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PREFACE 

Th is  species p r o f i l e  i s  one o f  a s e r i e s  on coas ta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial , o r  eco log i ca l  importance. The p r o f i  1 es 
are  designed t o  p rov ide  coas ta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t he  species and t o  descr ibe  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i  1 e has sec t ions  on taxonomy, 1 i f e  h i  s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h r e e - r i  ng b inde r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they  a r e  prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U. S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Service. 

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
the  f o l l o w i n g  addresses. 
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F igu re  1. Sand lance. 


SAND LANCE 


S c i e n t i f i c  name.. ............Ammodytes 

SPP. 

Preferred common name...........Sand 

lance (F igure  1) 

Other common names......... Sand eel ,  
sand launce, l a n t ,  lance, equi  1 le,  
n o r t h e r n  sand l a n c e  (A_. dubius), 
American sand lance (A, americanus) 

Class. ................... Osteichthyes 

Order..................... Perciformes 

Family. ................... Ammodytidae 


G e o g r a p h i c  range:  From n o r t h e r n  
Labrador  and Hudson Bay south t o  
Cape Hatteras (Bigelow and Schroeder 
1953; Richards e t  a l .  1963; Liem and 
Sco t t  1966) and from upper es tua r ies  
(Norcross e t  a l .  1961) t o  the  edge 
o f  t he  Cont inental  She l f  (Richards 
and Kendall  1973)(Figure 2). Th is  
genus i s  most  abundant,  however, 
a l o n g  t h e  i n n e r  h a l f  o f  t h e  
Cont inental  She l f  and i s  most 
commonly a s s o c i a t e d  w i t h  sandy 
s u b s t r a t e s  ( B i  gelow and Schroeder 
1953; Gross le in  and Azarovi t z  1982). 

MORPHOLOGY/IDENTIFICATION AIDS 

s p a t i a l  changes i n  t h e  genus Ammodytes 
f r o m  t h e  n o r t h w e s t  A t l a n t i c  and 
d i s t i n g u i s h e d  g r o u p s  w i t h  h i g h ,  
in t e r m e d i a t e ,  and  l o w  m e r i s t i c  
counts .  The in termedia te  group was 
s p l i t ,  and f i s h  w i t h  h i g h  t o  i n t e r -
m e d i a t e  counts  were named A, dubius 
and t h o s e  w i t h  l ow  t o  in termedia te  
c o u n t s  w e r e  named A_. h e x a p t e r u s  
(= A. americanus). The range o f  
m e r i s t i c  c h a r a c t e r i s t i c s  and over lao  
between species o f  t h i s  genus over 
wide geographic area were s i g n i f i c a n t  
(Table 1). As a r e s u l t  of t h i s  
v a r i a t i o n ,  sand lance i n  t h e  North 
A t l a n t i c  area o f f  t he  coast  of t he  
U. S. (Ammod t e s  spp. ) w i l l  be covered 
as a -li-'%- group i n  t h i s  p r o f i l e .com i n e  

The body o f  t h e  sand lance i s  
sma l l ,  e longate,  and slender. Body 
d e p t h  i s  un i fo rm from t h e  opercu lar  
reg ion  t o  t h e  beginning o f  t h e  anal 
f i n .  Body depth then begins t o  tape r  
towards t h e  caudal peduncle. The t a i l  
i s  fo rked.  The anal f i n  o r i g i n a t e s  
under  t h e  2 9 t h  o r  3 0 t h  d o r s a l  f i n  
r a y .  The l a t e r a l  l i n e  i s  s t r a i g h t .  
The mouth i s  t e rm ina l  w i t h  lower jaw 
p r o j e c t i n g  forward and no t e e t h  (Liem 
and S c o t t  1966). F i n  r a y  counts vary  
as i n  Table 1. 

M e r i s t i c  v a l u e s  o f  sand lance Color  o f  i n d i v i d u a l  f i s h  i s  v a r i -  
va ry  g r e a t l y  w i t h  l a t i t u d e  as w e l l  as a b l e .  The d o r s a l  s u r f a c e  can be 
w i t h  d is tance from shore a t  t h e  same o l i v e ,  brown, o r  b l u i s h  green. Lower 
l a t i t u d e  (Backus 1957; Richards e t  a l .  s i d e s  a r e  s i l v e r  w i t h  a d u l l  wh i te  
1963; Winters 1970; Sco t t  1972; v e n t r a l  region. Some i n d i v i d u a l s  have 
P e l l e g r i n i  1976). R ichards  e t  a l .  a s t e e l - b l u e  i r i d e s c e n t  l o n g i t u d i n a l  
(1963) demonstrated var ious  types o f  s t r i p e .  
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F igu re  2. D i s t r i b u t i o n  o f  sand lances a long t h e  Nor th  A t l a n t i c  coast. 



