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Summary. Chances for survival increase as a snail grows, and the resulting 
size-specific survival curve dictates hatching size. Related species tend to 
hatch at the same size, reflecting similarities in ecological roles. Hatching 
size depends upon macrohabitat and microhabitat among the Muricidae. 
Thais emarginata hatches large enough to escape from a major predator 
(the hermit crab) of newly hatched T. lamellosa. However, Thais hatching 
sizes reflect a general trend for upper shore muricids to hatch larger than 
lower shore ones, rather than a response to predators. A given volume 
of yolk will yield the same volume of hatchlings (regardless of hatching 
type or number of hatchlings) for all prosobranchs, including those whose 
embryos feed on nurse eggs. Therefore, no hatchlings are inflated more 
than others to make them less attractive to predators. 

A. Introduction 

Some prosobranch gastropods hatch as small as 80 gm (Caledoniella montrou- 
zieri; Amio, 1963), while others attain fully 35mm before hatching (Syrinx 
aruanus; Murray, 1964). Many of the smaller hatchlings are planktonic; howev- 
er, individuals as small as 160 gm may metamorphose prior to hatching (Cingu- 
lopsisfulgida; Lebour, 1936). The objective of the present paper is to determine 
why prosobranch snails, and particularly snails that metamorphose before hatch- 
ing, reach so many different sizes before hatching. 

A parent can make vast numbers of small offspring or a few larger ones. 
If fecundity is adjusted to environmental stress level or other factors, then 
hatching size will be determined by fecundity. However, small hatchings are 
less likely to survive than larger ones (Thorson, 1950). If chances for survival 
increase with size, then there will be one size (the "optimum") at which the 
largest number of offspring will survive through the immediate post-hatching 
period (Smith and Fretwell, 1974), and hatching size will be determined by 
the survival characteristics of the hatchling. 



284 T.M. Spight 

I f  a hatchl ing 's  size depends on its survival characteristics, then (1) hatching 
size should depend u p o n  habi ta t  (snails will r un  more  risks in harsher environ-  
ments) ;  (2) related species should tend to have similar hatching sizes (they 
will have similar physiological  tolerances, diets, and  predators),  and  (3) parents  
may  at ta in bo th  high fecundity and  large hatching size by decreasing tissue 
density (analogous to the postecdysis expansion of a typical ar thropod) ,  or 
increasing apparen t  size (for instance,  m a n y  adults  add spines to discourage 
predators ;  Carter, 1967; Spight and  Lyons,  1974), 

To evaluate these hypotheses, I have examined available data on  hatching 
sizes and  habitats ,  and  have evaluated survival characteristics for the rocky 
shore snails, Tha i s  l ame l losa  and  T. ernarginata  (Muricidae).  Hatching  sizes 
for most  groups were obta ined  from Amio  (1963) and  F ioron i  (1966), bu t  
an  a t tempt  has been made to locate all data  for members  of the family Muricidae.  

B. Methods 

1. Size-Selection Experiment 

To determine how large snails must be to avoid being eaten by hermit crabs, I offered snails 
of several sizes to 4 Pagurus granosimanus, 2 P. beringanus, and 3 P. hirsutiusculus. P. beringanus 
and P. granosimanus occupied Thais shells 20-35 mm long while P. hirsutiusculus occupied Littorina 
and Lirularia shells only 4-9 mm long. The 3 small P. hirsutiusculus were kept together in a 
culture dish; each of the other crabs had a dish to itself. Several T. lamellosa hatchlings (1.2 ram), 
larger T. lamellosa (1.6-2.0 mm), T. emarginata veligers (0.5-1.2 ram; late, yolky, non-swimming 
veligers removed from capsules), and one 7". emarginata hatchling (1.6 ram) were placed in each 
dish. All T. emarginata hatchlings and larger T. lamellosa had thicker shells than did T. lamellosa 
hatchlings or veligers. 

Crabs and snails were left together overnight to observe size selection. One Pagurus granosimanus 
molted shortly after being isolated and can serve as a control. In its bowl, only 2 of 9 Thais 
lamellosa were killed, and all 3 T. emarginata veligers survived intact. Therefore, snail deaths 
Call be attributed to the crabs rather than to unfavorable physical conditions. 

