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A FOSSIL FLEA BEETLE (COLEOPTERA: CHRYSOMELIDAE) 
FROM LAKE HULEH, ISRAEL

D a v i d  G . F u r t h

D e p a r t m e n t  o f  E n t o m o l o g y ,  F a c u l t y  o f  A g r i c u l t u r e ,  
H e b r e w  U n i v e r s i t y ,  R e h o v o t ,  I s r a e l

A B ST R A C T

Examination o f  Pleistocene insect fossil fragments from a 54 meter core at the site o f  the 
former Huleh Lake (Upper Jordan River Valley, Israel) revealed a metafemur o f  a flea beetle o f  the genus 
Longitarsus (Coleoptera: Chrysomelidae). The genus was determined using a new identification technique 
based on intergeneric morphological differences in the flea beetle internal jumping aparatus —  the 
metafemoral apodeme. After detailed comparison to many present-day species from the region, it is suggested 
that the fossil metafemur is attributable to Longitarsus pratensis (Panzer) because o f  similarities in color, 
size, and shape. This species is a Plantago feeder. There is paleoecological significance to this fossil beetle, 
even though it is rather recent (800 Y.B.P.), since it correlates with the peak o f  the pollen diagram for 
Plantago in this Huleh core in the park-like o f  oak-olive-pistachia. This habitat has been mostly eliminated 
in the modern day Huleh Valley due to more extensive human disturbances.

IN TR O D U C TIO N

I n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  a n  i n c r e a s i n g  a m o u n t  o f  
r e s e a r c h  i n  P l e i s t o c e n e  a n d  s o m e  t e r t i a r y  p a l e o e c o l o g y  u s i n g  
f r a g m e n t s  o f  f o s s i l  ( s u b f o s s i l ,  i . e .  a c t u a l  p i e c e s  o f  c h i t i n )  
i n s e c t s  a s  i n d i c a t o r s  o f  p a s t  e c o l o g y  a n d  c l i m a t e s .  T h e  m a j o r i t y  
o f  t h i s  t y p e  o f  p a l e o e c o l o g y  h a s  b e e n  d o n e  b y  G .  R u s s e l l  C o o p e  
( 1 9 6 7 ,  1 9 7 1 ) ,  h i s  a s s o c i a t e s  (A .  A s h w o r t h  et al. 1 9 7 2 ,

J . V .  M a t t h e w s ,  1 9 7 7  a n d  A .  M o r g a n ,  1 9 7 3 )  i n  t h e  B r i t i s h  I s l e s  
a n d  N o r t h  A m e r i c a .  T h e s e  s t u d i e s  h a v e  b e e n  d o n e  p r i m a r i l y  w i t h  
b e e t l e s  ( C o l e o p t e r a )  b e c a u s e  t h e  n a t u r e  o f  t h e i r  h a r d  b o d i e s ,  
e s p e c i a l l y  t h e  f o r e  w i n g s  ( e l y t r a ) ,  a l l o w  t h e i r  r e c o v e r y  f r o m  
s e d i m e n t e d  o r g a n i c  m a t e r i a l .  B e c a u s e t h e  e v o l u t i o n  o f  C o l e o p ­
t e r a  h a s  b e e n  s l o w  ( C o o p e ,  1 9 7 1 ,  M a t t h e w s .  1 9 7 7 ) ,  s p e c i e s  t h a t  
c a n  b e  r e c o v e r e d  a s  f o s s i l s  f r o m  P l e i s t o c e n e  d e p o s i t s  a r e  c o n -  
s p e c i f i c  w i t h  t h o s e  o f  m o d e m  t i m e s  a n d  c a n  o f t e n  b e  d e t e r m i n e d
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by s p e c i a l i s t s  t o  genus o r  even s p e c ie s .  I f  the e c o l o g i c a l  
param eters o f  such an ex ta n t s p e c ie s  are  known o r  can be 
d is c o v e r e d  then  one can re a so n a b ly  assume th a t  such p a ra ­
m eters and l im i t a t i o n s  a ls o  e x is t e d  f o r  th a t  s p e c ie s  in  
P le is t o c e n e  tim es at th e  s i t e  o f  a p a r t i c u l a r  d e p o s it  (C oop e , 
1 9 7 1 ). T h e r e fo r e ,  some b e e t l e s ,  e x p e c i a l l y  s t e n o t o p ic  sp e ­
c i e s ,  can be  q u ite  s e n s i t i v e  in d i c a t o r s  ( o f t e n  more so  than 
p o l le n  o r  p la n t  m a c r o fo s s i l s )  o f  p a s t  en v iron m en ts ; when 
t h e i r  f o s s i l  fragm ents can be  r e c o v e r e d  and i d e n t i f i e d .  Be­
ca u se  m ost b e e t l e s  are v e ry  m ob ile  t h e i r  d i s p e r s a l  and d i s ­
t r i b u t io n  resp on d s r a th e r  q u ic k ly  t o  changes in  th e  e n v ir o n ­
ment and thus d i f f e r e n c e s  from  t h e i r  p r e s e n t -d a y  b io g e o g ra p h y  
may be  r e v e a le d . P a l e o e c o lo g i c a l  in t e r p r e t a t io n s  are la r g e ly  
deduced  from  com parison  w ith  p r e s e n t -d a y  g e o g r a p h ic a l  ranges 
th a t  are l im it e d  by  th erm al c o n d it io n s  (C oop e , 1967 , 1 9 7 1 ).

