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the American Fisheries Society (Jelks et al. 2008); thus the spe-
cies is of increased interest to management agencies (Sakaris et al. 
2014). However, biologists have only recently begun to obtain vital 
growth, recruitment, population structure, and mortality data for 
this species through the examination of otoliths. Several studies 
have validated otolith-based age estimation techniques for both 
juvenile and adult alligator gar (Buckmeier et al. 2012, Sakaris et 
al. 2014, Snow 2014), and Buckmeier et al. (2012) documented 
checks in the sagittae, especially between early annuli. Although 
less distinct when illuminated, some checks were described as very 
similar in appearance to annuli, potentially affecting the accuracy 
of age estimates. Understanding factors that may influence checks 
in alligator gar otoliths will lead to a better understanding of life 
history for this species. 

Alligator gar spawn on inundated terrestrial vegetation in back-
waters and floodplain areas during periods of high water (Brink-
man 2008, Inebnit 2009) which are subject to a wide variety of 
fluctuating environmental conditions that could affect growth. 
Inebnit (2009) suggested that 7 days of continuous flooding was 
needed for larval development and an additional 14 days were re-
quired for adequate nursery habitat in the Fourche LaFave River, 
Arkansas. Backwater areas are subject to isolation by falling water 
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Accurately estimating age of fish is important for assessing 
fish populations (Maceina and Sammons 2006). Many structures 
have been used to determine fish age, but otoliths have shown to 
be more accurate and precise for most fish species (Maceina et al. 
2007). Otoliths do not regenerate or become resorbed during pe-
riods of stress, and their layers of calcium carbonate within the 
otolith matrix act as a long term record of events through the fish’s 
life, including discernable marks classified as checks. For example, 
larval monk goby (Sicyopterus japonicus), New Zealand longfin eel 
(Anguilla dieffenbachii), and short-finned eel (Anguilla australis) 
exhibit a metamorphosis check as they leave the marine environ-
ment and enter freshwater (Shen and Tzeng 2002, Tzeng et al. 
2007). These checks (sometimes called false annuli or accessory 
marks) are formed by a temporary cessation in growth caused by 
factors such as pH change, stress, injury, abrupt growth change, 
diet switch, and temperature (Hultberg 1977, Ottaway and Simkiss 
1977, Wright et al. 2002, Albert et al. 2009). In some cases, checks 
have been induced on hatchery-reared fish as a reference mark for 
subsequent identification (Campana and Neilson 1985, Katayama 
and Isshiki 2007, Volk et al. 1999).

Alligator gar (Atractosteus spatula) has become a popular 
fish species pursued by anglers but is considered imperiled by 
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levels in rivers and reservoirs (Junk et al. 1989, Slipke and Maceina 
2005), affecting prey availability and ultimately daily ring discern-
ibility in alligator gar due to slowed growth. Daily increment width 
in otoliths of larval Chinese suckers (Myxocyprinus asiaticus) was 
related to food availability, with starved fish having narrower in-
crement widths than fed fish, and these periods of narrow rings 
could be interpreted later in life as a check (Song et al. 2009). In 
Colorado pikeminnow (Ptychocheilus lucius), food availability was 
speculated to affect daily otolith increment clarity, with low con-
trast rings associated with periods of low food availability or star-
vation (Bestgen and Bundy 1998). Therefore, we hypothesized that 
alligator gar could be subject to check formation during early life 
stages in unstable habitats such as backwater nursery areas, and 
these check formations could be misinterpreted as annuli later in 
life. The objectives of this study were 1) to assess the ability of food 
abundance to create growth checks on otoliths of age-0 alligator 
gar, 2) determine the effect of growth checks on the accuracy of 
daily age estimates, and 3) assess the linear relationship between 
otolith length and fish length between treatment groups.

Methods
Fish Collection and OTC Marking

Fertilized alligator gar eggs were obtained and hatched on 1 
and 2 May 2012 at Louisiana State University Agricultural Cen-
ter Extension, Baton Rouge. Larval gar were transported to the 
Tishomingo National Fish Hatchery, Tishomingo, Oklahoma, and 
released into two rearing ponds on 10 May 2012, 8–9 days after 
hatch. A weekly sample of 10 fish was collected with seines, sacri-
ficed, and preserved in 70% ethanol to evaluate stomach contents. 
By week three, all alligator gar were piscivorous, which was when 
we began our experiment. 

