in collectors 

on Centre Mud, although only the differences between Centre Mud and the two other 

areas were significant (Fig. 14 ). In contrast, adolescent lobsters >40 mm CL (Lavalli 

and Lawton 1996) appeared somewhat more abundant in collectors on Centre Mud than 

in the other two areas, although the differences were not significant (Kruskal Wallis 

Test,X2 = 3.4, df= 2, p = 0.18, Fig. 14). 
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Figure 14: Mean(± 95% CI) number oflobsters caught per collector in Maces Bay. Size 

groupings are based upon Lavalli and Lawton's (1996) behavioural life history phases 

with the exception of their shelter-restricted (5-14 mm CL) phase. Juveniles< 13 mm 

CL, representing young of the year, were analyzed separately and juveniles 13-14 mm 

CL were combined into the emergent juveniles group (13-25 mm CL). No Name Rock 

and Pocologan Rock were pooled into an area named "Pooled Rock", while North Mud 

and South Mud were pooled into an area named "Pooled Edge Mud". Different letters 

indicate significantly different means identified by Wilcoxon Rank-Sum post hoc tests 

with Bonferroni correction. 
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Discussion 

The laboratory results presented in this thesis verify that cobble is the preferred 

settlement substrate for postlarvae, and that postlarvae will delay settlement over other 

substrates. The results also reveal that postlarvae delaying settlement, and prolonging 

swimming, risk incurring reductions to both development and growth, although there is 

no evidence that survival is compromised. A trade-off between finding suitable shelter 

and avoiding a reduction in developmental and growth rates could explain why postlarvae 

will eventually settle upon less preferred substrates such as mud bottom in Maces Bay. 

Indeed, I found evidence of postlarval settlement on mud bottom in Maces Bay as well as 

conclusive evidence that this habitat is used by juvenile lobsters ranging from shelter­

restricted juveniles up to adolescents. These findings challenge our understanding of what 

habitats juvenile American lobsters are currently using as nursery. 

Settlement delay in the laboratory 

Settling postlarvae and early benthic phase lobsters exhibit substrate preferences 

In all four components of this study ( one field and three lab experiments), lobster 

postlarvae and early benthic phase (EBP) juveniles showed a strong and consistent 

preference to settle, and ultimately remain upon, structurally complex cobble bottoms 

versus more homogeneous substrates (i.e. mud, sand, or tank bottom). In the three lab 

experiments, substrate preference was assessed on the basis of how rapidly postlarvae left 

the water column to establish residence on the bottom. It was not possible to track 

individual lobsters in the 30-L and 600-L tanks to distinguish whether the dwindling 

number of lobsters in the water column over time represented (i) the increasing 
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settlement of individuals permanently onto the bottom, or (ii) individuals spending more 

time on the bottom before periodically re-entering the water column. However, the first 

scenario is most likely to be true for two reasons. First, after the first few days of the 

experiment, lobsters on the bottom were usually stationary, sheltering under cobble, or 

(in tanks without cobble) against the tank wall, the central standpipe, or in a depression. 

Individuals occasionally walked about but were rarely seen swimming from the bottom 

back into the water column despite observation periods totalling 13 days in the 30-L 

tanks, and 33 days in the 600-L tanks. Second, individuals in 1-Ljars could be 

individually monitored and once on the jar bottom, they almost never re-entered the water 

column. The disappearance of postlarvae from the water column almost certainly 

represented permanent settlement onto the bottom. It is also possible that the structurally 

complex cobble substrate separated individual lobsters, reduced agonistic interactions, 

and accordingly promoted faster settlement compared to the other homogenous 

treatments where aggressive interactions, which can alter a subdominant lobster's 

behaviour (Lawton 1987), may have forced subdominant individuals to constantly retreat 

into the water column. However, even though lobsters in mud, sand, and bare treatments 

were not separated from one another or prevented from interacting, the proportion of 

individuals swimming in the water column in 30-L tanks and the settlement time of 

individuals in 600-L tanks still differed by substrate. Thus, settlement time was unlikely 

to have varied by substrate due to differences in agonistic interactions. Accordingly, the 

proportion of postlarvae swimming in the water column and postlarval settlement time 

likely represents, and serves as a good proxy for, substrate preference. 
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Although the three laboratory experiments differed markedly in their design, 

particularly in terms of space afforded for postlarval swimming, they all suggest that 

postlarvae prefer cobble substrate. In all experiments, postlarvae left the water column 

much more rapidly over cobble bottom than over less complex substrates. Also, the faster 

settlement upon mud compared to sand or bare tank bottom in both the 30-L and 600-L 

tanks indicates that mud is a preferred settlement substrate when cobble is absent. We can 

conclude that postlarval settlement substrate preferences are: cobble > mud > sand and 

bare. These substrate preferences are similar to previous findings in the lab (Botero and 

Atema 1982), and field (Cobb et al. 1983, Hudon 1987, Wable and Steneck 1991). For 

example, postlarvae given a choice of substrates in the same tank settled preferentially 

and most rapidly upon cobbles, followed by mud, and last upon sand (Botero and Atema 