G .R. Coope and h is  c o l le a g u e s  have determ in ed  hundreds 
o f  s p e c ie s  o f  C o le ó p te ra  from  fragm ents r e c o v e r e d  from  v a r io u s  
d e p o s i t s .  B ecause th e  d e te rm in a tio n  o f  gen era  and s p e c ie s  o f  
th e s e  b e e t l e  fragm ents i s  o f t e n  e x trem e ly  d i f f i c u l t  th e  a s s i s ­
ta n ce  o f  C o le ó p te r a  s p e c i a l i s t s  has u s u a l ly  been  r e q u ir e d .
Even f o r  s p e c i a l i s t s  th e  ta sk  o f  i d e n t i f y i n g  a s p e c ie s  from  
fragm ents i s  n o t an ea sy  on e . O ften  th e  m o r p h o lo g ic a l  d i s ­
t in g u is h in g  c h a r a c te r s  are on p a r ts  o f  th e  body  th a t  are r a r e ly  
r e c o v e r e d  from  d e p o s i t s ,  e . g .  an tennae, l e g  e x t r e m it ie s ,  e t c .  
H owever, i f  enough fragm ents o f  th e  h ead , th o ra x  (w ith  le g s  o r  
e l y t r a ) , and abdomen are r e c o v e r e d  th en  o f t e n  some d eterm in a ­
t i o n  i s  p o s s i b l e .  T h is  pap er co n ce rn s  a f o s s i l  in s e c t  fragm ent 
r e c o v e re d  from  th e  Huleh Lake ( I s r a e l ,  Upper Jordan  V a lle y )  
and i t s  im p l ic a t io n s .

The Huleh Lake and Swamps w ere a lm ost e n t i r e l y  d ra in ed  
from  1951-1956 (o n ly  a sm a ll p r e s e rv e  rem ains) ca u s in g  g re a t  
e c o l o g i c a l  changes in  t h is  r a th e r  un ique a q u a t ic  h a b ita t  
(F u rth , 1 9 7 7 ). The Lake was l o c a t e d  in  th e  n o r th e a s te r n  e x te n ­
s io n  o f  th e  Great R i f t  V a l le y  th a t  has se rv e d  as a b r id g e  f o r  
many t r o p i c a l  a f r i c a n  fa u n a l and f l o r a l  e lem en ts  th a t  e x i s t  in  
t h i s  b io g e o g r a p h ic a l  c r o s s r o a d s  o f  E u rope, A f r i c a  and A s ia  
(F u rth , 1 9 7 5 ). In  1963 a 54 m eter c o r e  was taken  at th e  s i t e  
o f  th e  form er Huleh Lake in  o r d e r  t o  d e c ip h e r  i t s  h i s t o r y  and 
developm en t. T h is  c o r e  has been  s tu d ie d  in  many p a l e o e c o l o g i c a l  
r e s p e c t s  (C o w g il l ,  1969, 1973; H u tch in son  and C o w g il l ,  1973; 
R acek , 1974; O lh o rs t  and H u tc h in s o n ,1977; and O lh o r s t ,  Shmida, 
and H u tch in son , in  p r e s s ) . The s tu d ie s  o f  t h i s  c o r e  have r e -
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F ig . 1 . L o n g itu d in a l  s e c t i o n  o f  th e  F le a  B e e t le  m etafem ur 
( a f t e r  B a rth , 1 9 5 4 ).