Table l. Meristic values of Northwest Atlantic species of Ammod~tes (adapted from Pellegrini 1979). 

Vertebrae Dorsal fin ra~s Anal fin ra~s 
No. in 

Species sample Range Mean Range Mean Range Mean 

Ammodytes hexapterus (Richards et al. 
East coast of North America 

1963) 1020 61-73 51-62 23-33 

A. hexapterus (Scott 1972) 
Newburyport, Massachusetts 

73 64-71 68.1 55-61 57.6 27-32 29.4 

A. americanus (Backus 1957) 
Labrador 

12 62-69 67.2 56-60 58.5 28-31 29.6 

A. americanus adults (Pellegrini 1976) 700 63-73 67.9 52-62 57.4 26-32 29.4 

A. americanus juveniles (Pellegrini 1976) 610 64-73 68.0 53-62 57.8 27-33 29.7 

A. dubius (Richards et al. 1963) 
East coast of North America 

65-78 56-68 27-35 

A. dubius (Leim and Scott 1966)- East coast of Canada 
71-75 62-68 30-35 

A. hexahterus (Winters 1970)
Offs ore Newfoundland 

70-78 60-69 30-37 

A. hexapterus (Winters 1970)- Inshore Newfoundland 
63-72 52-60 25-33 



Sand l a n c e  eggs, l a r v a e ,  and 
pos t1  arvae were descr ibed by Norcross 
e t  a l .  (1961), Wi l l iams e t  a l .  (1964). 
Richards (1965). and Smig ie l sk i  e t  a l .  
(1984). and can be d i s t i n g u i s h e d  f rom 
those o f  o the r  species on the  bas i s  o f  
morphol ogy. 

REASON FOR INCLUSION IN SERIES 

Sand lance a re  widespread a long 
t h e  n o r t h e a s t  c o a s t  o f  t h e  U.S. 
(Sherman e t  a l .  1981; Morse 1982). 
They are  abundant and a r e  an impor tan t  
p rey  species f o r  many p reda to ry  f i s h e s  
impor tan t  t o  commercial and 
r e c r e a t i o n a l  f i s h e r i e s  and a re  a1 so 
i m p o r t a n t  p r e y  f o r  mar ine  mammals. 
Sand lance occur i n  estuar ine,  open 
c o a s t a l ,  and o f f s h o r e  h a b i t a t s .  
Con t i guous  o v e r l a p p i n g  p o p u l a t i o n s  
p rov ide  l i nkages  between these h a b i t a t  
types and coas ta l  regions. 

LIFE HISTORY 

Spawni ng 

Sand l a n c e  mature d u r i n g  t h e i r  
f i r s t  o r  s e c o n d  y e a r  ( W e s t i n  e t  
a l .  1979). and males reach m a t u r i t y  
several  months be fo re  females ( S c o t t  
1968). Spawning occurs p r i n c i p a l l y  
f r o m  November t o  March (Bigelow and 
Schroeder 1953; Norcross e t  a l .  1961). 
Larva l  f i s h  survey data i n d i c a t e  t h a t  
spawning o c c u r s  p r i n c i p a l l y  inshore  
a l t h o u g h  e v i d e n c e  e x i s t s  o f  some 
o f f s h o r e  spawning a c t i v i t y  (Richards 
and Kendal l  1973; Sherman e t  a l .  1981; 
Sherman e t  a l .  1984). Sand lance l a y  
demersal eggs t h a t  a re  deposi ted on o r  
i n  sand  s u b s t r a t e s  o r  on g r a v e l  
sur faces (Ehrenbaum 1904; W i  11iams e t  
a l .  1964). Sand l a n c e  l a r v a e  a r e  
d i s t r i b u t e d  over a wide area o f  t h e  
s h e l f  i n  w i n t e r  (Sherman e t  a l .  1984). 

Fecundi ty  and Egqs 

Westin e t  a l .  (1979) showed t h a t  
sand l a n c e  i n  t h e  Merr imack R i v e r  
e x h i b i t e d  s i z e  s p e c i f i c  f e c u n d i t y .  