On 2 June 2012, 60 individuals were collected via seine and 
given a reference mark by soaking in a solution of 700 mg L –1 oxy-
tetracycline (OTC) and 434 mg L –1 sodium phosphate (dibasic) 
buffer for 6 h. This technique produces a glowing yellow to orange 
mark when viewed under ultraviolet light (Fielder 2002, Kuklinski 
2014). Fish were then transported to the Oklahoma Fisheries Re-
search Lab (Oklahoma Department of Wildlife Conservation) and 
placed into holding tanks. 

Tank Experiment and Otolith Preparation 
After OTC marking, 16 individual alligator gar were assigned to 

one of two feeding treatments: experimental and control. We used 
eight 946-L round fiberglass tanks that were divided into quarters 
using composite plastic and window screen. Each quarter-tank 
had one randomly assigned fish and each tank had two treatments, 
which allowed for 16 replicates total. All tanks had continuous 

slow water exchange throughout the 40-day experiment. The water 
source was from a well that was consistently 22.2 to 22.7 C, result-
ing in water temperatures in each tank ranging from 22.2 to 25.5 C. 
Dissolved oxygen averaged 7.8 ppm throughout the experiment. 
The control group was kept with 30–50 prey items at all times 
throughout the experiment to ensure minimal energy would be 
spent feeding, thus maximizing growth. The experimental group 
was fed 2 g of prey a week for 20 days then switched to a feeding 
schedule identical to the control group for another 20 days. Prey 
items were received from Tishomingo National Fish Hatchery, 
Byron State Fish Hatchery, and Manning State Fish Hatchery in 
Oklahoma. Prey were 15- to 70-mm total length (TL) largemouth 
bass (Micropterus salmoides), bluegill (Lepomis macrochirus), 
goldfish (Carassius auratus), fathead minnows (Pimephales prome-
las), golden shiners (Notemigonus crysoleucas), and mosquitofish 
(Gambusia affinis). All alligator gar were measured for TL (mm) at 
the beginning of the experiment, after 20 days, and then once per 
week until completion. At the end of the 40-day experiment, all 
fish were sacrificed and otoliths (sagittae) removed.

Otoliths were removed using methods described by Snow 
(2014). The specimen was positioned dorsal side down under a 
dissecting scope and the head was removed with a transverse inci-
sion anterior to the pectoral girdle. Dissection pins secured the 
head to a dissection platform. The bottom jaw and gill structures 
were removed with forceps and the ventral side of the braincase 
was exposed. The parasphenoid was then detached to expose the 
inner ear structures, located just under the large bulbous portion 
of the parasphenoid. After removing the parasphenoid, the saccule 
structure was revealed, allowing the sagittae to be removed.

Otoliths were cleaned and stored dry before viewing. After 24 
h, sagittae were measured to the nearest mm, from the dorsal edge 
to the ventral edge, then browned at 104 C on a hot plate to in-
crease contrast between accretion and discontinuous zones (Secor 
et al.1992, Snow 2014). After browning, otoliths were embedded in 
Loctite 349 (Mauck and Boxrucker 2004, Snow 2014) for section-
ing with a low speed IsoMet saw (127 x 0.4 mm). Sagittae were sec-
tioned in a transverse plane near the anterior portion of the otolith 
(Sakaris et al. 2014, Snow 2014). Otolith sections were mounted to 
glass microscope slides with thermoplastic cement and polished 
wet with 600-grit sandpaper to enhance visibility of daily rings. 

Accessory Check Determination and Data Analyses
Otoliths were examined double-blind at random with no refer-

ence to treatment to reduce bias. A check was defined as a broad 
diffuse band, obviously different in contrast to the daily growth 
increments immediately prior. To determine if a check was pres-
ent, otoliths were examined under immersion oil independently 
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by two readers then discussed in concert using a high resolution 
monitor connected to an optic-mount digital camera attached to 
an Olympus BH-2 microscope. After check presence was deter-
mined, an ultraviolet light was used to verify OTC marks. Otoliths 
were examined under a power of 100x to 200x depending on the 
size of the otolith and daily growth increments were counted in-
dependently by two readers, discussed in concert, and an age as-
signed from the OTC mark to the otolith outer edge. 

A chi-square test was used to determine differences in pro-
portions of otoliths with a check between treatment and control 
groups, and number of increments were tested between groups 
with a t-test using Excel. Finally, the linear relationship between 
otolith length and fish length was compared between treatment 
and control groups with analysis of covariance (ANCOVA, SAS 
Institute 2012). Prior to analyses, data were examined for normal-
ity using the software package Statistix (v8, Analytical Software, 
Tallahassee, Florida). All significance tests were evaluated at P ≤ 
0.05.

