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ABSTRACT 

I sought to determine if brown tree snakes (Boiga 

irregularis) raised in captivity showed annual and/or 

subsidiary growth marks corresponding to feeding or shedding 

events. I injected 25 brown tree snakes with a fluorescent 

bone marker (calcein or alizarin red) and raised them for 

one year under constant conditions. Growth marks beyond the 

fluorescent marker were correlated with shedding events but 

not with years or feeding events. Shedding events have not 

previously been identified as a correlate of growth marks in 

bone. I do not know if the correlation occurs in other 

species, as growth cycles have not previously been studied 

in tropical snakes. The correlation between growth marks 

and shedding events may allow the study of ecdysis in free-

ranging snakes, and shedding events may be the cause of the 

secondary growth marks found in many reptiles. 
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The native range of the brown tree snake, Boiga 

irregularis, includes Papua New Guinea, the Solomon Islands, 

parts of Indonesia and the northern and eastern coasts of 

Australia (McCoy 1980, Cogger 1983, Parker 1983). This 

species was unintentionally introduced to Guam, probably 

from a cargo ship shortly after World War II (Savidge 1987, 

Rodda et al. 1992). Since this introduction, brown tree 

snakes have become a pest on Guam where they have neither 

predators nor competitors (Fritts 1988). Brown tree snakes 

often climb the guy wires of power poles to get to geckos 

and roosting birds; in the process, they have caused over 

700 power outages, many affecting the entire island (Fritts 

et al. 1987). Boiga irregularis is a rear-fanged colubrid 

with mildly poisonous venom. At least four children on Guam 

have suffered life-threatening responses to brown tree snake 

bites (Fritts et al. 1990). Brown tree snakes eat small 

domestic pets and cause economic losses to poultry farmers 

by eating eggs and chicks (Fritts and McCoid 1992). Perhaps 

the greatest biological impact of the brown tree snake on 

Guam has been the extirpation of Guam's avifauna (Engbring 

and Fritts 1988). Native birds have no evolved defense 

mechanisms against ophidian predators and are easy prey for 

brown tree snakes. Other forest vertebrates such as fruit 
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bats and lizards have also declined in numbers, presumably 

because of brown tree snake predation (Wiles 1987, Rodda and 

Fritts 1992) . 

Ongoing research on the biology of Boiga irregularis is 

aimed at controlling the species. A potential application 

of my study might be to define the age structure of Boiga 

irregularis. Understanding the age structure might help 

identify ecological limiting factors for specific segments 

of the population. For example, significant differences in 

the age structures of 2 populations of snakes might indicate 

a source of mortality in one population which could be used 

to control the other population. Knowledge about age 

structure might also help define other life history 

characteristics such as the age of most active dispersal, if 

dispersal is age dependent. Elucidating the age structure 

requires a method for estimating individual age accurately. 

Most authors assume that amphibians and reptiles grow 

indeterminately, and that age and size are therefore 

strongly correlated (Duellman and Trueb 1985). However, 

Halliday and Verrell (1988) conclude from a review of the 

literature that age and size in adult amphibians and 

reptiles are only weakly correlated, thus age cannot be 

estimated from size. Alternative methods of estimating the 

age of reptiles are mark-recapture, extrapolation from size-
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frequency data, and skeletochronology (Halliday and Verrell 

1988). 

The first method, which consists of marking an 

individual at birth and successively recapturing it for as 

long as possible, undoubtedly yields the most accurate 

results. Unfortunately, this method is labor intensive, 

yields few data, and is almost never used. In the second 

method, age classes are assigned to the size frequency 

distribution according to discontinuities. Halliday and 

Verrell (1988) reject this method because "it assumes what 

it sets out to demonstrate, that age and size are 

statistically related." 

The third method, skeletochronology, is applied 

successfully in selective taxa of fish, amphibians, 

reptiles, and mammals. The underlying theory of 

skeletochronology is that animals exhibit cycles of 

alternating slow and fast growth that cause growth marks to 

form in certain hard tissues. In fish, for instance, age is 

commonly estimated by examining growth rings on scales 

(Carlander 1987). Growth marks also occur on otoliths, 

vertebrae, fin rays and certain skull bones. 

