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Introduction

Throughout this manual, the emphasis is on practical methods, and we have 
omitted some methods which (though highly accurate) are too labour-intensive 
or time-consuming for general monitoring use. The methods presented here deal 
only with assessment of population sizes, population changes, and the numbers of 
chicks produced by breeding pairs. It is also important to monitor other population 
parameters such as adult survival rates, diet, rate of food-delivery to chicks, or growth-
rates of chicks. However, the methods required for monitoring survival rates, in 
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particular, are labour-intensive for widespread use and are thus beyond the scope of this 
document. We have provided some other measures and suggestions that you might 
consider, but these largely go beyond monitoring and into the realm of research.

Please use this document as a guide, but remember there has been little published 
work on tropicbird species. Consequently, the opportunity to find new and important 
things about their biology, population ecology and conservation awaits you.
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Tropicbird Species

Two tropicbird species occur regularly with the Caribbean, the white-tailed tropicbird 
and the red-billed tropicbird. Both species have been recorded breeding on Saba, but 
there is now some doubt whether white-tailed tropicbird continues to nest on the 
island. It should go without saying that it is important to know which species one is 
monitoring, and hence it is important to become familiar with the identification char-
acteristics of each species. Unfortunately, they are not easy to tell apart, and require 
good views and the right angle for a positive identification. 

We have provided some photographs of each species in the photographic appendix. 
Remember these are good photographs and it makes the identification easy. One 
does not always get such good views. Take care to identify the species you think 
you are monitoring. Do not assume that you are monitoring red-billed tropicbirds 
simply because they are the more numerous. If you see the bird at a nest, then bill 
colour (yellow) and the smaller size of the white-tailed tropicbird should be obvious. 
However, birds in flight can be difficult, especially when viewing a single bird from a 
distance. Please take some time, to ensure you can recognize these species, and that 
the individuals you are counting are the species you think they are.

Top photograph: Adult red-billed tropicbird, lower photograph: White-tailed tropicbird
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What to Count and Counting Units?

It is important to have counts or estimates from ‘sample study sites’ that can then 
be interpreted as being representative of a ‘general trend’ for the overall population. 
Obtaining so-called ‘population counts’ is a missleading term, as observable (flying) 
birds may often include non-breeders, failed breeders, those who have lost their mate, 
and possibly birds from one of these categories from a neighboring colony or from 
further afield. In some areas it may not be possible to count active nests (confirmed 
nesting pairs), or indeed apparently occupied nests (AON). In such situations the 
observer may be left with ‘individual counts’ of flying birds. But as we have discussed 
above, counts of individual flying birds, even if we assume the counts themselves are 
accurate, may involve birds that are not directly associated with the colony (area) of 
interest. So what do we do? 

First, it is important to realize that the precision of what we are counting may not be 
great. However, if we are measuring overall trends, rather than specific numbers, then 
our efforts should acceptable. Thus, we will focus on methods that are repeatable and 
aimed to provide an index of whether the population is stable, declining or increasing. 
If we do want a population count then it is important to recognize that this is an 
approximate number and subject to variability. This variability may be due to the 
experience of the observer(s), the timing of the count, the stage of the nesting season, 
and the many factors that might influence adult attendance, such as food availability, 
predators, nesting success in the previous year, inter-season survivorship, etc.