2. Volume Estimations 

Volumes were estimated using egg diameters and hatching shell lengths (Tables 1-2 and Table 
39 of Fioroni, 1966 ; except the hatching size of Volutopsis norwegica is 20 mm, as given by Thorson, 
1940b) as diameters of spheres. Since measured values are usually maximum dimensions, calculated 
volumes will overestimate actual volumes. Many gastropod eggs are off-round (for example, a 
Thais emarginata egg is 210 x 180 gm). Egg volumes are not greatly overestimated by using maximum 
dimensions. Hatchling volumes are more greatly overestimated because shell width is only about 
60% to 80% of shell length (Table 14 of Amio, 1963). Therefore, the hatchling volumes used 
here must be regarded as "indices" rather than true volumes. If shell length is proportional to 
other shell dimensions, then estimated volumes will be ProPortional to true volumes by some 
constant. The "volume indices" calculated here can be used to compare taxa and to estimate 
missing egg or hatching sizes, even though the absolute volume change during development may 
be greatly overestimated. 

C. Results 

1. S i z e  a n d  S u r v i v a l  

A large hatchl ing will survive more  env i ronmenta l  stresses than  will a small 
one of the same type because the large hatchl ing (1) tolerates physical stresses 
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Fig. 1A-E. Sizes of newly hatched prosobranch 
gastropods (shell length, mm). Clear bars, swimming 
forms; dark bars, metamorphosed forms. A 
Archaeogastropoda, 16 species. B Mesogastropoda, 66 
species. C Neogastropoda other than Muricidae, 56 
species. D Muricidae, 44 species. E Total 
Prosobranchia, 182 species. Data from Fioroni (1966, 
97 species, world-wide), Amio (1963, 50 species, 
Japanese) and Tables 1 and 2 

such as dehydration more readily; (2) is susceptible to fewer predators (as 
a snail grows, progressively fewer predators will be able to eat it); (3) can 
withstand starvation longer (large and small snails should have equally large 
food reserves relative to their body masses; since large snails respire more 
slowly per gram of body weight, their food reserves will last longer); (4) can 
travel further to find food or shelter (for organisms travelling equal numbers 
of body lengths per unit time, the larger will cover more ground than the 
smaller one); and (5) has a larger food supply (large prey are taken in addition 
to the smaller prey captured by small predators; e.g., Wilson, 1974). 

Survival rates increase rapidly as Thais lamellosa grows. A newly hatched 
T. lamelIosa has a 1-2% chance to survive its first 3 months. A snail reaching 
3 months has a 35% chance to reach age 1, and older snails have a 40-60% 
chance to survive through subsequent years (Spight, 1975). With this rapid 
increase in survival rates, a 2 mm snail should have much better prospects 
than a newly hatched 1 mm snail. 

Hermit crabs are among the many predators that threaten newly hatched 
snails. These abundant crabs move readily throughout the shore and often 
comb through Thais larnellosa capsule masses to obtain hatching snails. Large 
shells are too thick for hermit crabs to crack (algae and detritus scraped from 
rock surfaces are the most frequent foods of these crabs; Roberts, 1968; Green- 
wood, 1972; Caine, 1975). Therefore, a small snail can lower its risk of capture 
by growing rapidly. 
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In the laboratory experiment, hermit crabs selected small snails with delicate 
shells. Small, thin-shelled T. emarginata veligers could neither crawl nor swim 
and none of 27 survived. Half (24 of 50) of the thin-shelled T. lamellosa 
hatchlings, 3 of 4 newly hatched T. emarginata and 8 of 11 older T. lameIlosa 
survived. The crabs did not discriminate between species among either thin 
or thick-shelled snails and consumed Thais emarginata veligers readily. Larger 
snails must have escaped more often because crabs could not crack their shells. 

A snail should evade hermit crabs after reaching 1.4 mm. A 1 mm T. lameIlosa 
could reach 1.4 mm in a week if it grew as rapidly as 10 mm snails do (Spight, 
1972). Many T. emarginata are 1.6 mm when they hatch, and are not susceptible 
to crabs although these predators kill many, if not most, young T. lamellosa. 

Few hatchlings starve to death. Many newly hatched Thais lamellosa were 
kept without food for a month, and, other than those broken while handling 
the culture dishes, none died. Physical stresses and predation probably threaten 
a newly hatched snail more than starvation does. 