1982). Similarly, early benthic phase lobsters given a choice of substrates in the same 

tank sheltered on cobble more often than mud, and on mud more often than on sand 

(Wable and Steneck 1992), while in a tank with exposed cobbles at one end and cobbles 

buried by silt-clay (i.e. mud substrate) at the other, significantly more EBP lobsters 

sheltered in the exposed-cobbles end of the tank (Pottle and Elner 1982). In a field 

experiment, swimming postlarvae settled and sheltered when encountering rock crevices 

on the bottom but kept swimming when encountering a sand-mud substrate (Cobb et 

a/.1983). In a field survey, newly-settled and small EBP lobsters were seen in cobble but 

not on sand or flat bedrock (Hudon 1987, Wable and Steneck 1991). Similarly my field 

study in Maces Bay indicated that both YOY and juvenile EBP lobsters prefer cobble to 

mud (see below). Thus, there is considerable evidence that postlarval and early benthic 

phase lobsters prefer cobble substrate, or in the absence of cobble, they prefer mud. 
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Lobster preference for a substrate reflects the habitat quality of the substrate 

There is good evidence that substrate preference demonstrated by lobster 

postlarvae and juveniles in this and previous studies is a good indicator of each 

substrate's suitability as juvenile habitat. Given that settling postlarvae and small juvenile 

lobsters are vulnerable to predation (Wable and Steneck 1992, Ball et al. 2001, 

Sigurdsson and Rochette 2013), a good habitat should provide ready access to a shelter 

and should protect well against predators and be easy to maintain. Rapid settlement onto 

cobble, a delay before settlement onto mud, and a longer delay before settlement onto 

sand or a bare substrate suggests cobble is the most suitable habitat followed by mud 

followed by flat sand and bare exposed surfaces (such as flat bedrock). 

Cobble does indeed protect juvenile lobsters from some predators better than 

either mud (Barshaw and Lavalli 1988, Wable and Steneck 1992) or sand does (Lavalli 

and Barshaw 1986). Cobble provides ready-made, permanent shelters in the interstices of 

the cobbles, or underneath iflobsters remove sediment from underneath (Cobb 1971, 

Berrill and Stewart 1973, Botero and Atema 1982). On bare mud with no rocks, lobsters 

must excavate a U-shaped tunnel into the sediment (Botero and Atema 1982, this study), 

which takes considerable time and energy as the tunnel must be continuously maintained 

or rebuilt when it collapses (Barshaw and Bryant-Rich 1988). Also, and perhaps most 

importantly, mud does not protect against predation as well as cobble (Barshaw and 

Lavalli 1988, Wable and Steneck 1992), although presumably an underground tunnel 

would afford better protection than being exposed on open sand or bedrock. Sand is not 

cohesive enough to support burrowing, and on bare sand with no rocks, lobsters can only 

scoop out a shallow depression to occupy (Botero and Atema 1982, this study). Even 
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simple manipulations are impossible on bedrock; thus, on bare sand as on exposed bare 

rock, lobsters cannot produce a shelter. Clearly, a structurally complex, three-dimensional 

environment (such as that produced by cobble or tunnels in mud) provides better shelter 

than a simpler, structurally homogenous environment (such as that provided by flat sand 

or bare bedrock). This varying shelter quality probably explains why postlarvae rapidly 

settle upon cobble, settle upon mud after a short delay, and delay settling the longest 

when encountering sand or a hard tank bottom. 

The costs of delayed settlement 

The experiments reported here suggest that postlarvae delaying settlement may 

incur three costs: (i) greater risk of predation, (ii) decreased development rate by delaying 

moult to stage V, and (iii) decreased growth rate due to a smaller size increment in 

carapace length and mass after moulting. First, delaying settlement increases the duration 

that swimming postlarvae are exposed to predation while they are in the water column 

(Hudon 1987), as they dive to the bottom to explore (Roach 1983, Sigurdsson and 

Rochette 2013), and while they remain exposed on the bottom while seeking shelter 

(Lavalli and Barshaw 1986, Wahle and Steneck 1992). The risk of predation presumably 

drops once a lobster leaves open water or open ground and occupies a protective shelter. 

The second potential cost to delaying settlement is a delay in the moult to stage V, 

and its associated size increase, which would render an individual competitively inferior 

to larger conspecifics that had already moulted, and extend the amount of time small 

lobsters are susceptible to some predators. It is notable that in the 30-L tanks, in which 

swimming (particularly vertically) was more constrained and only monitored over 13 
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days, time until moult showed fewer significant differences between substrate treatments 

than in the 600-L tanks, although the pattern was similar. More specifically, in both the 

30-L and 600-L tanks, lobsters settled more rapidly onto cobble bottom than onto all 

other substrates. However, whereas in the 600-L tanks this resulted in lobsters moulting 

significantly faster over cobble than over mud, and significantly faster over mud than 

over sand, in the 30-L tanks the only significant difference in time until moult was 

between postlarvae over cobble and sand. I believe the reason why patterns were not as 

clear in the 30-L as in the 600-L tanks is related to constraints to swimming behaviour 

imposed by the smaller tanks. Interestingly, differences in swimming time and time until 

moult on different substrates in these two experiments support this interpretation. More 

specifically, over cobble, a substrate that consistently led to rapid settlement in both 

experiments, the average time until moult was similar in the 30-L and 600-L tank 

experiments (15 d). However, over the less-preferred substrates, where postlarvae 

delayed settlement, lobsters did not swim as long in the smaller 30-L tanks ( after 13 days, 

only 20% still swam over mud, 30% over sand, and 39% over bare) as they swam in the 

600-L tanks (after 13 days, 85% still swam over mud, and 86% over sand). Neither did 

lobsters delay moult as long in the 30-L tanks (mud= 17 d; sand= 18 d; bare= 19 d) as 

they did in the 600-L tanks (mud= 19 d; sand= 23 d). I cannot directly investigate the 

relation between settlement time and time until moult in the 1-L jar experiment, given 

that swimming behaviour was not quantified in this experiment as the small containers 

offered little space for swimming and indeed very few postlarvae were seen swimming 

during daily observations, even after only 4 days (estimated at less than 5-10%). 