In birds, several authors have suggested that layers in 

bones may indicate age (Van Soest and Van Utrecht 1971, 

Klevezal et al. 1972). However, in a study of foot and wing 

bones of Canada geese, Nelson and Bookhout (1980) examined 



periosteal adhesion lines and concluded they were too 

variable for an accurate age estimate. 

In mammals, the layers formed on tooth cementum 

generally indicate age. In addition, annual growth marks 

are present on the primary cortical area of certain bones, 

especially the mandible (Klevezal and Kleinenberg 1967). 

In temperate reptiles and amphibians, examination of 

cross sections of phalanges or other cylindrical bones often 

reveals growth marks that are generally annual. However, 

with the exception of Zug and Rand (1987), little work has 

been done on the periodicity of growth marks in tropical 

reptiles. 

The periodicity of growth marks must be verified because 

of the potential influence of endogenous cycles, genetic 

predisposition and environmental factors on the cycle of 

growth. Problems often encountered in skeletochronology 

include overestimation of the number of annual marks due to 

"false" lines, doubled lines or birth lines (Castanet and 

Naulleau 1985). In addition, permanently arrested bone 

growth in senescent adults, bone remodeling and bone 

resorption can distort the pattern of the growth marks. 

These difficulties are exacerbated in snakes due to the 

absence of cylindrical bones. Castanet and Naulleau (1985), 

in their study of Vipera aspis bones, found that the 

posterior, flat projection of the mandible (the coronoid 



12 

process) is the most suitable bone for counting growth 

marks. In an independent study, I verified this conclusion 

for brown tree snakes (Collins unpub. data). 

For skeletochronology to be useful for estimating age, 

the one growth mark per year hypothesis must be confirmed. 

In the absence of known-age animals, fluorescent dyes can be 

injected to mark time. Animals are measured, injected with 

one of several kinds of marking chemicals, and then allowed 

to survive for a minimum of one year, at which time they are 

sacrificed and the bones are examined for growth marks that 

appear beyond the fluorescent marker. This technique is 

sometimes combined with the mark-recapture technique to 

provide precise and accurate growth data on free-ranging 

animals. 

In this study, I seek to evaluate skeletochronology as a 

method of estimating age in brown tree snakes by injecting 

animals with a fluorescent marker, raising them in captivity 

under constant conditions, and evaluating the growth marks 

that occur on the mandible one year after the injection. My 

first objective is to describe the presence and 

"readability" of growth marks. My second objective is to 

determine whether growth marks are annual or correlate with 

feeding events or ecdysis. A corollary objective is to 

describe, in general terms, the growth of Boiga irregularis 

in the laboratory. While knowledge of laboratory growth 



rates will not allow age estimation, it may shed light on 

growth modulation, an intimate component of 

skeletochronology. 

METHODS 

Experimental design 

I raised 25 brown tree snakes under controlled 

conditions. Temperatures varied from 25°C to 35°C and 

relative humidities from 60-80%. Temperature and relative 

humidity were recorded on a hygrothermograph which I checked 

daily for abnormal readings. I measured the initial snout-

vent length (SVL) and weight of the animals and distributed 

them evenly between two laboratories with respect to length 

and sex. I injected 12 snakes with a 1% solution of calcein 

at a dose of 0.004cc per gram of body weight. The other 13 

1 injected with a 1% solution of alizarin red at a dose of 

0.008cc per gram of body weight (Suzuki and Matthews 1966, 

Duhamel 1739). I divided the snakes into two treatment 

groups which I distributed evenly according to length, sex, 

and laboratory. 

Animals in the treatment 1 group were fed 52% of their 

initial body weight once a month. Animals in the treatment 

2 group were fed the same 52% monthly ration, but in 4 

weekly portions of 13% each. Based on feeding studies done 
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by Chiszar (pers. comm.)/ I chose these meal sizes so that 

they would be large enough to ensure measurable growth after 

one year, but small enough to be digestible by those snakes 

fed the entire ration at a single monthly feeding. I fed 

the snakes white laboratory mice (Mus musculus) or rats 

(Rattus norvegicus) which I obtained from Harlan-Sprague-

Dawley, a University of Arizona-approved animal vendor. The 

snakes readily accepted mice that had been frozen and 

thawed. To avoid having the snakes in the treatment 1 group 

become satiated before they consumed the entire 52% ration 

of food, I sewed the appropriate number of mouse carcasses 

together with cotton thread so that the snakes were obliged 

to ingest the entire meal at once. 

