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7.

Thirty eggs were obtained from each of 10 loggerhead nests deposited on
the beach at Boca Raton, Florida. All eggs were obtained within 12 h of
deposition. They were reburied in 3 small Styrofoam coolers containing
sterilized beach sand. Each cooler contained 10 eggs incubated at 3
different (but constant) temperatures (varying between 29.4 and 31.4° C, +
0.3° C). All eggs were maintained at uniform conditions of sand moisture
(0.03-0.08 m3/m3), humidity (~80%), and incubated under dark conditions.

Each cooler contained a “normally open” DC switch, installed inside the
cooler about one week before an anticipated emergence (Figure 2).
When hatchlings dug their way to the sand surface, they completed the
circuit, resulting in a mark on the chart of an event recorder. We recorded
the time when the first mark appeared (“Time Start”) and the time shortly
afterward when many marks were recorded, indicating several hatchlings
had emerged (“Time Emerge”). Emergence times/hour were converted
into degrees (e.g., 6 AM = 90°; noon = 180°; 6 PM = 270°) so that the data
could be analyzed using circular statistics (4). Rayleigh tests were used to
determine if emergence distributions were random (our null hypothesis) or
significantly clustered (suggesting the existence of a biological clock).

Once loggerhead hatchlings escape from their eggs, they take
between 4-7 d to dig their way out of the nest and emerge (1).
Emergence occurs primarily at night as during the day, beach
sands are heated to temperatures that inhibit hatchling activity
so the turtles stop digging (2). After sunset, the sands cool and
the turtles once again become active and emerge (Figure 1).

In a recent publication (3) the temporal pattern of nocturnal
emergence was reviewed. That pattern revealed that most
emergences by marine turtles occur before rather than after
midnight even though beach sands remain cool throughout the
night and early morning. We therefore hypothesized that
hatchlings might possess a “time sense” (biological clock) that
governs when during the night emergences should occur; that
clock apparently favors the early portions of the dark period.

To determine whether hatchlings actually possess such a clock,
we incubated eggs in coolers filled with beach sand, and held
under constant physical conditions inside large, walk-in
incubators. We then noted the time when the hatchlings
emerged from those “nests”. A total of 97 % of the incubated eggs produced viable hatchlings.

A majority of the hatchlings emerged from their “nests” between 1600 h and
2300 h (4 PM – 11 PM; Figure 3). Mean emergence time for the two turtle
groups was between 8-9 pm (2000 – 2100 h). Rayleigh tests revealed that
emergences in both distributions were significantly clustered.

Our results provide preliminary support for the hypothesis
that loggerhead hatchlings possess a time sense (“biological
clock”; 5) that provides them with a sense of when, during the
dark period, they should emerge. That time period appears to
favor the earlier over the later portion of the dark period.

This strategy may be utilized by the hatchlings to optimize
survival in their environment. Upon emergence, the hatchlings
crawl toward and enter the sea, beginning a period of
hyperactive swimming, termed the “frenzy” (6). Initiating this
event before midnight allocates more time to crossing over
hazardous shallow waters, during the dark period. This
minimizes the probability of detection by visual predators (7).

We plan to repeat this experiment next summer. In
addition, we plan to search for the synchronizing cue(s)
(“Zeitgebern”) that hatchlings may use to adjust their
biological clock to local conditions. Currently, those cues are
unknown.

Figure 2. Left: View from above of the inside of a sand-filled cooler, showing
the switch used to record an emergence. A DC circuit is completed when the
hatchling raises the horizontal wire screen (B) laying on the sand surface up,
bringing it in contact with a vertical wire screen (A) suspended under a
support (C). That contact places a mark on the chart of a recorder. Right: a
hatchling has emerged under the horizontal wire screen.

Figure 3. Distribution of emergence times from 30 nests, based upon the first indication of
activity (Time Start, left) and the time when most of the group emerged (right, Time
Emerge). Inner dashed circle = 2, middle dashed circle = 4, and outer circle = 6
emergences/h. Each bar corresponds to the number of emergences recorded/hour,
ranging from 0 - 5/h. The circumference of the two diagrams represents 24 hours,
converted to degrees (0°= midnight; 90° = 6 AM, 270° = 6 PM, etc.). The mean time of
emergence (filled red triangle) is ~ 8 PM (Time Start) and ~ 9 PM (Time Emerge).
Rayleigh tests indicate that both distributions are significantly clustered.
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