Where possible it is preferable to count the number of active or Confirmed Nesting 
Pairs (CNP) within a defined area. This will provide important baseline information 
on the density of nesting pairs, and also serve as a basis for inter-year comparison 
(monitoring). The next level of count is the Apparently Occupied Nest (AON). An 
AON is where the observer believes that an area or site is occupied by a nesting pair. 
This may be the necessary counting unit in areas that are inaccessible, when limited 
time is available to confirm nesting, when surveying sections of coast by boat, or 
when there is concern about disturbing birds. Clues to an AON include, repeated 
flying in and out of a potential nest cavity, white fecal markings around the entrance 
of the site, aerial or ground disputes between competing or neighboring birds, and 
the all-important ‘gut feeling’ of the observer. Typically, this ‘gut-feeling’ of an AON 
is based on the behavior of a bird(s) in the area, and the presence of ‘white’ on the 
cliff. But it is not easy, and is often a judgment call. However, an observers ability to 
recognize AONs will increase with experience. 
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Individual Bird Counts (IBC) apparently associated with an area are probably the 
easiest to collect but are prone to some doubt as to what they mean. We have listed 
above the confounding factors that may confuse the individual count (e.g., non-
breeding birds). Moreover, we do not know the relationship between the maximum 
number of flying individuals and the number of AON or CNP. Consequently, although 
the IBC may be relatively easy to collect they probably provide the least detailed or 
precise measure of bird numbers.

It should be clear from what we have described above, that counting birds and what 
the numbers mean, is perhaps not as straight forward as it seems. This should not be 
an excuse not to make the counts, but to be wary of the precision and accuracy of 
what is being counted and what it means. Remember, the prime aim of monitoring 
is to obtain an estimate of how ‘the population’ is doing over time. Thus although 
the above counting units have their challenges and limitations they are sufficient to 
provide a broad measure of change. 

Fixed point diurnal attendence watch to establish the daily pattern of attendence - ensure a safe and 
comfortable location. Photograph by Kai Wulf, SCF
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Recording Nest Sites and Bird Distribution

Probably one of the greatest tools to aid the monitoring of seabird populations 
and their trends is the simple camera. Modern digital cameras and their Jpeg files, 
make this even easier and we strongly recommend the use of a digital camera as a 
monitoring tool. Creating digital images that can be marked with AON and CNP is 
a wonderful method of comparing inter-year numbers. Photographs also provide a 
permanent record of the exact location, changes in the cliff or slopes (e.g., following 
landslides, or increase/decrease in vegetation).

Inaccessible sections of coastline are particularly difficult to monitor, and may only be 
viewed by boat. In such cases observers should make what visible counts are possible 
(see ‘when to count’, below), but also mark AON or CNP on portable black and white 
photographs. We recommend black and white photographs as these typically provide 
greater contrast. This is particularly useful when looking at large areas of uniform rock or 
grass slope, and makes it easier to locate on the picture what you are seeing in the field.

This type of record keeping can be integrated with Global Information Systems (GIS), 
and is a useful tool for managers and legislators to show changes in the distribution of 
bird landuse. Photographic recording of bird distribution is not only useful for field work, 
but also forms part of the baseline information for each location (island). A photographic 
record of AONs and CNPs can also form the basis for more sophisticated analysis of 
nest site characteristics, anti-predator monitoring and management. A ‘picture speaks a 
thousand words’, and routine photography of used and non-used areas of coastline, can 
in itself provide a permanent and useful basis for tropicbird monitoring.

A small entrance hole with a relatively large bird inside - caution and care is required to remove the bird without 
causing damage or undue disturbance. Photograph by H. Madden, STENAPA



10 DCNA - Monitoring Tropicbirds

When to Count and Timing of Breeding?

The optimal period for surveys for either white-tailed tropicbird (WTTR) or red-billed 
tropicbird (RBTR), will currently (pending changes associated with climate change that 
might influence food distribution) be between the months of November and August. 
This is an extraordinary long period. This prolonged period is due to the fact that both 
of these species are asynchronous nesters (i.e., they do not all nest at the same time). 

Differences in the timing of egg-laying may be due to the age and experience of 
either bird in the pair. In general, older and more experienced birds tend to initiate 
egg-laying relatively early in the season. Conversely, younger and less experienced 
birds tend to commence egg-laying later in the season. Some birds may be feeding in 
areas with a different level of food abundance. Indeed, food availability may change 
annually and also contribute to the variability in the timing of egg-laying between 
seasons (years). 