However, moult patterns in this experiment also suggest that constraining swimming 
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behaviour affects time until moult, as postlarvae in 1-Ljars consistently moulted more 

rapidly on all four substrates ( cobble = 11 d; mud = 12 d; sand = 12 d; bare = 16 d) than 

in larger tanks as outlined above. Thus, delayed settlement over less-preferred substrates 

was associated with delayed moult, although this effect became less clear when 

swimming behaviour was constrained by reduced tank size. 

The third potential cost to delaying settlement is a decreased growth rate, 

manifested as a smaller size increment in carapace length and mass upon moulting to 

stage V. In the 600-L tanks, the postlarvae taking longest to settle ( those over sand) 

exhibited, on average, a smaller increase in carapace length and mass after moulting than 

postlarvae that settled sooner (those over cobble and mud). Substrate had comparatively 

little effect on growth ofpostlarvae in the 1-Ljar and 30-L tank experiments, again 

probably because these offered little space for swimming, as just discussed in regards to 

variation in time until moult. Interestingly, when using each of the 12 individual tanks of 

the 600-L experiment as replicates, settlement time showed no continuous relationship 

with post-moult carapace length or mass as seen for time until moult. Instead, increasing 

settlement time resulted in no differences in post-moult growth except at the longest 

delay times ( over sand) where post-moult growth suddenly dropped. This result was 

surprising, and in particular the observation that growth of lobsters over mud was not 

significantly different from those over cobble, despite the fact that they delayed 

settlement markedly longer relative to conspecifics over cobble ( 100% settlement took 8 

days over cobble, and 25 days over mud). In fact, the mass of stage V lobsters over mud 

in the 600-Ltanks tended to be less variable and somewhat greater (5-17% heavier) than 

those over cobble, although not significantly so. Given our attempts to provide food ad 
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libidum to lobsters in all treatments, these results suggest that there may exist a complex 

relationship between settlement time and growth, where increments in time to settle have 

little effect on postlarval growth up until a point beyond which marked effects on growth 

occur. More specifically, the extra days spent swimming over mud (versus cobble) did 

not reduce post-moult growth, or at least reduced it insufficiently to be detected by the 

morphometric indicators I used (length and mass), whereas the few days extra spent 

swimming over sand (versus mud) strongly reduced growth. This result suggests that, in 

the laboratory, lobster postlarvae over mud do not delay settlement to the point of 

negatively impacting growth, as those over sand do, and suggests that juveniles regard 

mud as a better settlement habitat than sand when cobble is not available. 

An alternative explanation for the similar growth of lobsters over cobble and mud, 

despite the markedly different swimming time over the two substrates, is that unequal 

feeding opportunities between the cobble and mud treatments may have compensated for 

differences in energetic status arising from the different settlement times on these two 

substrates. Under this scenario, postlarvae delaying settlement over mud would have been 

expected to experience lower growth relative to postlarvae over cobble, but in my 

experiments these differences may have been compensated for in one of two ways. First, 

if lobsters on mud acquired more food from their substrate after settlement this could 

have boosted their growth to a level similar to lobsters on cobble. The mud used in the 

600L tanks was not dried or sieved and contained some macroscopic organisms such as 

small worms and crustaceans. Lobsters on mud could thus have supplemented their brine 

shrimp diet with these items. Although a possibility, I do not believe this food 

compensation occurred. If lobsters on mud were supplementing growth by consuming 
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live organisms from the mud, then growth in the 600-L tanks lined with fresh mud should 

have been greater than growth in the 30-L tanks lined with mud that had been sieved and 

dried to remove most of these additional food sources. Instead, the mean mass of stage V 

on mud was similar in 600-L (0.040 g) and 30-L (0.042 g) tanks, and mean carapace 

length was identical (4.4 mm). Furthermore, iflobsters were feeding on small pieces of 

organic matter present in either fresh or dried mud, then growth over mud should have 

been enhanced in all the laboratory experiments. Instead, in the 1-L jars, lobsters on mud 

had a smaller mean carapace length (4% shorter) and significantly lower mean mass 

(11 % lower) than those on cobble. It is clear that the use of intertidal mud was not 

consistently linked to increased growth in the mud treatment and it therefore seems 

unlikely this could account for the similar post-moult size of individuals in the mud and 

cobble treatments in the 600-L tank experiment. 