After 6 months, I reweighed and remeasured the snakes 

and increased the mass of prey fed to each snake to maintain 

the 52% per month ration. This readjustment caused all but 

one of the snakes in the treatment 1 group to regurgitate 

or refuse the meal. At the second monthly feeding on the 

adjusted regimen, two snakes died of asphyxiation, 

apparently incapable of swallowing or regurgitating their 

prey mass. Consequently, I reduced the ration for all 

snakes to 36% of their body weight per month. Animals in 

the treatment 1 group were fed 36% body weight once a month 

while animals in the treatment 2 group were fed 9% body 

weight once a week. 



During the course of the experiment, I recorded the 

dates each snake shed. In October of 1991, one year after 

the injections, I weighed and measured all of the snakes 

before sacrificing them with a lethal dose of sodium penta-

barbital. Dermestid beetles (Dermestes sp.) skeletonized 

the cadavers. 

After skeletonization, I removed the right mandible on 

each specimen and soaked it in distilled water for 24 hours. 

I then photographed the posterior of the mandible in water, 

with transmitted light, using an Olympus SZH dissecting 

microscope fitted with a 35mm camera. I analyzed growth 

marks from prints of the mandibles, because prints are easy 

to handle and provide a permanent record of the raw data. I 

counted the number of growth marks between the fluorescent 

marker and the outer edge of the coronoid process. To 

assess inter-observer variability, three other people rated 

the number of growth marks from the same set of prints. 

Treatment of data 

I used a repeated measures analysis of variance (ANOVA) 

on the 4 sets of growth mark counts to calculate a 

reliability coefficient. To account for the number of 

recorded growth marks, I built general linear models 

incorporating number of sheds, treatment group, rater, 

initial length, sex, laboratory, and mean monthly growth 
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rate. I kept independent variables in the model if they 

significantly improved the fit, as measured by F-tests of 

nested models (alpha = 0.05). I compared growth rates 

between the 2 treatment groups using a t-test on the 

residuals of the mean monthly growth rate versus initial 

length regression. This model insured that growth rate 

accounted for the initial length of the snake. To compare 

length to weight ratios of my captive snakes with those of 

wild snakes, I calculated what proportion of the points on 

the final weight vs. final length plot of the captive snakes 

were present above the regression line of weight vs. length 

of wild caught snakes. Lengths and weights were natural log 

transformed. Data on wild snakes came from 607 individuals 

collected on Guam (Rodda and Fritts, unpub. data). 

Properties of growth marks 

"Growth marks" is the collective term for the opaque and 

translucent layers of bone that can be seen with transmitted 

light. The layers that appear opaque (dark) in transmitted 

light represent fast-growing bone; opaque layers are 

referred to as zones. A high density of cells which trap 

the light give the bone its opaque appearance. The 

translucent or light colored bands represent slower growing, 

cell-poor bone and are called annuli. To avoid confusion, 

"growth marks" in this paper refers to the dark zones of 



rapid growth. Histological preparations of cross-sections 

of bone did not improve the resolution of growth marks on 

brown tree snake mandibles (Collins and Castanet unpub. 

data). 

RESULTS 

Of the 25 animals injected, 19 lived to the end of the 

experiment. Two snakes died of asphyxiation as described 

earlier, one died of a suspected stomach lesion, one of 

dehydration, one died of a systemic infection, and one died 

of unknown causes, soon after the experiment began. 

Description of growth marks 

Of the 19 mandibles photographed, 2 showed no evidence 

of the fluorescent marker. The 17 remaining specimens 

typically showed 5 or 6 growth marks (range 0-11) beyond the 

fluorescent marker. The growth marks varied in thickness 

and distinctness (Fig. 1) . 

Inter-rater agreement 

The repeated measures ANOVA yielded estimates of 

variance components for subjects (snakes), raters, and the 

interaction of subjects and raters of 5.948, 0.391, and 



Figure 1. Posterior projection of the mandible of 
snake number 23. Note the yellow calcein dye 
(arrow) and subsequent bone growth. 
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1.275, respectively. Using these estimates, I calculated 

the reliability coefficient (0.7812) for a single rating on 

a single subject by dividing the estimate of the subjects 

component by the sum of all three estimated components. 