Given such a prolonged nesting season, one may need to rationalize when one 
conducts the field work. Probably one of the most useful things to understand is the 
approximate median egg-laying date. For asynchronous species such as tropicbirds, it 
may be practical to ignore the first 10% and the last 10% of egg-laying attempts. The 
median egg-laying date is then calculated from the middle 80% of egg-laying. The 
practical implication here is that it is not necessary to be counting nests and flying 
birds between November and August. Remember, we are after an index of population 
change or stability. This does not require that we count every bird, every nest or watch 
every egg or chick.

We would propose that effort is focused on tropicbirds during February, March and 
April. In each month we would suggest at least one complete island survey from the 
sea. This should include, black and white photographs (or computer images), that can 
be marked with AONs or possibly CNP for the entire coastline. This information will 
map the distribution of nesting attempts and may show changes and expansion over 
time. 

During these same three months, February, March and April, we recommend two 
peak counts (see below) of individual flying birds at three different colonies (locations) 
spread around the island. Where possible these three colonies should involve at least 
ten AONs or CNPs. The two peak counts should obviously fit into the overall work 
schedule, but where possible, separated by at least ten days between counts in any 
one month.
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Proposed level of Effort for Boat and ‘Peak Individual Fly Counts’

Month Coastline 
(boat) survey Colony 1 Colony 2 Colony 3

February 1 2 peak counts 2 peak counts 2 peak counts

March 1 2 peak counts 2 peak counts 2 peak counts

April 1 2 peak counts 2 peak counts 2 peak counts

During our tropicbird field-course we discovered a marked diurnal pattern of at-
tendance. Subsequent observations have suggested that this pattern of attendance 
has remained constant between colonies, and within and between years. Conse-
quently, we recommend that the (peak) Individual Bird Count (IBC) be conducted 
between 3pm and 5:30pm i.e., over a 2.5 hour period. Field sheets are provided in the 
appendix, and we recommend that birds are counted as the peak number within a 
five-minute period.

Conduct Individual Bird Counts (IBC), ‘peak’ counts, between 3pm – 5:30pm

	  Diurnal attendance pattern for tropicbirds at two locations on
Saba, February 24th 2011
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Selecting Study Colonies and Focal Nests

Selecting study colonies is not easy. Study colonies need to be representative, and 
thus focusing on one colony will not be sufficient. The chance that this one colony is 
representative of the entire island population is unlikely. Consequently, at least two, 
ideally three, colonies are needed to provide some idea of the range of factors you are 
measuring. However, this also has to be practical and has to fit into the overall work 
schedule of the park. Thus, although it would be great if one could monitor colonies 
at distant points around the island, time and access constraints may limit the most 
desirable monitoring program. 

We will define a colony as being at least ten (10) nesting pairs of tropicbirds. Of course, 
just two pairs, might be defined as a colony, but there’s little point in expanding 
considerable effort for such a small return of data. ‘Ten’ is somewhat an arbitrary number, 
but experience suggest this may be a number that represents a compromise between 
the data collected and the time needed to collect it. Of course if there are more nests 
in the area, and time permits, then the extra nest data would be useful. However, it is 
important that the sample nests are chosen randomly. Why? Well, it’s quite likely that 
any predator is going to focus on what is easy for them. Thus, if you chose to monitor 
nests close to a path or near to your access point, then its likely that these may be easy 
access to the predator. In such circumstances you will be monitoring easily predated 
nest which may not be representative of the entire area or colony.

