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which correspond to those of newts living in sympatry 
with T. sirtalis in the south. 

According to Dr. Norma Kirby (pers. comm.), T. sirta­
lis and T. elegans have been sighted in the Lakelse and On-
ion Lake area, but their distribution range ends halfway be-
tween Terrace and Prince Rupert, BC. Garter snakes have 
never been recorded from the Prince Rupert area, includ-
ing Diana Lake. The high TTX-levels detected in newts 
from the Juneau population may indicate that predators 
other than snakes may trigger toxin-variance, but may also 
lend support to the assumption that exogenous factors in-
fluence toxin-levels. 

In this respect, the still-debated question of the toxin’s 
biogenetic origin is of interest (Hanifin et al. 2008, Hani-
fin 2010). In marine animals, such as in puffer fish, TTX 
is supposed to either be produced by bacterial endosym
bionts or be sequestered through the food chain (Noguchi 
et al. 2006, Noguchi & Arakawa 2008, Itoi et al. 2015). 
However, no evidence of a bacterial source has been found 
in newts thus far, as has been investigated in T. granulosa 
(Cardall et al. 2004, Lehman et al. 2004). On the oth-
er hand, when raised on an artificial, toxin-free diet, long-
term captiv-kept T. granulosa showed increased TTX-lev-
els (Hanifin et al. 2002). Cardall et al. (2004) noted a 
rapid regeneration of the toxin in the skin following the 
electrically stimulated release of substantial amounts of 
TTX. These observations led to the conclusion that TTX 
is of endogenous origin, synthesised along still-unknown 
metabolic pathways. 

Juveniles of T. granulosa from the Juneau population 
either contained marginal concentrations of TTX (3 of 5 
specimens, Fig. 5) or the toxin was not detectable (2 speci-
mens). This may indicate that TTX-levels slowly increase 
during early life stages. From experiments using adult and 

Figure 4. Taricha granulosa from Juneau, AK, male (top), female 
(centre), and juvenile (below) from the Onion Lake, south of Ter-
race (BC).

Figure 5. Concentrations of TTX in newts from different collec-
tion sites (adults from Juneau “JUN, ad.” and juveniles “JUN, juv.”, 
Revillagigedo Island “REV.”, British Columbia Diana Lake “BC, 
DL”, Lakelse Lake “BC, LL”, and Onion Lake “BC, OL”) expressed 
in µg per g body weight are given as box plots (A), and as total 
µg per newt (B). Note the different y-axis scale of TTX amounts 
in adult newts from Juneau, which were much higher than in 
the other samples. Body weights (g) of the newts are shown as 
box-plots (C). 
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