A hatchling will always find it advantageous to be larger than its fellows. 
If hatching size increased from 1.0-1.6 ram, many more T. lamellosa would 
survive through their first year. Large size is least advantageous when mortality 
rates are the same for all size classes. However, the advantage is still positive; 
a small hatchling must still reach the larger sizes and may die before succeeding. 
Small size can be a disadvantage; the snail can be too small to avoid stresses, 
or catch prey, or, as the Thais data show, escape a predator. 

2. Size and Taxon 

Hatching sizes differ from one prosobranch order to another. The average 
mesogastropod hatches larger than most archaeogastropods and smaller than 
most neogastropods (Fig. 1). Nearly 40% of the archeogastropods hatch smaller 
than 155 gm, while only 2% of the neogastropods do, and all hatchlings larger 
than 3.2 mm are neogastropods. This trend holds for both planktonic and ben- 
thic hatchlings (Fig. 1); neogastropod veligers are about the same size as meso- 
gastropod conchs. 

Newly hatched Muricidae tend to be small relative to other Neogastropoda 
(Tables 1 and 2). The smallest neogastropod hatchlings are muricids (Thais 
floridana, 130 txm) while no muricid larger than 2.5 mm has been reported. 
Many neogastropods hatch larger than 7 mm, shell length (Table 3). All of 
these belong to three families: Buccinidae, Volutidae, and Melongenidae. 

Muricids of some genera hatch larger than those of other genera. Among 
metamorphosed hatchlings, the average Murex (1.0-2.5 mm) is larger than the 
average Thais (0.7-1.3 ram) or Acanthina (0.6-0.8 ram) (Tables 1 and 2). The 
smallest veligers are all Thaidids (Table 2). 

3. Size and Environment 

Hatchlings of different species will often have quite different chances for survival 
when they are the same size. The risks facing a hatchling will reflect the kind 
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Table 1. Muricidae: sizes of eggs and newly hatched snails for species whose embryos consume nurse 
eggs during the developmental period. Data for Thais emarginata and Acanthina spirata are typical 
measurements of greatest egg diameter, for eggs from Friday Harbor, Washington, and Tomales Bay, 
California 

Species Egg Shell length Nurse Source 
diameter at hatching eggs 

per 
(gm) (ram) embryo a 

Embryos hatch as veligers: 

Murex  incarnatus 180-200 1.8-1.9 x 1.1-1.2 49.2 
Murex  virgineus 200-217 0.54-1.83 29.1 

(mostly 1.18-1.75) 
Murex ramosus 243-250 1.6-1.8 x 1-1.1 16.1 
Murex trapa 267 1.00 1.27 9.2 

Embryos hatch as crawling snails: 

Thais lapillus 187 1.0 16.1 b 
Murex quadrifrons 200 1.5-1.7 91.4 
Murex senegalensis 200 2 35.0 
Ocenebrajaponica ~ 170 d 1.76 481.2 

Ocenebra japonica 200 1.4-1.6 68.2 
Thais emarginata c 180 > 1.15 30.2 
Thais emarginata 210 1.19 30.2 e 
Ocenebra sp. 225-250 0.775-2.025 19.5 

(most 1.0-1.5) 
Bedeva hanleyi 250 0.90 3.0 
Acanthina spirata 275 0.67 1.7 
Murex brandaris 240-330 0.660-1.840 (J?=0.976) 23.0 
Murex trunculus 240-330 - 23.0 
Ceratostoma burnetti 300 x 250 - 
Thais calcar 300 > 1.0 9.0 
Murex torrefiwtus 480-520 1.8-2.0 5.9 
Thais dubia - 1.32 - 

Thais hippocastaneum - >0.7 27.8 
Acanthina lapilloides - 0.8 

Gohar and Eisawy (1967) 
Natarajan (1957) 

Gohar and Eisawy (1967) 
Natarajan (1957) 

Pelseneer (1911) 
Knudsen (1950) 
Knudsen (1950) 
Chapman and 

Banner (1949) 
Amio (1963) 
LeBceuf (1971) 
Spight (1976) 
Fioroni (1966) 

Anderson (1967) 
Spight (1976) 
Fioroni (1966) 
Fioroni (1966) 
Amio (1963) 
Gallardo (1973) 
Cernohorsky (1965) 
Bokenham and 