How do I choose random nests? Again, this is not as easy as one might think, but 
we will try to make it easy. One thing you could do is to use your boat survey 
photographs to note the position of all AONs and CNPs in your study area (colony). 
You could assign numbers to each of these and then randomly pick ten (or 
more) numbers out of a hat. This is simple. However, this might randomly select 
(by complete chance), all those nests nearest the path or close to the access point 
i.e., what we were trying to avoid. Yes, it was random, but it may have randomly 
ended-up with a biased sample. When selecting plots randomly, it is always useful 
to select a few extra plots just in case (and retain details for future reference). Then, 
if one of the selected plots is found to be unusable, it can be replaced by the next 
randomly selected plot in sequence, to maintain adequate sample sizes. Once a 
random sampling scheme has been established, it is possible to compensate for 
major expansion of breeding tropicbirds beyond the previously defined boundaries 
of a colony. Without such compensation, rates of population change detected by 
existing plots may no longer be valid. In such cases, a suitable approach would be to 
treat the ‘new’ breeding area as a separate subcolony and to allocate sample plots in 
proportion to its relative area (stratified random sampling). 
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To try and avoid this ‘random bias’ we could implement what’s known as ‘stratified 
random’. 

Let’s suppose your colony stretches from near to the sea up to 300 feet above the 
sea line. Let us also suppose that your colony is a smooth grass slope with nest holes 
lower down, and large boulders near the top. In such an example, you might wish to 
have some nests low down (possibly within the ‘easy’ range of predators), and some 
further up the slope and amongst the boulders (possible away from predators). 

In this example, you may say that I want 50% of nests lower down and 50% of nests 
higher up the slope. Within each area, you would still randomly select your nests, 
perhaps as suggested earlier, but you have stratified your sampling to ensure that you 
have more locations of study sites. There are many ways to obtain randomly selected 
sites and a full protocol on sampling strategy is beyond the scope of this document 
(there are many books and papers written on just this important topic, and many 
articles online). Suffice to say, it is important that the study nests are not going to bias 
the data and provide an unrepresentative sample from your colony. 

Another approach is to use systematic sampling of a colony, whereby study-plots or 
quadrats are placed at fixed, regular intervals throughout a colony. In this technique, 
plots / quadrats may be placed, for example, either along transect lines criss-crossing 
(or radiating from the centre of ) a colony, or the colony is divided into grid-squares of 
equal size, with plots positioned at the centre-points of the squares. (Preferably, the 
origin or starting point, from which fixed positions are measured, would be chosen 
randomly. Other advantages of systematic sampling are that it is easier and quicker to 
carry out than random selecting, and that it can provide information on colony-extent 
at the same time as nest- or burrow-densities are being assessed. 

It is important to get this right, as you may be extrapolating your findings at this 
colony to other parts of the island. Thus if your results are biased at your study colony, 
then you will be extrapolating bias elsewhere. Not good, and a serious impediment 
to population monitoring, and conservation management. It is important to spend a 
little time thinking about this issue, and certainly it is better to do it before you set-up 
rather than try to correct for biases afterwards. 

In addition to your study nests, where you will record productivity etc., you should 
also mark an additional number of nests (if they are present and readily available). 
These will be your ‘control’ nests. Having control nests is important, as you want to 
know how your study or focal nests compare to others. For example, it may be that 
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the study nests are followed by predators. Predators are SMART. Regular visits to nests 
may leave marks or signs that lead predators to investigate and see what is going on. 
Thus, your activity may inadvertently attract predators to the very nests you wish to 
monitor and protect. Unfortunately, as a naive teenage bird observer I learned this 
the hard way. I was studying Lapwing (a beautiful farmland bird) nests in a farmer’s 
meadow near my house. Each day, I would go out and check the nests before I went 
to school. I noticed crows flying around, and one by one each nest was predated. To 
confirm the identity of the predator I formed some dummy eggs using plasticine (a 
soft clay-like substance), and painted them to look like real eggs. I then repeated by 
nest monitoring activity, but went from artificial nest to artificial nest just like I had 
with the real Lapwing nests. Sure enough, each of the eggs had been attacked by the 
crows, and their beak-print was left in the soft plasticine. The eggs were too heavy for 
them to carry away, and they soon realized it was no good. A hard lesson to learn. So 
beware, your presence in the colony may assist predators to locate eggs and/or chicks. 
We suspect that cats may be one of the potential predators, and they are supreme 
hunters, and quite able to watch our activities. 