T h e  m o d e l  w h i c h  d e s c r i b e s  t h i s  
r e l a t i o n s h i p  i s :  f = 0.328 1 3-857 
where f i s  f e c u n d i t y  (number o f  eggs) 
and 1  i s  f o r k  l e n g t h  (cm). Est imates 
o f  w e i g h t  l o s s  d u r i n g  spawning o f  
females range f rom 30Z t o  45Z ( S c o t t  
1972; Westin e t  a l .  1979; Smig ie l sk i  
e t  a l .  1984). 

Sand lance eggs range i n  d iameter  
from 0.67 t o  1.03 mm and have a  s i n g l e  
b r i g h t  ye l l ow  o i l  g l obu le  (Wi l l iams e t  
a l .  1964; S m i g i e l s k i  e t  a l .  1984). 
Eggs hatch  f rom November t o  May when 
w a t e r  t e m p e r a t u r e s  drop below 9 OC 

(Wheatland 1956; Norcross e t  a l .  1961; 
R i c h a r d s  a n d  K e n d a l  1  1 9 7 3 ) .  
I n c u b a t i o n  t imes o f  eggs spawned i n  
t h e  l a b o r a t o r y  ranged f rom 30 days a t  
10 OC t o  82 days a t  2 OC (Smig ie l sk i  
e t  a l .  1984). 

Larvae 

Larvae a r e  approximately 3 t o  4 
mm i n  l e n g t h  a t  hatching. A f t e r  a 
p l a n k t o n i c  s t a g e  o f  2 t o  3 months 
(Gross le in  and Azarovi  t z  1982). du r i ng  
which they  grow t o  about 35 mm ( S c o t t  
1973a).  t h e y  become semidemersal .  
La rvae  r e a r e d  i n  c a p t i v i t y  a t  7 OC 

e x h i b i t e d  schoo l ing  behav ior  a t  a  s i z e  
o f  35 t o  40 mm 90 days a f t e r  hatching, 
and f i r s t  burrowed i n t o  t h e  sand a t  
133 days a f t e r  a t t a i n i n g  a  s i z e  o f  35 
t o  40 mm (Smig ie l sk i  e t  a l .  1984). 

Larvae a r e  most abundant o f f  t h e  
mouths o f  m a j o r  e s t u a r i e s  b u t  a r e  
common o u t  t o  t h e  e d g e  o f  t h e  
Cont inenta l  She1f (Norcross e t  a1. 
1961; Richards and Kendal l  1973). 
Major concent ra t ions  o f  l a r vae  have 
c o n s i s t e n t l y  occur red i n  t h e  Georges 
Bank and t h e  Nantucket Shoals t o  Long 
I s l a n d ,  New York, reg ions  s ince 1976 
(Sherman e t  a l .  1981; Morse 1982). 
N o r c r o s s  e t  a l .  (1961)  f o u n d  t h a t  
l a r v a e  increased i n  s i z e  i n  samples 
t a k e n  a l o n g  n e a r s h o r e  t o  o f f s h o r e  
t ransects ,  suggest ing t h a t  t h e  l a rvae  
may be a b l e  t o  u n d e r t a k e  d i r e c t e d  
m ig ra t i ons  away from t h e  shore. 



R i c h a r d s  (1976) r e p o r t e d  t h e  
occurrence o f  h e t e r o t y p i c  schools o f  
s a n d  l a n c e  a n d  h e r r i n g  ( C l u p e a  
harengus harengus)  post larvae.  The 
u b i q u i t y  o f  t h i s  behavior  i s  unknown. 
H e t e r o t y p i c  s c h o o l i n g  h a s  b e e n  
r e p o r t e d  i n  several  d i ve rse  species 
g roups  ( N u r s a l l  and P i n s e n t  1969; 
Ogden and E r l i c h  1977; F rank  and 
L e g g e t t  1983; A u s t e r  1984).  T h i s  
behavior  i s  be l i eved  t o  be an adapt ive  
response t o  predat ion :  increased 
school s i z e  reduces t h e  p r o b a b i l i t y  o f  
p reda t i on  on any i n d i v i d u a l .  

Sand lance l a rvae  feed d i u r n a l l y .  
The i r  d i e t  c o n s i s t s  o f  phytoplankton, 
in v e r t e b r a t e  e g g s ,  a n d  c o p e p o d  
n a u p l i i .  As t h e  f i s h  increases i n  
s i z e ,  p h y t o p l a n k t o n  s u c h  a s  
p e r i d i n i a n s  decrease i n  importance and 
copepod naupl i i increase. When 1 arvae 
become about 21 mm long, t h e i r  d i e t  
c o n s i s t s  m o s t l y  o f  a d u l t  copepods 
( C o v i l l  1959). 

