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ABSTR•CT.--Great Blue Heron (Ardea herodias) departure synchrony was greatest within 2 h 
of low tide, and the largest average colony synchrony was then 23% of the breeding herons/h. 
The average time between arrivals per heron at a 36-39-nest and an 8-nest colony was 6.7 h, 
which indicates that herons infrequently returned to a colony. Most herons (64% at the larger 
colony, 95% at the smaller colony) departed the colony alone. The clumping of the remaining 
departures probably resulted, at least in part, from coincidence. Arrivals and departures were 
more clumped at the larger colony. Received 20 October 1980, accepted 20 February 1981. 

KR•.BS (1974) indicated that Great Blue Heron (Ardea herodias) departures from 
a colony were clumped and herons departed the colony in flocks. Therefore, Krebs 
concluded that a Great Blue Heron colony may serve as an "Information Center," 
where unsuccessfully foraging herons learn the location of good foraging areas by 
following successful herons from the colony (see Ward and Zahavi 1973). In contrast, 
Pratt (1980) found little evidence that such following occurred. 

Here I examine the rates of Great Blue Heron colony arrivals and departures to 
determine the degree of arrival and departure synchrony, the sociality of heron 
departures, and the average frequency of colony arrivals and departures. I also 
discuss these data in relation to the Information Center hypothesis. 

STUDY AREA AND METHODS 

All observations were made at Great Blue Heron colonies near the Yaquina (44ø38'N, 124ø03'W) and 
the Coos estuaries (43ø22'N, 124ø15'W), both located on the central Oregon coast. Yaquina-S was a 39- 
and 36-nest colony in 1974 and 1975, respectively, and Coos-E was an 8-nest colony in 1975 (Bayer and 
McMahon in press). Great Blue Herons (henceforth termed herons) were the only ardeids that nested in 
either colony. 

I recorded all heron colony arrivals and departures at Yaquina-S from a hill 300 m away from the 
colony during 66 h between 0430 and 1930 (Pacific Standard Time) on 8 days in June and early July 
1974 and 1975. At an observation post 200 m from Coos-E, I recorded all heron arrivals and departures 
during 16.5 h between 0400 and 1930 (PST) on 15, 16, and 17 June 1975. During these observations, 
most of the Yaquina-S heron chicks would have been about 30-60 days old, and Coos-E chicks would 
have been 3045 days old (calculated from Bayer and McMahon in press). I recorded only diurnal 
arrivals and departures, but herons also arrived and departed from the colonies at night (unpubl. data). 
Individual herons were not distinguished. 

Most Yaquina-S and Coos-E herons foraged in intertidal areas in the 3 h before and after low tides. 
Tides at these estuaries are semidiurnal mixed, with the lowest low tides and the greatest tidal ranges 
occurring fortnightly. High and low tide cycles alternate, with approximately 6 h between cycles. The 
difference between Mean Higher High Water and Mean Lower Low Water (MLLW, 0.0 m) is 2.56 m 
(Oregon State Land Board 1973). 

RESULTS 

Colony synchrony.--At Yaquina-S, arrivals and departures were significantly cor- 
related to the time of low tide (except for arrivals during flood tide) (Fig. 1) and with 
tide height (Fig. 2). Most arrivals and departures occurred within 2 h of low tide 
(Fig. 1) and when tide elevations were less than 0.0 m (Fig. 2). At Coos-E, there 
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Fig. 1. Linear regressions (slanted discontinuous lines), means (horizontal lines)• and ranges (vertical 
lines) of percentage of Yaquina-S breeding herons arriving or departing during 1-h observation periods 
before and after low tide (expressed as Time 0). The time relative to low tide for each observation was 
the time relative to low tide at mid-observation. Hours observed per low tide period for both arrivals 
and departures are listed along baseline of departures. 

were insufficient data to determine the relationship between arrivals or departures 
and tidal condition. 

At Yaquina-S, the maximum arrival rate was 27 herons/h, with an arrival rate 
of 20 or greater in only 7 of 64 h of observations. At Coos-E, the maximum rate 
was 5 herons/h. The maximum departure rate at Yaquina-S was also 27 herons/h, 
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Fig. 2. Linear regressions, means, and ranges of percentage of Yaquina-S breeding herons arriving 

or departing during 1-h observations for ebb and flood at 0.5-m tide height intervals. The height for each 
period was the height at mid-observation. Symbols as in Fig. 1. 

with a rate 20 or greater during 8 h, and at Coos-E the maximum rate was 6 her- 
ons/h. 