By marking additional nests that you will not monitor intensively, we will have some 
measure of how representative your nests are. The additional nests can be viewed 
periodically and less intensively than the ‘focal’ nests. Ultimately a comparison of 
nesting success (% eggs that fledge a chick) between monitored and less frequently 
monitored nests will provide some measure of our own presence on nesting success. 

Red-billed tropicbird soaring over Oranjestad, St. Eustatius. Photograph by B.S. & R.D. Kirkby
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What to Measure at Nests

The mere presence of a nest or nesting attempt is useful information. Usually (but 
not always) a nesting attempt will mean that a pair has been formed and there is an 
intention to breed. We do not know if there are a limited number of nests sites, and 
if there is, this may be a cause for nest-site competition between birds. For species 
where this happens, it is usually the older and more experienced birds that obtain 
the best and/or the availability nest sites. Thus, recording the number of nesting 
attempts – this may involve AONs and CNPs, - is a useful inter-colony and inter-year 
measurement. Remember this is nesting attempts and does not indicate any 
measure of success. But is nevertheless a measure of the number of birds in your 
sample colony attempting to breed.

The status of a nest site may include the following; Empty, Egg, Chick, One Adult, Two 
Adults, Unknown, Not Observed. The status should be recorded on each visit. It is 
important that you complete an entry for each visit. You may for example have limited 
time to check all the nests and thus you do not record the status for a particular 
nest(s). In such circumstances, you may forget the status when you get back to the 
office. ‘Unknown’ is not the same as ‘Not observed’ or ‘Empty’. ‘Empty’ means that the 
nest was checked and was empty. ‘Unknown’ means the nest was checked but there 
may be a chick hiding at the back as evidenced by the fresh ‘white’ within the nest 
cavity. It is important to get nest status correct. 

A look inside a nest. Photograph by B.S. & R.D. Kirkby
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Marking Nests

Hopefully you have made a permanent photomap of your colony but you now have 
to mark your study nests and the ‘control’ nests. You can use any permanent material 
such as plastic or metal that will hold a permanent number or alphanumeric code. 
However, beware some plastic will degrade with exposure to ultra-violet sunlight. 
Metals will corrode and thus metal markers should be made of aluminium. Keep 
any codes simple. For example it is often helpful for the observer to have an easy 
alphanumeric code, such as A001, A002 etc., where the letter could be the colony 
code. This makes data storage easier and allows the information to be linked to this 
simple 4 character alphanumeric code. Always mark your nest, or check the nest 
number, at the beginning of your visit. It’s too easy to collect other data and then 
remember afterwards that you never actually marked the nest. 

Most importantly the markers should be easy to find, but not so easy to attract other 
humans or predators. It is often a good idea to establish a routine, for example, always 
place the marker four meters from the nest on the seaward side. By placing the nest 
marker directly next to the nest you may attract predators and this should be avoided. 
Additionally, if you place the marker too close to the nesting bird, it may become 
agitated and in a worse case, desert the nest. Whatever type of marker you use, try to 
ensure that it does not wave around in the wind, as again this may attract unwanted 
visitors and/or scare an adult. 

Additionally, technology can be useful by marking each nest using a Global 
Positioning System (GPS). This will assist in conservation management and is a useful 
tool to show AONs, CNPs. Each of these classifications could be coded to show 
successful and unsuccessful nests, and this in turn is a useful visual representation of 
your data for yourself, conservation management, education outreach and legislators.

