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Stress distribution and m orphological specializations in the feeding 
apparatus o f a seahorse (Syngnathidae: Hippocam pus reidi)
The fam ily Syngnath idae (Gasteroste iform es) encom passes the pipefishes 
and seahorses. Syngnathid fishes are characterized by an elongated snout 
w ith  sm all te rm ina l jaw s. They are ex trem e ly  fast suction  feeders, w ith  a 
feeding strike characterized by a rapid neurocranial elevation accom panied 
by an equally rapid retraction of the hyoid. This results in prey capture times 
of even less than 6 ms. However, the long, tubular snout with small diameter 
a lso  has its d is a d v a n ta g e s , in c lu d in g  a lim ita tio n  on p rey  s ize  and an 
increase  in the  m om ent of ine rtia  o f the head during  dorso -ro ta tion . Our 
lo n g te rm  g o a l is to  in v e s t ig a te  th e  d e g re e  to  w h ic h  th e  e x tre m e  
morphological specialization of the feeding system in syngnathids constrains 
its functional versatility. One of the lim itations that the feeding apparatus may 
e x p e r ie n c e  is th a t o f m e c h a n ic a l o v e r lo a d in g  d u r in g  th e  e x tre m e  
accelerations of skeletal elem ents and the production of high suction forces. 
S ince expansion of the buccal cavity generates a large negative pressure, 
this implies that a great amount of mechanical force is exerted onto the head. 
We com pleted a fin ite e lem ent analysis of the skull of Hippocam pus re id i to 
determ ine where stress accum ulates under the strong pressure generated 
during suction feeding. We hypothesized that structural adaptations would be 
presen t in reg ions of high load ing , in o rde r to d iss ipa te  stress and avoid 
ske le ta l dam age. A thorough h is to log ica l and m orpho log ica l study of the 
regions and bones that are experiencing the largest mechanical stress during 
suction feeding, allowed us to test this hypothesis.
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S oft dynam ics  —  ground reaction forces in a craw ling caterpillar
Most terrestrial soft bodied anim als move by pressing against the substrate 
in c a re fu lly  co n tro lle d  se qu e n ces . H ow eve r, le p id o p te ra n  la rva e  have 
w ell-developed limbs (the prolegs) that can be used for clim bing in com plex 
branched structures and on a va rie ty  of surfaces. The tobacco hornworm , 
M a n d u ca  s e x ta  is th e re fo re  an e x c e lle n t a n im a l to  s tu d y  how  lim bed  
locom otion in soft-bodied anim als com pares to that of legged anim als with 
rigid skeletons. In this study, we devised a method to m easure the ground 
reaction fo rces (GRFs) in fifth  instar M anduca at all contact poin ts during 
c raw ling . A m u lti-senso r a rray  w as built to m atch the step patte rn  of the 
c a te rp illa r  and to  m easu re  the  GRF e xerted  by each  p ro leg  w ith  <mN 
accuracy. By tracking ind ividual proleg m ovem ents a GRF profile  could be 
determ ined for each segm ent. During horizonta l craw ling d iffe rent prolegs 
w ere  found to  have the ir own ch a ra c te ris tic  ground con tac t patte rn  w ith  
s tereotypic crochet protraction. Rem arkably, the crochets re lease the ir grip 
with negligible upward force. S im ultaneous m easurem ent of all proleg GRFs 
normal to the d irection of travel revealed a rhythm ic red is tribu tion  of body 
weight corresponding to the ground thrust during stepping. The work done by 
d ifferent prolegs could be estim ated by fo llow ing the moving center of mass 
and, by in teg ra ting  the  GRF data , we w ere  ab le  to  deduce  the e ffec tive  
momentum during various phases of locomotion. Similarly, from GRF loading 
rates, we obta ined invaluable inform ation  about force propagation. These 
find ings could help to understand how  soft-bodied anim als explo it internal 
dynamics to exert forces on their environment.
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Rapid Quantification o f  the Bactericidal Capacity o f Avian Plasma
E co log ical im m unology is an em erg ing  fie ld  of b io logy, but p rogress has 
been slowed due to the availability of techniques. Bactericidal assays, which 
measure the capacity of blood and/or plasma samples to kill m icroorganisms, 
have been used extensively in the past several years because only a single, 
small sam ple  of blood and m inim al equ ipm ent is required to perfo rm  the 
assay. Our goal in the present study was to im prove current techniques by 
reducing the am ount of processing tim e, necessary b lood/p lasm a vo lum e, 
and  th e  need  to  c u ltu re  te s t s a m p le s  o v e rn ig h t th ro u g h  th e  use  of 
spectropho tom etry (using a Nanodrop). P re lim inary data  ind ica te  that the 
bactericidal capacity of house sparrow  (P asser domesticus) plasm a against 
E. c o li using  our app roach  is co m pa ra b le  to c u rren t m ethods. O ngo ing  
s tu d ie s  are  i) v a lid a tin g  th is  a pp roach  fo r o th e r m ic ro o rg a n ism s  (e .g ., 
gram -positive bacteria and fungi), ii) com paring whole blood versus plasma 
ca pa c ity , iii) a ssess ing  re p e a ta b ility , and iv) asce rta in ing  the  e ffe c ts  of 
long-term storage on sample viability.
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ELECTROM AGNETIC FIELDS PROM OTE REGENERATION FOLLOW ING  
INJURY: INDUCTION O F INCREASED hsp70 LEVELS AND BINDING OF  
INJURY-SPSECIFIC  FACTORS IN  THE M A PK  CASCADE
Electrom agnetic fie lds (EMFs) are used m edica lly to prom ote tissue repair, 
but the m olecular pathways by w hich th is occurs are only beginning to be 
understood. EMFs are known to up-regu la te  the heat shock gene HSP70 
and to  induce e levated leve ls of hsp70 prote in . The ac tiva tion  of HSP70 
occurs through the binding of heat shock facto r 1 (HSF 1) to a heat shock 
e lem ent (HSE) in the  region of the  HSP70 p rom o te r tha t con ta ins  th ree  
nCTCTn consensus sequences. These  sequences are d is tin c t from  the 
sequences invo lved in therm al response and do not respond to e levated 
temperature. In this set of experim ents Planaria were transected equidistant 
be tw een  the  head and the  ta il. In d iv id u a l head and ta il p o rtio n s  w ere  
exposed to a 60 Hertz 80 m illiGauss EMF for one hour, 2x a day for 15 days 
post-transection. The regenerating heads and tails w ere photographed and 
lengths w ere  m easured at 3 -day in te rva ls . In som e e xpe rim ents  prote in  
lysates w ere analyzed for hsp70 levels, doub ly phosphoryla ted  (pp)-ERK, 
Elk-1 kinase ac tiv ity , and SR F-SR E b ind ing , using e ithe r W estern  b lo t or 
EMSA. During the initial 3 days post-transection , EMF exposure caused a 
sign ificant increase in regeneration for both heads and ta ils -  m ore so for 
tails. Concurrently, EM F-exposed heads and ta ils exhib ited an elevation in 
the level of hsp70 protein, activation of an ERK cascade and an increase in 
SRF-SRE bind ing. O ur results ind icate that a w ell-de fined  EMF prom otes 
regeneration in Planaria accompanied by an increase in hsp70 levels and the 
activation of kinases and transcrip tion  factors that are typ ica lly  associa ted 
w ith  repa ir m echan ism s. These  find ings p rov ide  ins igh t in to  the c lin ica l 
application of EMFs. Support provided by the Robert I. Goodman Fund.
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