Neugebauer (1938) 
Thorson (1940 a) 
Hewatt (1934) 

a (Total eggs--fertile eggs)/(fertile eggs) 
b Fioroni (1966) 
~ Data not used 
d Given as 1.7ram 
e Le Beeuf (1971) 

o f  f o o d  it is s ea rch ing  for ,  t he  k i n d  o f  p r e d a t o r s  l ikely  to feed  on  it, a n d  

the  k i n d  o f  h id ing  p laces  it r equ i r e s  to  w e a t h e r  adve r se  cond i t i ons .  A snail  

s ea rch ing  fo r  b a r n a c l e s  a n d  musse l s  on  a r o c k y  shore  m u s t  t o l e r a t e  e x p o s u r e  

to  a i r  o n c e  o r  twice  a day  or,  p a r t i c u l a r l y  w h e n  small ,  m u s t  f ind  re fuges  for  

l ow- t ide  per iods .  A n o t h e r  snai l  o f  the  s a m e  size tha t  sc rapes  a lgae  f r o m  sub-  

m e r g e d  sur faces  or  scavenges  on  a m u d  b o t t o m  will  h a v e  subs t an t i a l ly  d i f fe ren t  

r e q u i r e m e n t s  a n d  will  face  a ve ry  d i f fe ren t  sui te  o f  th rea t s  to its exis tence.  
I f  chances  for  su rv iva l  a r e  as d i f f e ren t  as in these  examples ,  a n d  i f  the  species 



288 T.M. Spight 

TaMe 2. Muricidae: sizes of  eggs and newly hatched snails for species whose embryos develop without 
nurse eggs. Original data are typical measurements  of  greatest egg diameter and hatching shell 
length for eggs from Friday Harbor,  Washington (except Thais lima, from Amchi tka  Island, Alaska) 

Species Egg Shell length Source 
diameter at hatching 
( g m )  (mm) 

Hatch as young snails: 

Favartia cellulosa" 160 - Lebour  (1945) 
Favartia cellulosa - 1 x 0.66-1.25 x 1 Raeihle (1966) 
Urosalpinx cinerea 300~00  1-2 b Hancock (1959) 
Urosalpinx cinema 240 b _ Lebour (1938) 
Urosalpinx cinerea - 0.8-1.0 Federighi (1931) 
Eupleura caudata 340090  0.7-1.1 (2"=0.9) MacKenzie (1961) 

0?=360)  
Trophon truncatus 400 1.2 Thorson (1946) 
Ocenebra aciculata 450 x 390 -- Franc (1940) 
Trophon muricatus 480 > 0.64 Lebour (1936) 
Thais lamellosa 590 1.0 original 
Thais canaliculata 620 1.3 original 
Torvamurex territus 675 1.55 x 1.2 Murray and Goldsmith (1963) 
Ceratostoma foliatum 720 - original 
Thais lima 920 1.3 original 
Ocenebra erinacea - 0.96 Lebour (1938) 
Murex angularis c - 2.5 Knudsen  (1950) 
Trophon clathratus - 1.0 Thorson (1940b) 

Hatch as veligers: 

Thais rustica 80 - Lebour (1945) 
Thaisfloridana 107 0.130 D 'Asaro  (1966) 
Thaisfloridana - 0.16 Lewis (1960) 
Thaisfloridana 96 - Fioroni (1966) 
Acanthina angelica" 119 - Wolfson (1970) 
Thais coronata 125 - Knudsen  (1950) 
Acanthina lugubris a 157 - Wolfson (1970) 
Murex turbinatus 150-170 - Thorson (1940 a) 
Concholepas concholepas 158-169 0.260 Gallardo (1973) 
Jopasfrancolinum 162-180 0.3 Gohar  and Eisawy (1967) 
Bedevina birileffi 190 0.30-0.32 Amio (1963) 
Thais clavigera 190 0.30-0.32 Amio (1963) 
Thais bronni 200 0.32-0.34 Amio (1963) 
Thais carinifera 200-220 0.4 Thorson (1940a) 
Morula marginalba 220 - Anderson (1967) 
Purpura patula 240 0.4 Lewis (1960) 
Chicoreus asianus 250 - Amio (1963) 
Rapana thomasiana 260 0.41 x 0.29 Amio (1963) 
Rapana bulbosa 280-320 0.42 Thorson  (1940a) 
Dicathais aegrota - 0.24 Phillips (1969) 
Thais deltoidea - 0.36 Lewis (1960) 
Thais bufo - 0.283-0.367 Natarajan (1957) 