A second potential food-related explanation for the similar growth of lobsters 

over cobble and mud, despite the markedly different swimming time over the two 

substrates, is that lobsters in cobble tanks may have tended to remain sheltered and as 

such, encountered food less frequently than conspecifics on mud. In the 600-L and 30-L 

cobble-lined tanks, postlarvae quickly left the water column to shelter under cobbles and 

were not seen foraging outside their shelter. Recent settlers are believed to remain in their 

shelter, feeding by capturing organisms in the water using pleopod fanning or by 

ambushing prey at the shelter entrance (Barshaw and Bryant-Rich 1988, Lavalli and 

Barshaw 1989). It is possible that this cryptic behavior limited access to food as brine 

shrimp that fell to the bottom would not always have landed immediately in front of the 

cobble shelters. In contrast, in the 600-L and 30-L tanks, postlarvae delaying settlement 
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over mud, sand, or a bare tank bottom were observed feeding readily on food floating in 

the water column. Once these postlarvae settled to the bottom of their tank, they may 

have been more likely to detect and encounter brine shrimp falling to the bottom than 

postlarvae hidden under a cobble shelter would have. Accordingly, postlarvae over mud, 

sand, or a bare tank may have had better access to food than those over cobble. This 

interpretation is supported by the fact that the mean mass of stage V lobsters in cobble in 

the small 1-L jars, where food was confined in the immediate area of settled postlarvae, 

was heavier (0.044 g) than the mean mass oflobsters in the larger cobble-lined 30-L 

tanks (0.036 g) or 600-L tanks (0.038 g). The design ofmy study does not enable me to 

assess the effect of food acquisition (in the plankton and on the benthos) on the 

relationship between settlement delay and growth, but it does conclusively demonstrate 

that delaying settlement can negatively affect lobster development and growth. Future 

studies should investigate the separate and interactive effects of food availability 

(planktonic and benthic) on settlement time and growth. 

While several studies have looked at substrate preference by lobster postlarvae 

and early benthic phase juveniles (Botero and Atema 1982, Pottle and Elner 1982, W ahle 

and Steneck 1992), and one has quantified postlarval settlement time on different 

substrates (Botero and Atema 1982), my study is the first to demonstrate that delaying 

settlement can negatively affect lobster development and growth. Growth in lobsters is 

only possible when the old carapace is moulted to free the new, larger carapace that has 

developed underneath. Thus, frequency of moulting, time to each moult, and size 

increment after moult all determine the rate at which a lobster develops and grows. 

Although it is unknown if postlarval lobsters delaying settlement incur costs only to their 
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first benthic moult or to subsequent moults as well, in some species the costs of delaying 

settlement persist through subsequent developmental stages (de Jesus de Brito Simith et 

al. 2013), or may even manifest in later juvenile or adult stages (Pechenik 2006). 

However, even if development and growth rates soon resume levels exhibited by non­

delaying individuals, those that delayed settlement may still be smaller than average due 

to their first reduced growth increment (Gebauer et al. 1999). For juvenile lobsters, any 

reduction of development and growth is problematic, given that smaller individuals are at 

a disadvantage when competing with larger conspecifics for food and shelter ( 0 'Neill 

and Cobb 1979), and are at greater risk of predation with a smaller body size (W ahle and 

Steneck 1992). Any delay in moult and any reduction in carapace length and mass 

increment would extend the amount of time an individual is at higher risk. 

It is likely because of these costs of delayed settlement that larvae do not 

indefinitely delay settlement in search of high quality cobble habitat. Instead, postlarvae 

are known to become less selective about the quality of their shelter with time (Boudreau 

et al. 1993), and in my study they eventually settled on all substrates before survival to 

stage V was affected. This behaviour would limit the expenditure of energy and its 

associated costs to development and growth, while still allowing some time to seek high­

quality shelter. Ultimately, to maximize growth and survival postlarvae must balance the 

hazards of settling into a poor quality habitat (risking higher exposure to predation by 

pelagic and benthic predators), against the hazards of spending more time swimming in 

the water column (risking predation by pelagic predators as well as energy depletion and 

the associated reduced development and growth rates). 
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Mechanisms underlying developmental and growth costs of delayed settlement 

Delayed settlement could delay moult and reduce post-moult size increment in 

several different ways, but it seems most probable that the energetic demand associated 

with the additional swimming while delaying settlement is responsible. Postlarval 

lobsters store more lipids than earlier larval stages, and these stores are believed to serve 

as an energy reserve allowing postlarvae a few days to find or construct shelter as they 

transition to the benthos before they must begin feeding (Sasaki et al. 1986). The growth 

increment between stage IV and Vis extremely low relative to earlier larval stages as 

well as older juveniles up to stage XIV (Hudon 1987, James-Pirri and Cobb 1987), which 

has been interpreted to mean that new settlers are spending more time seeking shelter or 

remaining sheltered than they are feeding (Hudon 1987, James-Pirri and Cobb 1997). 

Shelter-restricted behaviour may increase the reliance of newly-settled postlarvae on their 

energy stores (Sasaki et al. 1986), which extended swimming may have depleted. 

Lobsters that are poorly nourished or starved (i.e. have reduced energy reserves) have 

been shown to delay moult or exhibit smaller growth increment upon moulting 

(Templeman 1936, Carlberg and Van 01st 1976, Anger 1987, Theriault and Pemet 2007). 

In a similar fashion, reduction of energy reserves by extended swimming may also delay 

moult and reduce the post-moult size increment. In my experiments, the amount of 

swimming room in the tanks influenced how strongly swimming time (i.e. settlement 

delay) affected time until moult as well as post-moult increase in carapace length and 

mass. Only in the large 600-L tanks, which had ample room for postlarvae to swim 

extensively, and where more swimming activity was indeed observed, did we 

consistently see significantly different times to moult and significantly smaller size 
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increments in lobsters taking the longest to settle (i.e. swimming the longest). These 

results suggest that in nature, where swimming is not constrained, delayed settlement 

reduces development and growth by way of the energy consumed during prolonged 

swimming. 