Temporary nest marker (better to use aluminium numbered tags) Photograph by H. Madden, STENAPA
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Measures of Breeding Success

There’s no doubt that the second most important information that is needed is some 
measure of breeding success or productivity. Knowing the population estimate 
or trend is important but without some measure of nesting success, the picture is 
incomplete. Tropicbirds are long-lived birds (probably in excess of 23 years), and 
thus their presence, even in ‘good’ numbers may be missleading. If they have poor 
breeding success, it may be many years before the problem is detected as the birds 
may continue to attend the colony. As the birds age, there will be no younger birds to 
replace them, and we might see a sudden crash in numbers as the old birds die. 

But what do we mean by nesting success? The terms are a little confusing and we will 
explain them here. Productivity is a general term for the number of young produced. 
Typically, the term productivity is used with less detailed information. This may include 
the average number of chicks per colony, or per nesting pairs. Let’s assume we have 
a colony with 20 confirmed pairs that manage to fledge 10 young from the colony. 
In this example, the productivity would be 0.5 chicks per pair. Now let’s assume that 
in the following year there are again 20 pairs, and all of them raise (fledge) one chick. 
Then the productivity would be 1.0 chicks per pair.

To obtain this information you would not necessarily have to conduct detailed visits 
after you have confirmed the number of nesting pairs or even AONs. You could for 
example express the same information as 0.5 chicks per AON or 1.0 chick per CNP. You 
could obtain this information by counting the number of recently flying young birds, 
and relate this to the assumed or known number of pairs. This is obviously a crude 
estimate, but it is better than nothing. 

For those colonies where access is difficult, you could make some assumptions to 
obtain your estimate. Let us assume your maximum individual count (IBC) was 60 
individuals. If we also had counts of the number of flying young we could relate that 
number to the IBC. Let’s assume we counted 20 flying young birds. In this example, 
the productivity of this colony would be 20/60 or 0.33 chicks per bird. Alternatively, 
you might assume (probably wrongly) that the 60 individuals represented 30 pairs. In 
this case, the 20 flying young would represent a productivity of 0.66 young per pair. 
You can see how one can make assumptions and come up with some data, but it is 
important to recognize that the underlying assumptions may be flawed. Nevertheless, 
Productivity estimates are useful, albeit crude measure of success.

Breeding success is a more detailed measure but typically requires more visits and 
greater precision. Typically, breeding success is expressed as the percentage of the 
eggs that were laid that fledged a young bird. Thus in a colony of 20 CNP, 10 fledged 
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birds would represent 50% breeding success (10/20 *100) and 18 fledged birds in the 
same colony would equate to 18/20 *100 = 90%.

To obtain a measure of breeding success you would need to know exactly how many 
eggs were laid, and how successful they were. This is not always easy in cavity nesting 
seabirds, and explains why Productivity estimates are often used. Even access and/
or timing and resources do not allow the level of detail required for breeding success, 
then a useful alternative is hatching success. Hatching success is the proportion 
of laid eggs that subsequently hatch. Thus, if 20 eggs were laid and 15 of these hatch, 
the hatching success would be 75% (15/20*100). Hatching success is a very useful 
measure and is often used interchangeably with ‘nesting success’. Unfortunately, this is 
not quite correct as ‘nesting success’ is itself a useful measure. Nesting success can also 
be used to indicate the proportion of nests that raised at least one chick. Note that 
tropicbirds only lay one egg and thus in effect this would be the same as a measure of 
productivity in this species. However, for species that lay more than one egg, nesting 
success can be a measure of the number or proportion of nests that raise at least one 
chick.

So what should we measure? For the study colonies, it would be ideal if one could 
measure breeding success as this provides the most accurate measure. However, 
this may not be feasible or practical and one may need to go with less precise forms 
of success measures. To some extent what you measure will depend on the time, 
resources and practicality of measurement. Where possible it is best to be consistent 
with your method. Otherwise in years to come when others follow in your footsteps 
they will wonder why you have different success measures at different colonies and in 
different years. All this points to a persistent theme, and that is to think this through. 
Only you know what resources you have to undertake this monitoring, and you 
should spend time to consider the level of effort you can contribute each year.
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Other Measures

We have discussed how and when to count birds and then how to measure their 
success. But if we are visiting a nest there may be an opportunity to collect additional 
data. Note that this depends on the time and availability of resources and should be 
viewed as supplementary to the more critical population and productivity estimates 
discussed earlier. It should also be noted that these data may be more intrusive and 
thus may cause some level of disturbance or at worse desertion or loss of a breeding 
attempt. Consequently, the following topics should not be taken without careful 
thought, and possibly more training and/or supervision by experienced observers. 