Colony synchrony can be measured only by dividing the arrival or departure 
frequencies by the total number of breeding herons. The greatest average arrival 
synchrony at Yaquina-S with time of tide was 23% (Fig. 1) and with tide height 
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Fig. 3. Percentage of distribution of all 1978 Yaquina-S heron intervals between arrivals or departures 

either within 2 h or 2 h or more from low tide. 

was 25% (Fig. 2) of the breeding herons/h. The greatest average departure synchrony 
with time of tide was 23% (Fig. 1) and with tide height was 26% (Fig. 2). At Coos- 
E, there were insufficient data to determine an average peak synchrony, but the 
maximum Coos-E arrival (31%) and departure (35%) synchronies were within the 
synchrony range of Yaquina-S (Figs. 1 and 2). 

Low colony synchrony is also indicated by the small proportion of the colony 
departing in 5-min observations from Yaquina-S. During the period of peak depar- 
tures (i.e. within 2 h of low tide), an average of only 1.8% (SD -- 1.9, n = 242 
observations) of Yaquina-S herons departed per 5-min observation. 

The low degree of colony synchrony also indicates a long time between arrivals 
or departures for the average heron. The mean of the average hourly arrival and 
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departure rates throughout all hours of observation was only 0.15 arrivals or 
departures'heron-l'h -1 at Yaquina-S and 0.15 arrivals and 0.16 departures' 
heron -1- h -a at Coos-E. The inverse, the average time between an individual's 
arrival or departure, was thus 6.7 h at Yaquina-S and 6.7 and 6.3 h at Coos-E, 
respectively. The time between arrivals or departures at maximum average 
synchrony at Yaquina-S was 4.3 h. 

Arrival and departure clumping.--Assuming an average flight speed of 38.7 km/ 
h (range 30.6-46.8 km/h, Palmer 1962), I calculated that herons flying 1 min apart 
are 0.6 km apart. I found that most (59-95%) colony arrivals and departures were 
greater than 1 min apart (Figs. 3 and 4), so most herons were not arriving or 
departing the colony in tight flocks. 

At Yaquina-S, the intervals between colony arrivals or departures were less within 
2 h of low tide than for 2 h or greater (Fig. 3). To test the statistical significance of 
this trend, I used the two-sample rank test (Goldstein 1964:115) on the data shown 
in Fig. 3 for 1-min categories up to 9 min apart and for two additional categories 
(intervals 10-14 and •>15 min apart). I found that the trend of greater clumping 
within 2 h of low tide was not significant (arrivals, x* = 0.25, P > 0.10; departures, 
x* = 0.22, P > 0.10). At Coos-E there were insufficient data to test for a difference 
with stage of tide. 

The degree of arrival clumping was similar to the degree of departure clumping 
for a colony (Figs. 3 and 4). For Yaquina-S, I used the above categories to determine 
that the intervals between arrivals or departures did not differ significantly from 
each other (<2 h from low tide, x* = 0.83, P > 0.10; •> 2 h, x* = 0.31, P > 0.10). 
At Coos-E there were sufficient data for only three categories (intervals •< 9, 10- 
14, and •> 15 min apart). Using the same test, I again found no significant difference 
between intervals for arrivals and departures (x* -- 0.54, P > 0.10). 

Intervals between Coos-E arrivals or departures were much less clumped than 
those of Yaquina-S (Figs. 3 and 4). Using the two-sample rank test for three cate- 
gories (intervals •< 9, 10-14, and •> 15 min apart), I found that these intervals were 
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significantly different between the two colonies (arrivals, x* -- 4.22, P < 0.01; de- 
partures, x* -- 5.97, P < 0.01). 