Energy consumed while swimming during delay of settlement is a more plausible 

explanation for the reductions in development and growth seen in these experiments than 

other factors such as establishment of a dominance hierarchy, effects of high conspecific 

density, or energy consumed while manipulating a substrate. While a dominance 

hierarchy may delay moult (Cobb 1970, Cobb and Tamm 1974), and high conspecific 

density may lower post-moult size increments (Aiken and Waddy 1978, Roach 1983), I 

saw marked growth differences in the 600-L and not the 30-L tanks, despite the fact that 

lobsters were stocked at lower densities, and presumably interacted less, in the 600-L 

tanks than in the 30-L tanks. Bottom substrates themselves do not appear to directly 

affect time until moult or growth at moult (Cobb 1970, Roach 1983), although substrate 

manipulation could consume energy normally put into moulting and growth. However, 

the length and mass of stage V lobsters in 30-L and 600-L mud-lined tanks were similar 

to, or even greater than, the length and mass of lobsters on cobble or sand, even though 

lobsters on mud had manipulated the substrate the most by scooping out depressions and 

digging tunnels. In contrast, individuals on cobble or sand performed no or few substrate 

manipulations as lobsters on cobble were too small to move their cobbles, and lobsters on 

sand made very few depressions and no complex shelters, due to low cohesiveness of this 

substrate. Thus, extended swimming time and depletion of energy reserves seem to best 
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explain the differences among substrates in time until moult and post-moult carapace 

length and mass. 

In summary, it is advantageous for postlarvae to delay settlement for some time 

over substrates which provide only poor shelter. However, there can be a trade-off in 

terms of the energy consumed and the resulting effects on development and growth if an 

individual delays too long. The decisions made by individual postlarvae are important as 

they can influence the demography of lobster populations. The amount of time spent 

swimming in the water column over various substrates will influence dispersal distances 

and patterns and will shape connectivity within and between populations, while the 

substrate choices postlarvae make when settling will result in settlers being patchily 

distributed in nature. In particular, we can expect higher densities on high quality cobble 

habitat, and this is indeed observed in nature (Hudon 1987, Wable and Steneck 1991), but 

my lab findings also suggest that postlarvae may also be settling on mud bottom to avoid 

development and growth costs associated with delaying settlement when preferred cobble 

bottom is not encountered. 

Mud substrate as juvenile habitat in Maces Bay 

The field survey in Maces Bay, in the Bay of Fundy, an area containing cobble 

reefs known to support lobster settlers and EBP juveniles (Gudjon Mar Sigurdsson, pers. 

comm.) was performed to assess whether settlers and juvenile lobsters are also present on 

mud substrate in Maces Bay and to examine how the juveniles are using mud habitat. Our 

current understanding is that only cobbles, or cobbles scattered on sedimentary 

substrates, play a significant role as settlement habitat for American lobsters (Hudon 
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1987, Wable and Steneck 1991). However, in nature, cobble habitat may not always be 

available and my laboratory experiments (see also Botero and Atema 1982) have shown 

that postlarvae prefer mud substrate over sand or glass bottom and will settle upon non­

cobble substrates rather than die. Mud, in particular, can be modified to produce a 

structurally complex shelter in the form of tunnels (Berrill and Stewart 1973, Botero and 

Atema 1982). Given that mud is present across the lobster's range (USGS 2005, Fader et 

al. 1977, Shaw et al. 2012, Schumacher et al. in preparation) and abundant in many parts 

of the Bay of Fundy (Fader et al. 1977, Shaw et al. 2012, Schumacher et al. in 

preparation) such as Maces Bay, and given the previous observations of juvenile lobsters 

on mud seafloor ( see Introduction), mud habitat has the potential to serve as settler and 

juvenile habitat in the wild. 

In this field study, I found evidence of newly-settled lobsters and early benthic 

phase juveniles using mud bottom as habitat in Maces Bay. Juvenile lobsters measuring 

7 .1 - 51 mm in carapace length (CL) were found in the collectors, encompassing animals 

only a couple of months old, up to probably 5 years of age (Taryn Minch, pers. comm.). 

This represents all juvenile life history phases, including shelter-restricted juveniles ( 4-14 

mm CL), emergent juveniles (15-25 mm CL), vagile juveniles (25-40 mm CL), and 

adolescents (>40 mm CL) (Lavalli and Lawton 1996). While this size range has been 

previously seen in collectors on cobble reefs (Wable et al. 2009, Wable et al. 2013, 

Gudjon Mar Sigurdsson, pers. comm.), this is the first time collectors were deployed on 

mud bottom and my findings strongly suggest that mud habitat in Maces Bay is 

supporting juvenile lobsters encompassing all of the Lavalli and Lawton (1996) life 

history phases. Whereas animals < 13 mm CL were probably young of the year (YOY) 
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that settled on cobble inside the collectors, and thus never lived on mud bottom, the older 

individuals~ 13 mm CL had likely spent some or all of their lives on mud bottom (see 

below). 

Settlement onto cobble and mud bottom 

The densities of newly-settled young of the year (YOY) in the collectors support 

our current understanding that postlarval settlers preferentially settle in cobble habitat. 

There were more YOY settlers found in collectors on cobble than in collectors on mud 

( centre and edge), despite both types of collectors containing identical cobble substrate. 

This is most likely due to postlarval preference of the surrounding cobble substrate over 

mud substrate (Botero and Atema 1982, Wable and Steneck 1992, this study) leading to 

individuals spending more time testing the bottom over their preferred cobble substrate 

and less often over mud, leading to fewer encounters with collectors on mud. 