As enjoyable as such detailed work may be, one should remember that these are 
wild birds and disturbance should be kept to a minimum and there should be a 
specific aim and need for the data or it should not be done. In general a nest visit 
should be as short as possible and no longer than 20 minutes. It may be necessary to 
abandon the nest visit if attending or returning adults become agitated and clearly 
stressed. Remember, you have a responsibility to minimize stress to the birds and 
your presence, no matter how well intended, may have a negative effect. Knowing 
how birds are reacting to your presence does come with experience. Therefore the 
beginner should exercise extreme caution if conducting some of the listed activities 
without the benefit of training and/or the presence of more experienced observers. 
We cannot over-stress the importance of these cautions. 

Camera Surveillance: the advance of automated camera technology has been dramatic 
and provides a wonderful opportunity to collect valuable information. Cameras should use 
infra-red technology, to facilitate 24-hour use, and not require a flash that would disturb 
prospecting or incubating birds. Where possible cameras should have large capacity 
memory cards which will help to reduce observer visits to download data. 

Infra-red surveillance photograph captures a feral cat entering occupied Tropicbird nest.
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Cameras should be waterproof, with long-life batteries and/or linked to data-loggers. 
Some cameras are complex devices and thus easy to use, and operate with low 
maintenance are important considerations. Cameras can be used to identify adult 
attendance patterns, breeding success, food - type, size and frequency, predator – 
type, frequency, actions, and distribution. 

When placing cameras beware not to block access to the nest cavity, or be so close to 
the nest (egg) that this would disturb an adult. The cameras should be securely fixed 
so they do not move around in the wind or possibly displaced by an adult bird.
 
Individually Marked Birds: Bird Ringing or Banding: Having individually marked birds is 
an important tool to understand nest site fidelity, juvenile and adult survivorship, age 
of first breeding, inter-nest or colony movement, individual growth and development, 
population structure, and many other useful and interesting biological facets of the 
bird’s lives. However, bird banding or ringing is a skilled task requiring training and 
experience. The use of individually numbered bands can be restricted to young birds 
and as a means to monitor chick growth etc. In such circumstances it is possible 
to use relatively easily obtained bands from the captive bird trade. However, if the 
object is to study individual birds over a longer period of time, and learn more of 
their movements away from the colony or island, then person must be trained and 
qualified. Unless the island’s are to establish their own bird band/ringing program 
it is likely that bands would be obtained through the US Bird Banding Laboratory 
administered through the US Geology Service (USGS). Bands form the USGS are only 
issued to qualified and experienced bird banders and strict reporting requirements 
are upheld. Nevertheless, this is a possibility for the islands, and is currently underway 
with the author of this document.

Other methods to individual mark or recognize birds, include non-toxic and 
temporary dyes (usually administered on different parts of the body to facilitate 
individual recognition), special alpha-numeric wing flags, that are visible when birds 
in flight. Additional but less useful methods for these species include leg flags, and tail 
markers.

Satellite technology is becoming miniaturized and the possibility exists that one 
might use satellite tracking devices on tropicbirds. This has the advantage of providing 
wonderful information on where they feed, how far they travel etc, which may be 
useful for their conservation management. Unfortunately, this technology is not 
cheap and the purchase of transmitters and most significantly the downloaded data 
can cost between $1,500-2,500 per bird, per year. 