(mostly 
0.334-0.367) 

Thais tissoti - 0.317 Natarajan (1957) 

" Hatching type not  given by author  
b Data  not  used in calculations 
c Species may utilize nurse eggs 
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Table 3. Prosobranch gastropods with hatching sizes in excess of 5 ram, shell length 

Species Shell length Location Author 
(ram) 

Melongenidae: 

Hemifusus ternatanus a 7-9 Japan Amio (1963) 
Syrinx aruanus 35 Australia Murray (1964) 

Volutidae: 

Melo melo 30 Japan Amio (1963) 
Cymbiola vespertilio 32 Malaya Berry (1968) 

Buccinidae : 

Sipho islandicus ~ 3.54.5 Arctic Thorson (1935) 
Colus stimpsoni a 5-8 North Atlantic West (1973) 
Troschelia berniciensis 8.75 Denmark Thorson (1940b) 
Neptunea cumingi 9 Japan Amio (1963) 
Neptunea antiqua ~ 6-12 Denmark Pearce and Thorson (1967) 
Beringius eyerdami 9-12 W. Canada Cowan (1964) 
Chrysodomus turtoni a 5-14 North Sea Thorson (1940b) 
Chrysodomus ossianus ~ 10-20 North Atlantic Thorson (1940b) 
Volutopsis norwegica 14-20 North Atlantic Thorson (1940b) 
Pyrulofusus deformis 17-18 Alaska Gonor (1964) 
Pyrulofusus harpa 19.5 Alaska Cowan (1965) 
Neptunea intersculpta" 25 Japan Amio (1963) 

a Nurse eggs observed 

have similar stress tolerances, then hatching sizes should differ (see Smith and 
Fretwell, 1974). 

Related species tend to have similar stress tolerances. When living in the 
same place they will face similar threats and therefore should have similar 
hatching sizes. Hatching size differences should correspond to habitat or micro- 
habitat differences. 

Muricids do hatch larger in some habitats than others. Snails living on 
coral reef flats (Murex incarnatus, M. rarnosus, M. torrefactus, and Favartia 
cellulosa; 1,1-1.9 mm) or in subtidal habitats (M. quadrifrons, M. angularis, 
M. senegalensis, Trophon clathratus, T. rnuricatus, and Torvarnurex territus: 
0.6-2.5 mm) generally hatch larger than those living on oyster reefs (U. cinerea, 
O. japonica, E. caudata: 0.9-1.5 mm) or on rocky intertidal surfaces (Thais 
lapillus, T. dubia, T. hippocastaneurn, T. lima, T. larnellosa, T. ernarginata, T. 
canaliculata, Bedeva hanleyi, Acanthina spirata, A. lapilloides, and Ocenebra eri- 
nacea; 0.6 1.3 mm, Tables 1 and 2). 

An exact hatching size cannot be predicted for some particular muricid 
when only its macrohabitat  is known. Each macrohabitat contains a whole 
range of microhabitats, and muricids that live in different microhabitats run 
somewhat different risks. Sufficient data are available to examine one microhabi- 
tat feature: shore level. 

Several muricids are typically found at higher shore levels and these often 
coexist with other species typically found at lower shore levels. The high shore 
is exposed longer and more frequently to air than the lower shore, and therefore 
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Table4. Relationships between egg size (X, mmx 100) and hatching shell length (Y, mmx 100) for 
various prosobranch taxa. Data of Fioroni (1966), Amino (1963), and Table 2. Neogastropoda, 
"Other", includes Buccinaeea, Volutacea, and Mitracea 

Taxon Relationship N r 2 MSE Fl.n 2 JT 

Archaeogastropoda Y=1.8150 X-3.9182 11 0.739 13.6184 25.5522 15.1818 
Mesogastropoda Y=2.1777 X-5.2662 36 0.825 69.8802 159.8174 16.3472 

Neogastropoda 
Muricidae Y=1.8021 X-3.5043 18 0.767 503.7323 52.7729 35.6667 
Conacea Y=2.0861 X-5.7606 15 0.907 108.6332 126.9793 25.8667 
Other Y=1.6514 X+6.1762 12 0.743 288.8136 28.8613 29.6667 
Total Y=1.8419 X+1.1589 45 0.803 295.3199 174.8331 30.8000 

All species Y= 1.9085 X-  1.4128 92 0.841 173.6537 475.6141 23.2772 

Analysis of covariance: 

Among Neogastropoda: MSE=316.9252 
Among Prosobranchia: MSE = 176.7122 

F2,39 =0.4918 
F2.86 =0.6523 

N= number of species; MSE = mean square error 

high shore species face a greater risk of death by dehydration or overheating. 
Low shore snails are submerged for long periods and during immersion are 
exposed to predators from the intertidal (such as hermit crabs) and from the 
adjacent subtidal. Hatchlings probably have substantially different chances to 
survive at the various tide levels, and I therefore expected to find a correlation 
between shore level and hatching size. 