The greater abundance of YOY settlers in collectors on cobble is also far more 

likely to reflect higher initial settlement into collectors on cobble rather than factors such 

as oceanography or differential mortality. While the numbers of settlers at a site can be 

influenced by site-specific differences in oceanographic properties such current strength 

and direction, water depth, and temperature (Boudreau et al. 1992, W ahle and lncze 

1997, Xue et al. 2008, Chasse and Miller 2010), this is unlikely to be the case here. My 

five sites in Maces Bay were in close proximity (in an area of roughly 1.8 km2
), the mean 

depth among sites varied at most by 1.8 m, whereas depth could vary by 1.4-5.3 m within 

a site, and mean bottom temperature only varied by O. l 5°C among sites, whereas 

temperature could vary by 7-16 °C within a site over the study period. Higher mortality 
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in collectors on mud could also have lowered counts ofYOY settlers compared to 

collectors on cobble, but it is unclear why mortality by lobster predators would differ for 

postlarvae in collectors on the two substrates. Lobsters would have been sheltering in 

identical cobble-filled cages placed on either mud or cobble seafloor and predators of 

small lobsters, such as fish and crabs, exist at higher densities in cobble habitat (W ahle 

and Steneck 1992). Thus, it seems most likely that the different abundance of YOY 

settlers between the cobble and mud environments was due to higher settlement into 

collectors on cobble, possibly due to increased sampling of the preferred cobble seabed, 

leading to more encounters with the collectors on cobble. 

Although postlarvae prefer settling onto prime cobble habitat, my study provides 

evidence that they are also settling onto mud bottom. It is important to stress that the 

presence of settlers of the year (YOY: carapace length 7.1 - 13 mm) (Gudjon Mar 

Sigurdsson, unpublished data) in collectors on mud does not actually provide evidence of 

settlement on mud bottom, as these postlarvae settled into a small patch of cobble habitat 

I provided that was surrounded by mud, but they did not settle onto mud itself. However, 

the presence ofYOY does indicate larvae are present in the water over the mud sites and 

are sampling the benthos in muddy areas. Instead, the best evidence for settlement onto 

mud comes from the presence of the small juveniles measuring 13-16 mm CL in 

collectors on mud bottom at the Centre Mud site, which includes both shelter-restricted 

and small emergent juveniles according to the Lavalli and Lawton ( 1996) scheme, and 

probably comprises individuals that are mostly 1 year old, and possibly some that are 2 

years old {Taryn Minch, pers. comm.). Shelter-restricted juveniles are thought to be 

largely confined to their shelters, acquiring food by suspension feeding or ambushing 
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prey at the entrance of their shelter (Barshaw and Bryant-Rich 1988, Lavalli and Barshaw 

1989), while emergent juveniles make only short forays outside shelter (Lavalli and 

Lawton 1996). It thus seems unlikely these individuals would have left patches of prime 

cobble habitat, which I estimate would have been a minimum of 400 m away from the 

centre of the mud patch where I deployed collectors, and walked unsheltered and exposed 

into an area of mud habitat with poorer prospects for shelter. It is also interesting that the 

relative abundance of these small individuals ( 13-16 mm CL), compared to other-size 

lobsters, was significantly greater in collectors on mud than in collectors on cobble, 

which may reflect a greater tendency for these individuals to move in mud habitat, where 

shelters may periodically degrade, than in structurally complex cobble habitat. Thus, 

there is evidence for both settlement and retention of postlarval lobsters on mud habitat. 

Use of mud bottom by early benthic phase juveniles 

The presence of lobsters measuring 17-51 mm CL in collectors provides further 

evidence that juvenile lobsters occupy mud bottom. I believe variation in the abundance 

and relative abundance of lobsters 3 7-51 mm CL, which are estimated to be 3-5 years of 

age (Taryn Minch, pers. comm.), is best interpreted as resulting from emigration oflarger 

individuals into mud-bottom areas. Whereas settlement was greater in collectors on 

cobble bottom than on mud, and densities of previously settled juveniles in my study 

were markedly greater in collectors deployed on cobble than those on mud, the relative 

abundance of individuals 3 7-51 mm CL compared to other sizes was actually greater in 

collectors on mud (38.9%) than on cobble (9.6%). Similarly, the absolute abundance of 

the larger adolescent juveniles measuring more than approximately 40 mm CL was as 
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high inside collectors on mud as inside those on cobble. I believe these patterns reflect 

larger lobsters moving into the Centre Mud site from outlying areas. The Pooled Edge 

Mud areas had an abundance and size structure of juvenile lobsters intermediate to those 

at the Centre Mud site and Pooled Rock areas, between which it lay. This observation 

could reflect movement of juveniles from rocky areas into the Pooled Edge Mud areas 

where they influenced the abundances and size composition of EBP juveniles therein 

( although the substrate composition of the Pooled Edge Mud areas, which was 

intermediate to that at the purely mud Centre Mud site and the rocky Pooled Rock area, 

may also explain the observed patterns). Nonetheless, given the mobility of larger 

juveniles, and their patterns of abundance, I believe their presence in collectors on mud is 

at least partly the result of these individuals moving broadly among different substrates. 