Thus for a single reading on a single snake, an average of 

78% of the variance is true variance (variance among 

snakes). For an average of 2, 3, and 4 readings on a single 

subject, the true variances are 88%, 91%, and 93%, 

respectively. 

Periodicity of the growth marks 

The multiple regression analysis yielded a robust model 

(R2 = 0.68, p < 0.05) which included initial length, raters, 

and number of sheds (Table 1). Of the 3 model components, 

number of sheds was the most important contributor (F = 

64.145, d.f. = 1, p = 0.0000). Using the chosen model, the 

estimation of the number of sheds given 1 growth mark is 

1.28; this is not significantly different from 1 (t = 

1.7519, p = 0.085). 

Treatment effect on growth 

The animals fed once a week grew faster than the animals 

fed once a month (weekly-fed mean growth per month = 20.16 

mm, monthly-fed mean growth per month = 11.70 mm, 
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Table l. Linear model including as factors number of sheds, 
initial length, and raters (all four raters are counted as 
one factor). 

REGRESSION 

FACTOR COEFFICIENT STANDARD 
DEVIATION 

F-TEST 

Intercept 

Sheds 

Initial 
length 

Rater 1 

Rater 2 

Rater 3 

-3.4200 

1.2822 

0.0037 

-0.6471 

-0.2353 

-1.4706 

0.8793 

0.1614 

0.0008 

0.5191 

64.14 

21.69 

3.25 

0.0000 

0.0000 

0.0274 

coefficient for raters 1, 2, 3 = coefficient + intercept; 
coefficient for rater 4 = intercept. 

Continued on next page 



Table 1. Continued 

ANALYSIS OF VARIANCE 

SOURCE DEG. OF 
FREEDOM 

SUM OF 
SQUARES 

MEAN 
SQUARED 

F P 

Regression 6 337.50 67.50 29.47 0.000 

Error 61 142.03 2.29 

Total 67 479.53 

FACTOR DEG. OF 
FREEDOM 

SUM OF 
SQUARES 

MEAN 
SQUARED 

Intercept 1 122.70 122.70 

Sheds 1 144.61 144.61 

Initial 
length 1 48.90 48.90 

Rater 1 

Rater 2 3 21.29 7.09 

Rater 3 
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t = -2.12, d.f. = 16, p = 0.05). 

Growth in captivity 

In my sample, growth rate is not correlated with initial 

length (r2 = 0.00). For the 607 wild-caught snakes, the 

relationship between the natural log of weight and the 

natural log of length is best expressed by the equation: In 

weight = 1.244 (In length) - 4.223 (r2 = 0.47). The 

majority (64%) of the points on the final weight vs. final 

length of captive snakes plot fell above the regression line 

for wild snakes. 

DISCUSSION 

Characteristics of growth marks in Boiga irregularis 

In general, the appearance of growth marks on Boiga 

irregularis mandibles is clear and comparable to the 

appearance of growth marks on the mandibles of the temperate 

species Vipera aspis (Castanet, pers. comm.). This 

observation challenges the notion that growth marks are the 

direct result of seasonal changes. Activity, feeding, and 

growth are reduced or absent in winter in temperate reptiles 

(Bellairs 1970, Goin et al. 1978). However, it would be 

incorrect to assume that reptiles which do not experience 

seasons show no growth marks. 



In this study, I encountered two of the common 

difficulties with skeletochronology: absence of growth and 

bone resorption. The largest animal in my sample measured 

1784 mm at the start of the experiment and grew only 51 mm 

in one year. This animal may have been senescent. In fact, 

the increase in length recorded could be an artifact caused 

by the difficulty of measuring such a large live snake. The 

fact that the mandible did not record the injection of 

calcein dye supports the conclusion that the snake had 

stopped growing. Another potential difficulty with 

skeletochronology is the resorption of bone at the center of 

the coronoid process which potentially destroys growth marks 

(Fig. 2). Bone resorption did not affect any of my samples 

because all but one had intact fluorescent markers and I 

based my analysis on bone beyond the marker (away from the 

center of resorption). 