Tide levels do correspond to hatching sizes for the muricids. Muricidae 
that dwell chiefly at upper shore levels (Thais emarginata, T. lima, T. canaliculata) 
all hatch at about 1.3 mm shell length, while ones that dwell lower (and usually 
the adjacent subtidal as well), hatch at about 1.0 mm (Urosalpinx cinerea, Eupleu- 
ra caudata, Ocenebra erinacea, Thais lapillus, T. lamellosa; Tables 1 and 2) 
with the exception of Acanthina spirata (0.67 ram) found on the shore below 
T. emarginata in Tomales Bay. 

If  hatching size is adjusted to the regime of stresses facing a species, then 
size should vary from locale to locale as the regime of stresses changes. Only 
a few examples of variations in hatching size have been documented. The opis- 
thobranch Brachystomia rissoides hatches smaller in more saline waters, and 
clutches of small hatchlings contain many more snails (Rasmussen, 1951). Newly 
hatched T. emarginata are larger at Friday Harbor, Washington (mean 1.39 mm) 
than at Tomales Bay, California (mean 1.19 mm, Spight, 1976; the latter size 
is used in Table 1 with LeBoeuFs (1971) estimate of the number of nurse 
eggs per embryo for Bodega Bay snails). 

4. Investment per Hatchling 

Fioroni (1966) and Amio (1963) have both shown, with non-overlapping sets 
of data, that shell-length at hatching is closely related to egg diameter for 
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Table 5. Relationships between logarithms of egg volume in mm 3 (X) and logarithms of hatching 
volume (K in mm 3) for various Muricidae (Tables 1 and 2) and for other Prosobranchia with 
nurse eggs (Table 39 of Fioroni, 1966). Other Muricidae are species that hatch as snails and 
do not use nurse eggs 

Group Relationship N r 2 MSE F~,n_ 2 )2 

Muricidae: 
With nurse eggs Y=0.7751 X+0.7433 14 0.54 0.0887 13.9355 -0.9011 
With veligers Y=1.1487 X+0.9646 10 0.89 0.0245 67.4251 -2.4039 
Other Y=0.4243 X+0.2998 8 0.26 0.1154 2.1367 -1.1287 
Total Y=I.1197 Y+l.0119 32 0.88 0.1022 230.8196 -1.4276 

Other Prosobranchia: 
With nurse eggs Y=1.2172 X+0.7590 10 0.96 0.0975 217.6178 0.0436 

Analysis of covariance : 
Among Muricidae: MSE=0.0751 F2,26=2.2867 P>0.10 
Among species with nurse eggs: MSE=0.0922 F1,20=3.8140 0.10>P>0.05 

N-number of species; MSE =mean square error 

a variety of species. Fioroni (1966) plotted data for 29 species. Amio (1963) 
found hatching length to be on average 1.733 times egg diameter for 40 species. 
Amio excluded species with egg sizes over 200 gm (to eliminate nurse-egg feeders) 
and included opisthobranchs in his calculations. Neither author determined 
the significance of his overall relationship or of possible differences among 
prosobranch taxa. 

To estimate an overall relationship (Table 4), I combined all of the data 
from these sources (again excluding nurse-egg feeders), and added the available 
data for the Muricidae (Tables 1 and 2). Variations in egg diameter account 
for 84% of the variations in hatching length among these 92 species (r2=0.84), 
and the overall slope (1.908) is similar to that obtained by Amio. Relationships 
for the major taxa differ slightly, but none of the differences is significant 
(Table 4, Analysis of Covariance). 