Juven i les  and Adu l ts  

J u v e n i l e  and a d u l t  sand lance 
have g e n e r a l l y  been found i n  schools 
du r i ng  t h e  day. Meyer e t  a l .  (1979) 
observed s c h o o l  s i z e s  rang ing  f rom 
abou t  100 t o  t e n s  o f  thousands o f  
f i s h .  We have observed schools o f  
about 20 t o  100 i n d i v i d u a l s  a long t h e  
coast. Th is  observa t ion  i s  c o n s i s t e n t  
w i t h  t h o s e  r e p o r t e d  f o r  Hyperoplos 
lanceo la tus  and A, tobianus o f f  Europe 
by Kuhlmann and K-1967)~ who 
observed school s izes  o f  30 t o  300. 
I n  general, school s i z e  seems t o  be 
smal le r  i n  shoaler  water, i nc reas ing  
as w a t e r  dep th  increases. However, 
schools may occur a t  any depth i n  t h e  
water column (Meyer e t  a l .  1979). 

The shape o f  sand lance schools 
i s  general 1 y compressed v e r t i c a l  1 y and 
lengthwise. I n  shal low water, schools 
tend t o  be more compressed v e r t i c a l l y  
and longer  than i n  deeper water 
(Kuhlmann and Kars t  1967; Meyer e t  a l .  
1979). 

Sand l a n c e  a r e  g e n e r a l l y  found 
over sandy substrates.  Sand i s  used 
as a r e f u g e .  I n d i v i d u a l  f i s h  have 
been observed t o  burrow i n t o  t h e  sand 
and remain e i t h e r  p a r t l y  b u r i e d  ( w i t h  
e i t h e r  a n t e r i o r  o r  p o s t e r i o r  body 
p a r t s  exposed) o r  t o t a l l y  b u r i e d  a f t e r  
emerging h e a d f i r s t  and then backing up 
(Meyer e t  a l .  1979). European sand 
lance species a re  repo r ted  t o  school 
d i u r n a l l y  and seek r e f u g e  i n  sand 
subst ra tes  a t  n igh t .  Schools re form 
a t  dawn (Kuhlmann and Kars t  1967). 

Copepods a r e  t h e  major  p rey  o f  
j u v e n i l e  and a d u l t  sand lance (Reay 
1 9 7 0 ;  S c o t t  1 9 7 3 b ;  M e y e r  e t  
a l .  1979).  The i n c l u s i o n  o f  l e s s  
i m p o r t a n t  p r e y  i t e m s  s u c h  a s  
c r u s t a c e a n  1 arvae ( S c o t t  1973b) and 
chae togna ths  (Meyer e t  a l .  1979) i n  
t h e  sand lance d i e t  p robab ly  r e f l e c t s  
t h e  u t i  1  i z a t i o n  o f  l o c a l l y  abundant 
Prey 

GROWTH CHARACTERISTICS 

Reay (1970) repo r ted  t h a t  1- t o  
3 -yea r -o ld  f i s h  dominate sand lance 
popu la t ions  bu t  i n d i v i d u a l s  can l i v e  
t o  9 years o f  age and grow t o  a t o t a l  
l e n g t h  o f  3 7  cm ( S c o t t  1 9 6 8 ) .  
C o m p a r i s o n  o f  l e n g t h - a t - a g e  d a t a  
sugges ts  t h a t  growth r a t e  increases 
from t h e  New York B i g h t  t o  t h e  Nova 
Sco t i a  banks (Gross le i  n and Azarovi t z  
1982). 

Pel l e g r i n i  (1976) found t h a t  sand 
lance from t h e  Merrimack River ,  
Massachusetts, had a we ight - length  
re1  a t i o n s h i p  descr ibed by t h e  model : 

l o g  W (g) = -2.718 + 3.098 l o g  L (mm) 

T h i s  model agrees w i t h  weight- length 
r e l a t i o n s h i p s  found by S c o t t  (1972) 
f o r  sand l a n c e  on t h e  Newfoundland 
Grand Banks and Emerald Bank. 