F ig . 2 . L o n g ita r su s  p r a t e n s i s  (P an zer). 2 a - f o s s i l  m eta- 
fem ora l apódeme from  a 54 m c o r e ,  Lake H uleh, 
I s r a e l ;  2 b -  th r e e  d im en sion a l s ch e m a tic  o f  the 
m eta fem ora l apódeme.

F ig . 3. L o n g ita r su s  n ig r o fa s c ia t u s  (G oeze) -  m eta fem ora l 
apódeme, Mt. Meron Septem ber 1 0 ,3 9 7 3 .
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v e a le d  many o f  th e  p a l e o e c o l o g l c a l  changes o f  th e  r e g io n  w ith  
some p o s s ib le  in t e r p r e t a t io n s  o f  human in f lu e n c e  t h e r e .  The 
a u th or  was asked t o  t r y  t o  d eterm in e  the in s e c t  fragm ents from  
t h is  c o r e .

The h in d  fem ur o f  a f l e a  b e e t l e  (C h rysom elid a e : A l t i c i -  
nae) was d is c o v e r e d  amongst th e  in s e c t  fragm ents o f  t h is  c o r e .  
T h is  i s  e s p e c ia l l y  in t e r e s t in g  b eca u se  i t  o f f e r e d  an o p p o r tu ­
n i t y  t o  t e s t  a new method f o r  th e  d e te rm in a tio n  o f  a l t i c i n e  
g en era  u s in g  th e  i n t e r - g e n e r i c  m o r p h o lo g ic a l  d i f f e r e n c e s  o f  
th e  s c l e r o t i z e d  apodeme w ith in  f l e a  b e e t l e  h in d  fem ora  (F u rth , 
in  p r e p a r a t io n ^ ) . F le a  b e e t l e s  are so  named f o r  t h e i r  a b i l i t y  
to  jump l ik e  tru e  f l e a s  (S ip h o n a p te r a ) . T h is  in te r n a l  apodeme 
o f  th e  m etafem ur s e r v e s  f o r  attachm ent o f  th e  p o w e r fu l h in d  
le g  m u scles th a t  en a b le  th e  b e e t l e  t o  s p r in g  in t o  th e  a i r .  The 
e x a c t  mechanism o f  t h i s  jum ping p r o c e s s  i s  n o t  a c c u r a te ly  un­
d e r s to o d  y e t  a lth ou gh  t h e o r ie s  have been  p re s e n te d  (B a rth , 
1954; F u rth , u n p u b lish ed  d a t a ) . The s i m i l a r i t i e s  and d i f f e r ­
en ces  o f  t h is  apodeme among a l t i c i n e  gen era  appears t o  b e  v e ry  
r e v e a lin g  e v o lu t i o n a r i ly  (F u rth , in  p r e p . ) .

DISCUSSION

Fragm ented in s e c t  m a te r ia l  from the Huleh Lake c o re  
(54  m) was r e c e iv e d  a f t e r  b e in g  se p a ra te d  in t o  1 dram v i a l s  
a c c o r d in g  t o  t h e i r  s t r a ta  ( i n  cms) in  th e  c o r e .  A f l e a  b e e t l e  
h in d  femur (d e p o s it e d  in  th e  Peabody Museum o f  N a tu ra l H is to r y  
a t Y a le  U n iv e r s ity )  was found in  c m l 0 8 - l l l  o f  th e  c o r e .  I t  was 
e a s i l y  r e c o g n iz e d  as such b eca u se  o f  i t s  sw o llen  form  and th e  
in t e r n a l  s c l e r o t i z e d  m etafem oral apodeme (F ig . 1) w hich  was 
v i s i b l e  th rough  th e  c h it in o u s  fem ora l w a l l  ( th e  apodeme i s  o f t e n  
v i s i b l e  even in  l i v i n g  s p e c im e n s ) . T h is  s u b f o s s i l  m etafem ur i s  
l i g h t  brown in  c o l o r  w ith  th e  in t e r n a l  apodeme d ark er brow n. 
W hile i t  seems p o s s ib le  th a t  t h i s  s u b f o s s i l 's  c o l o r  may have 
been  somewhat c le a r e d ,  s u b f o s s i l s  u s u a lly  r e t a in  t h e i r  c o l o r  
and are  o f t e n  d ark er (M atthew s, 1 9 7 7 ). Upon d i s s e c t io n  and 
rem oval o f  th e  f o s s i l  m eta fem ora l apodeme (F ig .  2 ) ,  i t  was 
com pared to  f ig u r e s  and specim ens o f  p re s e n t-d a y  I s r a e l i  a l t i c i n e