Inter-rater agreement 

In addition to inherent problems of skeletochronology 

discussed above, the method cannot be applied to some 

species because of the blurry appearance of growth 

marks. Blurriness is a relative characteristic, and can 

lead to different interpretations of the number of growth 

marks by different observers. Only Zug and Rand's (1987) 



2mm 

Figure 2. Posterior projection of the mandible of 
snake number 2. Note the gap in the alizarin 
red marker (arrows), suggesting bone resorption. 
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work, which examined reliability and consistency of the 

skeletochronological technique in Iguana iguana, has 

considered inter-rater agreement. In the present study, the 

results of the repeated measures ANOVA show that the average 

count of 4 raters has an error component that is 93% true 

variance. Hence, the error due to observers is relatively 

small and does not by itself invalidate the value of 

skeletochronology in Boiga irregularis. 

Periodicity of the growth marks 

The presence of more than one growth mark beyond the 

fluorescent marker indicates that growth marks observed in 

my study are not annual. This conclusion contradicts the 

dogma that growth marks are annual. However, it is still 

possible that one of the growth marks may be annual, while 

others are "extra" or "false" growth marks described by 

Castanet and Naulleau (1985). The basis of this speculation 

is that the growth marks are variable in appearance. In 

some cases (Fig. 3), one growth mark beyond the fluorescent 

marker is more pronounced than the others; perhaps this is 

the annual mark, while the others are the "extra", or shed-

modulated marks. 

The growth marks are probably not the result of 

individual feeding events as the numbers of feedings (12 or 

48) far exceeded the numbers of growth marks and the 
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Figure 3. Posterior projection of the mandible of 
snake number 7. Note the distinctly thicker 
growth mark (arrow) beyond the fluorescent 
marker. 
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inclusion of the feeding treatment variable did not 

significantly improve the multiple regression model (F = -

1.09923; d.f. = 1,61; p = 0.292). Multiple regression did 

indicate a strong correlation between the number of growth 

marks and the number of sheds. This correlation suggests 

that, even under constant environmental conditions, the 

bones are recording shed-induced changes in growth rate. I 

do not know whether growth marks and ecdysis are similarly 

correlated in wild snakes; under natural circumstances, 

subtle changes in growth rate might not be recorded with 

such fidelity. Castanet and Naulleau (1985) suggest that 

the extra growth marks might occur as a result of a self-

regulating method of growth. That is, when growth is 

maximal, physiological processes responsible for growth 

would reach maximum capacity. These processes would then 

shut down temporarily, halting or slowing growth for a short 

period of time. However, my results suggest that the extra 

growth marks are probably the expression of growth rate 

changes associated with ecdysis. 

Growth in captivity 

Weight-to-length ratios for snakes in the laboratory 

compared favorably with weight-to-length ratios of wild 

snakes. However, brown tree snakes fed a large meal once a 

month grew less than the snakes fed several smaller meals 
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during the month. One reason for slower growth is that 

animals presented with a large meal tended to refuse the 

meal or to regurgitate it following ingestion. Therefore 

snakes fed once a month consumed less food than snakes fed 

once a week. Chiszar's studies (pers. comm.) and 

observations in the wild (Rodda pers. comm.) indicate that 

brown tree snakes will readily ingest prey that are over 50% 

of their body weight. In light of these observations, I do 

not know why some snakes in my study had difficulty eating a 

large meal once a month. Perhaps the presence of basking 

lights would have aided in digestion. I can also speculate 

that since I fed the snakes dead prey, no venom was used and 

so no digestion of the prey from the inside took place. 

However, I noticed that the same individuals always had 

trouble feeding on the once a month regimen. 

CONCLUSION 

The results of the study show that there are growth 

marks on Boiga irregularis mandibles. However, these growth 

marks could not be used to estimate age. For snakes raised 

in the laboratory, growth marks are strongly correlated with 

ecdysis, but not with years or feeding events. It is 

possible that there are annual growth marks as well as shed-

modulated growth marks. Annual marks may be distinguishable 
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from shed-modulated marks in wild-caught animals whereas 

they were not distinguishable in animals reared for one year 

in the laboratory. The fact that growth marks correspond to 

shedding events may make it possible to study ecdysis in 

free-ranging snakes. The correlation between growth marks 

and shedding events may explain the extra-annual growth 

marks found in many reptiles. 
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