G r o w t h  i s  f a s t e s t  d u r i n g  t h e  
f i r s t  y e a r  o f  l i f e  and s lows w i t h  
i nc reas ing  age. The Von B e r t a l a n f f y  
growth model f o r  sand lance from t h e  



Merr imack River,  generated from t h e  
Ford-Wal f o r d  re1 a t i onsh ip ,  i s  

T h i s  model i n c l u d e s  both  males and 
females because t h e i r  growth r a t e s  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  ( P e l l e g r i n i  
1976). 

FISHERY 

The use o f  sand l a n c e  i n  t h e  
U.S., l i m i t e d  t o  occasional use i n  t h e  
b a i  t f i s h  i n d u s t r y ,  h a s  n o t  been 
e x t e n s i v e .  Annual landings between 
1965 and 1973 ranged from 0 t o  75 
m e t r i c  tons (Gross le in  and Azarov i t z  
1982) .  H i s t o r i c a l l y ,  B i g e l o w  and 
Schroeder  ( 1  953) repor ted t h a t  more 
t h a n  30 m e t r i c  tons  (67,800 pounds) 
were landed i n  1919 and over 9 m e t r i c  
t o n s  (20,000 pounds) i n  1946, from 
t r a p s  i n  Massachuset ts .  N a t i o n a l  
Marine F i she r ies  Serv ice  survey data  
i n d i c a t e  t h a t  t h e  s a n d  l a n c e  
popu la t ion  i n  t h e  northwest A t l a n t i c  
i n c r e a s e d  g r e a t l y  a f t e r  1 9 7 4  
(Grossle in e t  a l .  1980; Sherman e t  a l .  
1981). No p l a n s  now e x i s t  f o r  t h e  
m a n a g e m e n t  o f  s a n d  l a n c e  i n  
U.S. waters o f  t he  northwest A t l a n t i c .  

ECOLOGICAL ROLE 

Sand l a n c e  a r e  a m a j o r  l i n k  
between z o o p l a n k t o n  p r o d u c t i o n  and 
f i s h e s  o f  c o m m e r i c i a l  impor tance.  
They have been found i n  t h e  stomachs 
o f  a w i d e  v a r i e t y  o f  s p e c i e s ,  
i n c l u d i n g  A t l a n t i c  cod, Gadus morhua; 
haddock, Melanogrammus a e g l e f i n u s ;  
s i l v e r  hake, Mer lucc ius  b i l i n e a r i s ;  
w h i t e  h a k e ,  U r o p h y c i s  t e n u i s ;  
y e 1  l o w t a i  1 f l o u n d e r ,  L i m a n d a  
f e r r u q i n e a ;  and l o n g h o r n  s c u l p i n ,  
Myoxocephal us octodecemspi nosus ( S c o t t  
1968.  1973b:  Bowman e t  a l .  1976;owm man and 1978). a re~ a n ~ t o n  They 
a l s o  i m p o r t a n t  p r e y  o f  wha les  and 
porpoi  ses (B ige l  ow and Schroeder 1953; 
O v e r h o l t z  and Nico las  1979; Hain e t  
a l .  1982). The importance o f  sand 
lance as prey o f  cod increases from 

s o u t h  t o  n o r t h  ( G r o s s l e i n  and 
Azarovi t z  1982). 

Although no s p e c i f i c  da ta  e x i s t  
on diseases o f  sand lance i n  t h e  North 
A t l a n t i c ,  o t h e r  s t u d i e s  i n  t h e  
l i t e r a t u r e  suggest t h a t  c e r t a i n  t rends 
have been d i s c e r n e d  i n  p o l l u t i o n -
r e l a t e d  d i s e a s e s .  Sand l a n c e  i n  
coasta l  waters o f  nor theastern  Un i ted  
Sta tes  a r e  associated w i t h  s u r f i c i a l  
s e d i m e n t s  t h r o u g h  t h e i r  b u r r o w i n g  
behavior. I n  f i s h e s  o t h e r  than sand 
l a n c e ,  f i n  n e c r o s i s  h a s  b e e n  
associated w i t h  h i g h  c o l  i f o r m  counts 
i n  c o a s t a l  w a t e r s  (Mahoney e t  
a l .  1973) and w i t h  h i g h  concent ra t ions  
o f  heavy metals i n  sediments (Carmody 
e t  a l .  1973). The frequency o f  s k i n  
tumors  i n  g e o g r a p h i c a l l y  separated 
p o p u l a t i o n s  o f  f l a t f i s h e s  has been 
c o r r e l a t e d  w i t h  environmental r a t h e r  
t h a n  w i t h  genet ic  f a c t o r s  ( S t i c h  e t  
a l .  1 9 7 6 ) .  T h e  r e l a t i o n s h i p s  
d iscerned i n  these s tud ies  may app ly  
t o  sand lance popu la t ions  as we l l .  