A recent ultrasonic telemetry study has shown that large juveniles 37-51mm CL are 

capable of crossing the ,..., 400 m separating the cobble patches from the Pooled Edge Mud 

areas and the ,..., 400 m distance from the Pooled Edge Mud areas to the Centre Mud site 

(Bryan Morse, unpublished data). These individuals correspond to the largest vagile 

juveniles and adolescents (Lavalli and Lawton 1996), which are thought to be less strictly 

associated with shelter and to range farther abroad (Lavalli and Lawton 1996), since risk 

of predation decreases with larger body size (Wable and Steneck 1992) and the diet of 

larger lobsters changes from items foraged or scavenged near the shelter, to one more 

reliant on larger, captured prey (Sainte-Marie and Chabot 2002). Furthermore, there is 

evidence that larger lobsters move away from areas of high conspecific density into areas 

of lower density, and reduced competition (Steneck 2006). As a result of these 
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ontogenetic changes in movement patterns, larger juveniles may move out from cobble 

reef and onto mud. 

The abundance and relative abundance of smaller juveniles, including emergent 

and vagile individuals measuring 17-36 mm CL, which are estimated to be 1-4 years of 

age (Taryn Minch, pers. comm.), were markedly greater in collectors on cobble than in 

collectors on mud. The greater relative abundance of 17-36 mm CL juveniles in 

comparison to other size individuals in collectors on cobble than in collectors on mud is 

probably a result of the movement of large adolescents discussed above. As individuals 

over 3 7 mm CL leave cobble habitat and move into mud, this would increase the relative 

abundance of the 17-36 mm CL juveniles remaining on cobble, and decrease the relative 

abundance of 17-36 mm CL juveniles on mud as larger adolescents migrate in. The 

greater absolute abundance of the 17-36 mm CL juveniles inside collectors on cobble is 

not surprising, and undoubtedly is the result of much greater settlement, possibly 

combined with greater survival, on cobble than on mud bottom (Barshaw and Lavalli 

1988, Wable and Steneck 1992). As well, perhaps the small 17-36 mm CL juvenile 

lobsters move more on cobble bottom than on mud bottom, and are caught more 

frequently in collectors on cobble, either because they are more likely to be displaced by 

dominant individuals on cobble bottom where densities are much higher (Paille et al. 

2002, Steneck 2006), and/or because they are more likely to forage over larger areas on 

structurally complex bottom than over more homogeneous mud bottom (Hovel and 

Wable 2010). This latter hypothesis may initially appear contradictory to one proposed 

earlier, which suggested that the relative abundance of smaller individuals 13-16 mm CL 

was greater inside collectors on mud than those on cobble due to an increased tendency to 
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move about on mud when shelters degrade. The 13-16 mm CL individuals are 

predominantly shelter-restricted and are believed to remain tightly-bound to their 

shelters, at least when living on structurally complex cobble bottom where shelters are 

sturdy and more permanent. On mud bottom, however, shelters may collapse and force 

these small individuals to move to find or construct another shelter, hence 13-16 mm CL 

lobsters may move more on mud than on cobble, thereby appearing more frequently in 

collectors on mud than in those on cobble. In contrast, the larger 17-36 mm CL 

individuals ( emergent and vagile phases) are thought to need to leave their shelters to 

forage over larger areas (Lavalli and Lawton 1996), including on cobble bottom. When in 

a cobble habitat, these individuals may be able exploit the complexity of their 

environment to move more freely, farther, and safely, than those on a homogenous mud 

bottom, hence 17-36 mm CL lobsters may move more on cobble than on mud, thereby 

appearing more frequently in collectors on cobble than in those on mud. It is not possible 

to say from my data which of these hypotheses is most likely, and clearly empirical work 

is needed to quantify survival and movement of juvenile lobsters on cobble and mud 

bottom. 

In summary, the differences in lobster abundance and size frequencies between 

collectors at the Pooled Rock, Pooled Edge Mud, and Centre Mud areas suggest a pattern 

of habitat use that includes settlement on mud and also juvenile range expansion from 

cobble into mud habitat as juveniles grow. In the lab, postlarvae settle from the water 

column onto both cobble and mud habitat although cobble habitat is settled preferentially 

(Botero and Atema 1982), and the same is probably true in nature. The high numbers of 

postlarvae on cobble beds give rise to high numbers of small shelter-restricted, emergent, 
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vagile, and adolescent size classes in this habitat. All these life phases of juveniles, with 

the exception of adolescents, appear to be markedly less abundant on mud seafloor, 

probably due to the lower number of initial YOY settlers there, but they are nonetheless 

present. As juveniles grow in size, they increasingly move over larger distances and, 

given their densities are much greater on cobble than on mud bottom, these movements 

result in a net movement of juveniles from cobble to mud bottom. The largest juveniles 

disperse the farthest and appear to be spread out more uniformly across different seafloor 

substrates in Maces Bay. This, in turn, allows the population to spread out from its initial 

settlement sites (Wable and Incze 1997), until as adults, lobsters are found in a great 

variety of habitats (Cooper and Uzmann 1977). The results ofmy study indicate that we 

may have underestimated the use of mud substrate by juvenile lobsters (7-51 mm CL), 

which in Maces Bay seem to be using mud habitat as initial settlement grounds, as habitat 

during early development, and as expansion habitat as they grow. 

Conclusion 

The results of this study are consistent with earlier work demonstrating that 

lobster postlarvae prefer to settle upon structurally-complex cobble bottom rather than 

upon more homogenous substrates such as mud, bedrock or sand, and that they will delay 

settlement when swimming over these homogenous substrates (Botero and Atema 1982). 