The dumping of departures was correlated with the dumping of arrivals at both 
Yaquina-S and Coos-E. I found that the number of departures was significantly 
correlated (Yaquina-S, r = +0.59, t = 8.99, P < 0.01; Coos-E, r = +0.42, t = 
3.41, P < 0.01) with the number of arrivals per 15-min observation period (Ya- 
quina-S, n = 154; Coos-E, n -- 55). Further, the difference between the number 
of arrivals and departures per 15-min observation was not significant (Yaquina-S, 
paired-t = 0.51, P > 0.10; Coos-E, paired-t -- 0.41, P > 0.10). 

DISCUSSION 

Arrival clumping.---Arrival clumping may result from synchrony with extrinsic 
factors such as tides (Paine 1972, this paper) and/or socially induced flights. Socially 
induced flights may occur at the foraging grounds when the flight of one heron 
toward the colony may induce others to do likewise (also see Davis 1975). This may 
be particularly important for herons that started foraging about the same time be- 
cause of tidal height constraints. The generally longer intervals between arrivals at 
Coos-E may have resulted from the fact that there were fewer herons leaving the 
foraging areas to return to Coos-E that could have induced the return flights of other 
herons. 

Flock departures.--Krebs (1974) defined a flock to exist when heron departures 
were 5 min or less apart. By his definition of a flock, Krebs found that most herons 
(I estimate about 65% from his Fig. 5) departed the colony in flocks at peak colony 
synchrony. Five min is too long between departures, however, to consider herons 
as part of the same flock, because herons flying 5 min apart would be 3.2 km apart 
at the average heron flying speed of 38.7 km/h (Palmer 1962). A more realistic 
interval between departures is 1 min, and with a 1-min interval I found that a total 
of 34% of Yaquina-S and only 5% of Coos-E breeding herons could be considered 
as departing the colony together. Similarly, Pratt (1980) found that only 24% of 
the herons at a California coastal colony departed within 4 min of each other. Thus, 
Great Blue Herons most frequently depart the colony alone. 

"Flock" departures could result from coincidence resulting from several nonex- 
clusive causes other than birds using the colony as an Information Center. First, 
such flocks may be artifacts of environmental conditions. For example, ardeid de- 
parture frequencies are influenced by tides (Paine 1972, Krebs 1974, Brandman 
1976, Erwin and Ogden 1979, this paper) or times of day (Brandman 1976, Erwin 
and Ogden 1979, Warren 1979). Second, flocks may simply result from birds arriving 
in flocks, spending about the same amount of time at the colony, and then departing, 
probably still as synchronized as when they arrived. If herons arrived randomly at 
the colony and departures were dumped, then departure dumping might indicate 
departure of social flocks. But this is not the case, for arrivals were asynchronous 
at Coos-E, and departures were also asynchronous (Fig. 4). Third, flocks may result 
partly from the flight of one heron inducing the flight of other herons that can leave 
the colony (also see Davis 1975), especially of herons that arrived at about the same 
time. Fourth, flock departures may be an artifact of colony size (i.e. the probability 
of independently behaving birds departing coincidentally increases with colony size). 
Thus, the higher proportion of flocks at Yaquina-S than at the smaller Coos-E may 
represent the higher probability of birds departing "together" when there are more 
birds departing. 
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Individual colony returnfrequency.--Herons returned to the colony infrequently. 
Theoretically, a heron could make several trips from the foraging grounds to the 
colony in an hour, for the distance between Yaquina-S and most Yaquina foraging 
grounds (•<5 km, pers. obs.) could be flown, at average speed, one-way in 7.8 min. 
I found, however, that the average arrival time for a Yaquina-S heron was 6.7 h. 

The low return rate to the colony is to be expected. As suggested by Pratt (1980), 
during the time spent at the colony, truly ephemeral foraging areas could 
have moved or disappeared (also see Bayer in prep.). Further, a heron would expend 
time and energy in flying to the colony, waiting, and somehow identifying a suc- 
cessfully foraging nonterritorial heron. If a heron mistakenly followed a territorially 
foraging heron, which could be very "purposeful" and have territories up to 34 km 
from a colony (Peifer 1979), the follower would expend energy without any com- 
pensation, because the follower would be subsequently chased from the foraging 
site. A heron would better spend its time at the foraging ground foraging solitarily 
or following flocks as they formed. Evidence of Great Blue Herons or other ardeids 
cueing to flocks at foraging areas was found by Krebs (1974) and Kushlan (1977). 
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