1. F urth , D avid G. The s i g n i f i c a n c e  and i n t e r - g e n e r i c  d i f f e r ­
en ces  o f  th e  f l e a  b e e t l e  jum ping mechanism (C o le ó p te r a : 
C h ry som e lid a e ). Subm itted  m a n u scrip t.
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apodemes (F u rth , in  p r e p .)  and i t  was co n c lu d e d  th a t  t h is  
s u b f o s s i l  b e lo n g e d  t o  th e  genus L o n g ita r s u s  (F ig .  3 ) .

A lth ou gh  th e re  are  no e x te r n a l  m o r p h o lo g ic a l  t r a i t s  
o f  th e  m etafem ur t o  determ in e  th e  s p e c i f i c  rank w ith in  
L o n g i ta r s u s , i t  seems re a so n a b le  t o  attem pt to narrow  th e  
p o s s i b le  s p e c ie s  th a t  f i t  th e  c r i t e r i a  o f  s i z e ,  shape 
c o l o r ,  e t c .  o f  th e  s u b f o s s i l  sp ecim en . Thus, such an a t ­
tempt has been  made u s in g  cu rre n t  k now ledge o f  I s r a e l  L o n g i­
ta r s u s  (F u rth , u n p u b lish ed  da ta ) and com p a ra tiv e  m easure­
ments o f  th e  m etafem ur ( le n g th  o f  fem ur, le n g th  o f  apodem e, 
h e ig h t  o f  fem ur, r a t i o  o f  fe m o ra l le n g th  t o  h e ig h t )  o f  most 
o f  th e  known L o n g ita r su s  in  th e  M idd le  E a s t . The s u b f o s s i l  
m easures .7 4  mm fem ora l le n g th  ( L f ) , .3 8  mm fe m o ra l h e ig h t  
(d o r s a l  t o  v e n t r a l  ed g es ) (H f) , .35  mmapodeme le n g th  (L a ) .
I t s  m eta fem ora l shape ( l a t e r a l  v iew ) i s  r a th e r  s h o r t  and 
f a t  w ith  a con vex  v e n t r a l  b o r d e r  g iv in g  a sw o lle n  a p p earan ce .

B ecause th e  h o s t  p la n t  e c o lo g y  o f  each  a l t i c i n e  genus 
i s  u s u a l ly  r e s t r i c t e d  to  a few  p la n t  f a m i l i e s ,  some i n f o r ­
m ation  about form er v e g e t a t io n  may b e  i n f e r r e d .  A lth ou gh  most 
p r e s e n t -d a y  L o n g ita r su s  in  th e  Huleh V a l le y  r e g io n  fe e d  on 
L a b ia ta e  and B o ra g in a ce a e , a few e a t  p la n ts  in  s e v e r a l  o th e r  
f a m i l i e s :  S c r o p h u la r ia c e a e ; P la n ta g in a c e a e ; C o n v o lv u la c e a e ; 
and C om positae . T h e r e fo r e ,  n arrow in g  th e  p o s s i b le  s p e c ie s  
i d e n t i t y  o f  th e  f o s s i l  w ou ld  be  even  more r e v e a l in g  p a le o e c o -  
l o g i c a l l y .