Results
Control fish grew steadily throughout the 40-day experiment, 

whereas growth of experimental fish was minimal during the food 
ration period and then rapidly increased after prey availability was 
increased (Figure 1). Although we randomly assigned fish to each 
group, fish in the control group were larger (mean TL = 113 mm) 
than fish in the experimental group (mean TL = 99 mm) at the be-
ginning of the study. Proportion of otoliths having a growth check 
varied between groups (chi-square = 13.08, df = 1, P = 0.01), with 
none of the alligator gar sagittae in the control group having any 
checks and 14 of 16 otoliths in the experimental group having a 
check (Figure 2). 

Sagittae were successfully marked with 700 mg L –1 of OTC and 
validated daily growth increment formation. We counted twice 
as many growth increments (mean, 37.4 vs 18.6) from the OTC 
mark to the edge for fish in the control group compared to fish 
in the experimental group (T = 29.26, df = 25, P = 0.01) (Figure 3), 
indicating that daily ring counts were more accurate in the con-
trol group (40 days from OTC mark to end of experiment). Even 
though we found differences in daily ring counts between groups, 
the linear relationship between otolith length and fish length was 
similar (F = 1.23, df = 1.28, P = 0.28), demonstrating that otoliths 
continued to grow in relation to fish size regardless of ration level. 

Discussion
Limited food availability compressed daily growth increments 

and resulted in a growth check on age-0 alligator gar otoliths. This 
may be important when considering spawning strategy and nurs-
ery habitat for alligator gar, where environmental factors may of-
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Figure 1. Mean total length of alligator gar fed high ration of prey (control; solid line) and low ration 
of prey for the first 20 days and then high ration of prey for the subsequent 20 days (experimental; 
dashed line). Error bars represent 1 SD about the mean.  The vertical line represents the change in 
food rationing for the experimental group.

Figure 2. The photo on top illustrates a check created by the compression of daily 
growth increments due to food rationing in a sagitta of an age-0 alligator gar. The bot-
tom photo is a control fish with no check.
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ten reduce prey availability. These areas may be disconnected and 
reconnected to adjacent larger water bodies throughout the year 
(Junk et al. 1989, Slipke and Maceina 2005), causing fluctuations 
in food supply that may produce multiple checks on otoliths of 
piscivores such as alligator gar (Robertson et al. 2008). The results 
of this study should provide a better understanding of detecting 
checks when estimating age, as unintentional counting of checks 
could result in error in assigning ages, although to what degree is 
unknown. Because alligator gar are long lived (Buckmeier et al. 
2012), accurately estimating age is important when trying to better 
understand population dynamics; however, more research should 
be done to evaluate growth check presence and their effects on age 
estimates, especially for older fish. 

Sagittae from both feeding groups grew in proportion to alliga-
tor gar total length, demonstrating that otoliths are good predic-
tors of total length, although differences in daily ring counts clearly 
indicate that food use can affect daily age estimates. In a daily age 
validation study, alligator gar formed approximately one ring per 
day and fish total length was highly related to otolith radius (Sa-
karis et al. 2014). As a result, Sakaris et al. (2014) concluded there 
is utility of otolith radius for determining growth history of age-0 
alligator gar and that environmental factors would have low influ-
ence on this relationship. However, our study found that variable 
growth rates during the first year of growth can make accurate 
counting of daily rings more difficult. 

On average, our age estimates for control and treatment groups 

underestimated the known age from the OTC mark by 6.5% and 
53.5%, respectively. For fish in the experimental group, this is ex-
plained mostly through the inability to discern rings because of 
extremely reduced growth and the masking presence of a growth 
check. However, total age of fish in both groups was 72 days, and 
studies have found that daily ring counts on sagittae of age-0 alli-
gator gar were imprecise and inaccurate past 62 days (Sakaris et al. 
2014, Snow 2014). Sagitta develop a concave cross section as they 
grow, resulting in extra preparation to reveal daily rings near the 
nucleus and leading to a loss of outer daily rings and underesti-
mates of age. Although we did not examine either of the other two 
otolith pairs, lapilli were more precise and accurate than sagittae 
through 91 days post-hatch (Snow 2014), thus use of this otolith 
for age estimation may overcome some of these limitations. For-
mation of checks on sagittae of alligator gar in a laboratory setting 
during their early life history is cause for concern for managers 
and researchers to accurately interpret them as a long term record 
of events through a fish’s life. Should food become limited in the 
wild for an extended period of time, checks could form resulting in 
considerable error in assigning ages. Future research is needed to 
evaluate other environmental factors that could cause stress result-
ing in a check and how to objectively identify checks from annuli. 
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