These findings strongly suggest that modelling efforts to understand stock structure and 

connectivity need to incorporate seafloor substrate as a parameter when estimating 

dispersal and settlement. This study also shows, for the first time, that there is a 

significant development cost and potential growth cost associated with delayed 
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settlement. However, more experimental work is needed to determine the actual 

relationship between settlement delay and postlarval development and growth to stage V 

under natural conditions, including natural food availability, and to determine whether 

the effects of settlement delay have longer-term consequences. Irrespective of the precise 

shape of the relationship between settlement delay, development, and growth, it appears 

that the costs of delaying settlement limit the amount of time postlarvae will swim in 

search of cobble habitat, and this likely explains why they have been observed to settle on 

structurally simpler substrates in the lab when the preferred cobble substrate was not 

available (Botero and Atema 1982, this study). Somewhat surprisingly, there is very little 

empirical evidence of postlarvae settling on substrates of low structural complexity in 

nature (see Introduction), and my field study in Maces Bay provides some of the scant 

evidence to date of lobster settlement on bare mud (see also Cooper and Uzmann 1977, 

Normandeau Associates Inc. 1999). I believe the scarcity of data pointing to postlarval 

settlement on structurally simple bottom is due to a combination of low settlement 

densities on such substrates, few attempts to survey non-cobble habitats for early benthic 

phase lobsters, and large challenges involved with sampling for lobster settlement in 

these habitats. 

My study presents evidence of postlarval and juvenile lobster use of mud bottom 

in Maces Bay, but does not clearly indicate how important mud bottom is to the 

demography of lobsters within the bay, let alone more broadly within the Bay of Fundy 

( although see Introduction for previous studies noting EBP juveniles on mud bottom in 

other locations) . Based upon densities of juveniles in the collectors, a conservative 

estimate suggests mud habitat could be important as lobster nursery grounds in these 
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areas. While the average density of juveniles in collectors was approximately 10 times 

higher on cobble (0.23 individuals m-2
) than on mud (0.021 individuals m-2

), at my study 

site in the north western portion of Maces Bay, mud bottom was roughly 4.5 times more 

common than cobble bottom. Furthermore, mud seafloor is prevalent in the Quoddy 

region in the Bay of Fundy (Fader et al. 1977, Shaw et al. 2012, Schumacher et al. in 

preparation) and across much of the lobsters' range (USGS 2005). Hence, even though 

mud may support a lower density of juveniles than cobble reefs do, mud's prevalence 

across the species' range could make this an important secondary habitat for juveniles. 

These rough calculations must be taken with caution given that the collector is a 

passive sampling tool and hence, lobster densities in collectors do not necessarily 

correspond to in situ densities ( see Methods). EBP lobster densities in collectors on 

cobble have been found to be similar to densities obtained by suction sampling quadrats 

(Wahle et al. 2009, Wahle et al. 2013). However, collectors on mud may artificially 

concentrate densities as the collectors offer a higher quality patch of structurally complex 

substrate than the surrounding homogenous habitat does. Now that my study provides 

strong evidence of use of sediment bottom by a large size range of juvenile lobsters, 

including for settlement, it will be worth exploring more logistically difficult and costly 

sampling approaches to attempt to obtain accurate estimates of densities of these lobsters 

on mud bottom. Based on preliminary attempts, I believe that quadrats sampled by 

SCUBA divers do not represent the best approach to obtain these estimates, given the low 

densities expected and the difficulty of sampling large areas of bottom where easily­

disturbed sediments rapidly compromise visibility. Instead, I believe two approaches 

worth exploring are (i) a modified Nephrops trawl, which is designed to capture 
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crustaceans that reside in mud depressions and burrows (Conan et al. 1994), or (ii) a clam 

dredge, which uses jets of water to lift infauna buried in sediments for collection in the 

trawl (Smolowitz and Nulk 1982). These instruments sample a known area (instrument 

width x tow length), and would provide more reliable estimates of juvenile densities. 

In addition to accurate estimates of juvenile lobster densities on mud bottom, 

estimating the real contribution of mud and cobble bottom to lobster productivity will 

require a better understanding and estimates of several vital processes. First, given the 

evidence that juvenile lobsters are moving between habitats, tracking studies should be 

done to quantify juvenile movements, and help determine the proportion of time 

individuals spend in different habitats at different phases of their life. Second, it will be 

important to compare the health, development, growth, and survival of juveniles on mud 

and on cobble bottom. 

It is unclear if mud bottom has always served to some extent as lobster nursery, or 

whether this habitat has only recently become important as lobster populations in many 

areas have grown. Preferred cobble habitat could be undergoing crowding, thereby 

leading to increasing numbers of juvenile lobsters moving out of cobble reefs and onto 

mud. At the same time, survival on mud may be improving with declining predator 

populations in many areas (Acheson and Steneck 1997). Mud may be serving as 

expansion habitat, and may even help some lobster populations avoid a bottleneck caused 

by limited availability of cobble (Wable and Steneck 1991). Interestingly, the movement 

of juveniles into mud habitat may even make this substrate a good place to detect signs of 

population expansion, or early signs of contraction, before they are visible in cobble 

habitats (Ross Claytor, pers. comm.). If the current upward trend in lobster populations 
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continues, the importance of mud seafloor as American lobster nursery habitat is likely to 

mcrease. 
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