No consistent relationship between egg diameter and hatching size can be 
expected among species that utilize nurse eggs because some embryos consume 
only a few eggs, and others thousands (Table 39 of Fioroni, 1966). A size 
relationshi p for nurse egg feeders will, therefore, require another unit for the 
amount of egg material invested in each hatchling. Embryos feeding on a given 
volume of  yolk should attain the same size whether the yolk is in the form 
of nurse eggs or is contained in the embryo's own egg, and therefore yolk 
volume is an appropriate unit. 

To obtain a size relationship, logarithms of hatching volumes for the Muri- 
cidae of Table 1 and for nurse-egg feeders listed by Fioroni (1966) were regressed 
on logarithms of egg volumes. The data for the Muricidae span a fairly small 
range, and the egg volumes account for only 54% of the variation in hatching 
volumes (Table 5). Other prosobranchs that feed on nurse eggs form a much 
larger size range and the  calculated relationship is correspondingly less variable 
(Table 5). The two relationships are marginally different; on average, muricid 
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hatchlings are slightly larger than other prosobranch hatchlings with the same 
initial egg volume. 

Egg volumes were also calculated for Muricidae without nurse eggs. Over 
a range of 0.0062 mm 3 (Thais floridana) to 0.436 mm 3 (Murex quadrifrons), 
variations in egg volume per embryo account for 88% of the variations in 
hatchling volume (Table 5). Differences among muricid groups are not signifi- 
cant (Table 5). Therefore, a volume of yolk will yield the same volume of 
hatchlings, regardless of hatching type, embryonic feeding mechanism, or 
number of hatchlings. 

D. Discussion 

A hatchling's chances for survival usually increase rapidly as it grows. When 
a species produces many small offspring, most die in the immediate post-hatching 
and/or post-settling period, and mortality rates for older individuals are usually 
much lower. Such a size-specific mortality curve has been outlined roughly 
for Thais lamellosa, and numerous size-specific mortality factors have been 
identified. It is always an advantage to an individual to hatch as large as 
possible. 

The survival characteristics of offspring will limit fecundity options of parents. 
If chances for survival change at the same rate as cost per embryo for the 
parent, a given volume of yolk will yield the same number of offspring after 
the high-mortality, immediate posthatching period whether the parent initially 
produces many or few eggs. In this case, a parent can "choose" to emphasize 
number of offspring, individual quality, or some intermediate combination. 
However, other size-specific survival curves will have an optimum hatching size. 
Parents producing offspring of optimum size will have more surviving offspring 
at the end of the post-hatching period than will parents that produce larger or 
smaller offspring (Smith and Fretwell, 1974). The female with the most surviving 
offspring will be the most fit, and therefore fecundity will be determined by the 
size-specific survival characteristics of the offspring. 

Fecundity can be changed to allow a variety of strategies if the survival 
characteristics of the hatchling change readily. However, survival characteris- 
tics depend on the ecological relationships of hatchlings. Major changes in 
hatchling ecology are likely to be associated with major structural modifications, 
and these would be in turn recognized as taxonomic-level changes. Available 
hatching sizes are consistent with this proposition (Tables 1 and 2). Hatchlings 
of one genus are generally about the same size (within either the planktonic or 
benthic types). Size ranges are largest in genera which have large hatchlings 
(Table 3), and no hatchlings from these genera are small. Type of hatchling 
(swimming or crawling) is a major strategy option open to most species. How- 
ever, within each hatching type, hatching size is defined by the ecological role of 
the species. 

The relative importances of environmental stresses facing hatchlings are 
known only generally. Thais emarginata hatches larger (1.4 mm) than T. lamellosa 
(1.0 mm), and as a result most T. emarginata escape from a major predator 
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( t he  h e r m i t  c r a b ) .  H o w e v e r ,  T. lamellosa h a t c h e s  o n  t h e  l o w e r  s h o r e  a n d  s h o u l d  

b e  e x p o s e d  m u c h  m o r e  o f t e n  to  h e r m i t  c r a b s  t h a n  T. ernarginata will  be  o n  

t he  u p p e r  s h o r e .  T h e  a c t u a l  r i sk s  f r o m  p r e d a t i o n ,  d e h y d r a t i o n ,  a n d  o t h e r  env i -  

r o n m e n t a l  s t r e s ses  a t  t h e  t w o  s h o r e  levels  h a v e  ye t  to  b e  q u a n t i f i e d  su f f i c i en t l y  

to  e x p l a i n  w h y  T. lamellosa d o e s  n o t  h a t c h  l a r g e r  t h a n  it  does .  
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