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Sand lance occur a long t h e  Nor th  
American c o a s t  f r o m  350N t o  690N. 
Temperatures w i t h i n  t h i s  l a t i t u d i n a l  
range vary  widely.  Dur ing t h e  t ime o f  
egg development, bottom water tempera- 
t u r e s  can be near 0 OC (Richards e t  
a l .  1963; Richards and Kendall  1973). 
Sco t t  (1968) repor ted t h a t  sand lance 
were taken from t h e  Nova Sco t ia  banks 
a t  temperatures rang ing from -2 t o  11 
OC,  b u t  t h e y  w e r e  mos t  abundant  
between 3 and 6 OC. No records o f  an 
upper  t e m p e r a t u r e  l i m i t  have been 
pub1 ished. Reay (1970) repor ted t h a t  
A, tobianus along t h e  south coast  o f  
England i s  a c t i v e  a t  temperatures as 
h i g h  as 18 OC. 

S a l i n i t y  

T o l e r a n c e  o f  f l u c t u a t i o n s  i n  
s a l i n i t y  a p p a r e n t l y  decreases w i t h  
i nc reas ing  age. Sand lance la rvae  



h a v e  been f o u n d  i n  w a t e r s  w i t h  
s a l i n i t i e s  l e s s  than 1.8 p p t  a l though 
o n l y  a small percentage were taken i n  
samples a t  s a l i n i t i e s  l e s s  than 30 p p t  
(Norcross e t  a l .  1961). Richards e t  
a l .  (1963) repor ted t h a t  sand lance 
j u v e n i l e s  a n d  a d u l t s  o c c u r  i n  
s a l i n i t i e s  rang ing from 26 t o  36 pp t .  

Hab i ta t  

Sand lance occur throughout t h e  
w a t e r  column o v e r  sandy subst ra tes  
i n t o  which they  burrow (Bigelow and 
Schroeder 1953; Reay 1970; Meyer e t  
a l .  1979). The sand lance burrows f o r  
r e s t  and escape from predators;  hence 
much t i m e  may be s p e n t  w i t h i n  t h e  
s u b s t r a t e ,  i s o l a t e d  f rom t h e  water 
co lumn.  R e l a t i v e l y  h i g h  b o t t o m  
c u r r e n t  v e l o c i t i e s  must t h e r e f o r e  be 
p r e s e n t  t o  main ta in  ae ra t i on  o f  t h e  
i n t e r s t i t i a l  water. The i n t e r a c t i o n  
o f  c u r r e n t  v e l o c i t y  w i t h  subs t ra te  
t y p e  i n  keep ing  i n t e r s t i t i a l  water 
oxygenated i s  more c r i t i c a l  i n  

d e f i n i n g  proper h a b i t a t  than i s  t h e  
range  o f  s u b s t r a t e  p a r t i c l e  s i z e s  
(Reay 1970). 

Other Environmental Factors 

European s tud ies  have repor ted on 
t h e  l i g h t - m e d i a t e d  d i e 1  c y c l e  o f  
a c t i v i t y  i n  o t h e r  sand lance species. 
D i r e c t  underwa te r  o b s e r v a t i o n s  b y  
Kuhlmann and Kars t  (1967) showed t h a t  
s a n d  l a n c e  (H. l a n c e o l a t u s  and 
A_. t o b i a n u s )  a r e  d i u r n a l  schoolers, 
r e s t i n g  i n  t h e  sand i n  g roups  a t  
n i g h t .  A t  dawn, schools re- form and 
begin feeding. I n  l a b o r a t o r y  s tud ies  
of & marinus, swimming a c t i v i t y  was 
h i g h  a t  l i g h t  l e v e l s  o f  1000 and 100 
l u x  b u t  was g r e a t l y  reduced a t  l e v e l s  
below 10 l u x  (Winslade 1974). I n  the  
same s tudy ,  i t  was found  t h a t  t h e  
th resho ld  l i g h t  i n t e n s i t y  f o r  swimming 
a c t i v i t y  i n  t h e  f i e l d  w a s  
approximately 100 lux, and t h a t  bu r ied  
sand l a n c e  may be a b l e  t o  d e t e c t  
l i g h t ,  v i a  t h e  p i n e a l  g land ,  t o  
respond t o  changes i n  l i g h t  i n t e n s i t y .  
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