The a b ov e -m en tion ed  re a so n a b le  assum ption  th a t  th e  sub­
f o s s i l  has r e ta in e d  i t s  app roxim ate  c o l o r ,  l i g h t  brown or 
y e l lo w , red u ces  th e  p o s s i b i l i t i e s  s in c e  L o n g ita r s u s  may be 
g e n e r a lly  d iv id e d  in t o  l i g h t  and dark s p e c ie s .  Many o f  th e  
l i g h t  s p e c ie s  are  L a b ia ta e  fe e d e r s .  By c o n s id e r in g  a ls o  the 
com p a ra tiv e  fem ora l measurements ( L f ,  H f, La) and th e  shape 
( in c lu d in g  L f /H f ) , most o f  th e  rem ain in g  l i g h t  s p e c ie s  can b e  
e l im in a te d . The S cro p h u la r ia ce a e  and C o n v o lv u la cea e  fe e d e r s  
are t o o  la r g e .  There are  8 s p e c ie s  th a t  are  s im i la r  t o  th e  
f o s s i l ,  how ever, d e t a i l e d  ex a m in a tion  o f  s i z e  and shape e l i ­
m inate a l l  bu t tw o. One o f  th e s e  i s  L . l g c o p i  (F ou d ras) known 
from  th e  p r e s e n t -d a y  Huleh N ature P re s e rv e  fe e d in g  on Mentha 
and L gcop u s. A r e c e n t ly  c o l l e c t e d  specim en  o f  l g c o p i  m easured 
L f = .75  mm, Hf = .3 5 , La = 35 . H ow ever, v e ry  c l o s e  com parison  
o f  t h i s  s p e c ie s  w ith  th e  f o s s i l  r e v e a ls  a s i g n i f i c a n t  d i f f e r ­
en ce  o f  shape in  l a t e r a l  v ie w . The f o s s i l  i s  a p p a re n tly  w id e r
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in  th e  m id d le , t h is  i s  a ls o  r e v e a le d  by  th e  L f /H f  r a t i o  
(u s u a l ly  co n sta n t w ith in  each  s p e c i e s ) . The rem ain in g  
s p e c ie s  i s  c o n s p e c i f i c  w ith  th e  s u b f o s s i l .  T h is  i s  L o n g i-  
ta r s u s  p r a t e n s i s  (P an zer) w hich  fe e d s  on P la n t a g o . T h is  
b e e t l e  was o r i g i n a l l y  known from  th e  C e n tra l C o a s ta l P la in  
o f  I s r a e l  (S a h lb e rg , 1913) and r e c e n t ly  d is c o v e r e d  in  
H urshat T a l N a tio n a l Park in  th e  Upper G a l i l e e .  H urshat T a l 
was a r e l i g i o u s  Moslem cem etery  th a t  now p r e s e r v e s  th e  
o ld e s t  oaks (Q uercus i th a b u r e n s is  D e cn e .) in  th e  r e g io n  as 
w e l l  as P i s t a c ia  a t l a n t i c a  D e s f .  T h is  Park has p ro b a b ly  
been  d is tu r b e d  r e l a t i v e l y  l i t t l e  by human d ev elop m en t, f o r  
more than a thousand y e a r s ,  in  com parison  t o  most n a tu r a l  
v e g e t a t io n  in  th e  su rrou n d in g  Huleh V a l le y . Hurshat T a l i s  
n ea r  th e  edge o f  th e  form er Huleh Lake and Swamps. F u rth er 
s e a r c h in g  may r e v e a l  L . p r a t e n s i s  in  th e  p re s e n t -d a y  Huleh 
N ature P r e s e r v e .

A lth ou gh  t h is  f o s s i l  i s  r a th e r  r e c e n t  (6 0 0 -8 0 0  YBP) , 
i t s  p re s e n ce  in  th e  most r e c e n t  p e r io d  o f th e  Huleh c o r e  
c o r r e la t e s  w ith  th e  p a ly n o lo g y  o f  the c o r e  (M. Tsukada, 
u n p u b lish ed  d a t a ) . T ra ce s  o f  P la n ta g o  p o l le n  are  e v id e n t  
th rou gh ou t most o f  th e  c o r e  bu t th e  h ig h e s t  c o n c e n tr a t io n  
i s  d u rin g  th e  p a st 2500 y e a rs  (u pp er 5 n e t e r s ) .  T h is  may a ls o  
c o r r e la t e  w ith  the h e a v ie s t  d is tu r b a n c e  from  humans in  th e  
Huleh V a l le y .  P la n ta g o  i s  known to  t h r iv e  in a reas o f  human 
d is tu r b a n c e . P o s s ib ly  a more re ce n t  f a c t o r ,  e .g .  a g r i c u l t u r e ,  
has caused  i t s  d e c l in e  a lo n g  w ith  L. p r a t e n s i s , in  th e  Huleh 
V a l le y .  T h is  most r e c e n t  p e r io d  o f  th e  c o r e  i s  c o n s id e r e d  to  
be  a p a r k - l ik e  f o r e s t  o f  o a k - o l i v e - p i s t a c i o  a s s o c ia t io n  
(Tsukada, u n p u b lish ed  d a t a ) . Most o f  th e  p r e s e n t -d a y  Huleh 
V a lle y  i s  d e v o id  o f  such an a s s o c ia t io n  due to  e x te n s iv e  
human developm ent and a g r ic u l t u r e .  I t  i s  a p p rox im a te ly  t h i s  
ty p e  o f  a s s o c ia t io n  th a t e x i s t s  tod a y , in .t h e  su rrou n d in g s  
o f  the H urshat T a l Park w here L. p r a t e n s i s  has been  r e c e n t ly  
found on P la n ta g o  la n c e o la t a  L . . T h e r e fo r e , we can assume 
th a t  at th e  tim e o f  th e  f o s s i l  th e  a rea  was somewhat s im ila r  
t o  the modern H urshat T a l a rea  p ro b a b ly  w ith  more o l i v e  and 
p is t a c h ia  and l e s s  d is tu r b a n c e  from  humans.
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CONCLUSIONS

The use o f  a new method o f  i d e n t i f y i n g  gen era  o f  f l e a  
b e e t l e s  w ith  th e  in t e r n a l  s c l e r o t i z e d  m eta fem ora l apodeme, 
t o g e th e r  w ith  m easurements o f  s i z e  and sh ape, has p e rm itte d  
th e  d e te rm in a tio n  o f  a s u b f o s s i l  from  th e  form er Huleh Lake 
r e g io n .  T h is  f o s s i l  h in d  femur i s  o f  L o n g ita r s u s  p r a t e n s i s  
w h ich  i s  a P la n ta g o - f e e d in g  f l e a  b e e t l e .  I t  was r e c o v e r e d  
from  the upper l e v e l  o f  a 54 m eter c o r e  from  th e  Huleh r e ­
v e a l in g  th e  p re s e n ce  o f  P la n ta g o  in  th e  p a r k - l ik e  f o r e s t  o f  
o a k - o l i v e - p i s t a c h i o  a s s o c ia t io n  o f  th a t  tim e (6 0 0 -8 0 0  Y B P). 
T h is  c o r r e la t e s  w ith  th e  peak f o r  P la n ta g o  in  th e  p o l l e n  
diagram  o f  th e  c o r e .  The r e g io n  o f  th e  c o r e  th en  was appar­
e n t ly  s im i la r  t o  such a v e g e t a t io n a l  a s s o c ia t i o n  e x is t in g  
tod a y  in  th e  Upper G a l i le e  o f  I s r a e l .  B ecause a l t i c i n e s  are 
v e ry  w id e sp re a d , l i v i n g  in  a v a r ie t y  o f  h a b i t a t s ,  and each  
genus r e s t r i c t e d  t o  a few  p la n t  f a m i l i e s ;  th e y  may a ls o  
p rov e  t o  be  u s e fu l  p a l e o e c o l o g i c a l  i n d i c a t o r s ,  e . g .  Morgan, 
1973. A lth ou gh  t h i s  s u b f o s s i l  i s  q u it e  r e c e n t  and demons­
t r a t e s  no m ajor en v iron m en ta l ch a n g es , i t  does in d ic a t e  some 
sm a lle r  e c o l o g i c a l  ch an ges. I t  a l s o  p r e s e n ts  an exam ple o f  
th e  u s e fu ln e s s  o f  em ploy in g  r a th e r  rem ote m o r p h o lo g ic a l 
c h a r a c te r s  f o r  d e te rm in a tio n  o f  fragm ented  in s e c t s  as p a le o ­
e c o l o g i c a l  i n d i c a t o r s .
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