21DCNA -  Monitoring Tropicbirds

Timing of Egg-laying and Date of Hatching

It is often useful to know both when an egg has been laid and when it is likely to hatch. 
The timing of egg-laying is a useful measure often used as a comparison within and 
between colonies and seasons (years). Knowing when the egg will hatch also has a 
practical and useful function in guiding the observer to when it would be best to re-visit 
and check hatching success. The table below shows how eggs floated in water react 
differently depending on the stage or time of their development. These time estimates 
are definitely approximate but they are a useful guide to the status of the egg. 

When conducting this assessment, be careful to note exactly the position of the egg 
so it can be replaced back at the exact spot. Handle the egg carefully and gently place 
it in the fresh-water container (see photograph in the appendix). Use the position of 
the egg to estimate the approximate age in days and hence the estimated days to 
hatching. See the table below for the estimated length of the incubation and chick-
rearing period in tropicbirds.

Timing of breeding  Range (d) Average (d)

Incubation period 44 - 45 43

Chick rearing period 80 - 90 85

Egg measurements to calculate ‘egg volume index’ EVI = (egg length X egg bredth^2)/1000
Photograph by H. Madden, STENAPA
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Egg
position Stage Angle to 

Horizontal Position Approximate
Age (days)

Approximate 
days to 

hatching

1 0 - 90 on bottom 0 - 6 37 - 43

2 10 - 44 on bottom 7 - 13 30 - 36

3 45 - 79 on bottom 14 - 20 23 - 29

4 80 - 90 on bottom 21 - 27 16 - 22

5 90 at surface 28 - 34 9 - 15

6 60 - 90 above surface 35 - 41 2 - 8

7 < 60 above surface 42 +
1 - 4 

Call the nurse

Estimation of Incubation Time by Egg Position
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Egg measures 

Typically, egg size in birds is a useful measure of female quality and their ability 
to obtain sufficient food and form an egg. Inter-colony and inter-year variation in 
egg size thus provides a useful measure of possible hatching success. Larger eggs 
tend to have a relatively large yolk which sustains the chick during the first few 
days of development and typically is associated with faster and higher growth and 
development. Conversely, a relatively smaller egg suggests a less well provisioned 
female, who may have had more trouble finding sufficient food to form an egg. 

It is important to note that egg size may also be influenced by female age and 
experience as older birds tend to produce relatively larger eggs. Moreover, as we have 
mentioned earlier, birds that initiate nesting earlier in the season tend to be older and 
more experienced birds, and also tend to lay relatively larger eggs. Egg size is thus 
a useful indirect tool and helps to explain the condition of the female and its chick 
based on the food availability during egg formation. The subsequent growth of the 
chick is in part determined by the size of its yolk sack, and also the rate and quality of 
its food (see below). 

To measure the egg, remove it carefully from the nest scrape, and as above, remember 
the exact spot where it must be returned. Using vernier calipers measure the length 
and breadth of the egg to the nearest millimeter. Egg size is usually expressed using 
an Egg Volume Index (EVI). To calculate the EVI the following expression is used 
(LxB^2)/1000, where L= length, B=Breadth or Width, and ^2 indicates the square of B.

Thus an egg with a length of 54.7 and a breadth (width) of 45.8 would have an EVI of 114.7.

Egg floatation - note marked container to facilitate easier view of egg angle and depth.
Photograph by H. Madden, STENAPA
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Biometrics

Body measurements in birds can be used as a means to separate male and females and 
the age of an individual. However, an accurate measurement requires care and practice. 
In general this activity is not recommended without appropriate training, as the action 
may cause stress and possible injury if not conducted correctly. Following appropriate 
training by an experienced observer, the measurement data can provide important 
insights into chick growth and development. Adult body measurement may be used to 
assess the condition and how this varies within and between colonies and years.

Measuring the ‘total head’ (bill tip to back of head’) 
in a RBTR chick. Photograph by M. Boeken

Measuring the ‘culmen’ (bill-tip to where the top of 
the bill meet the skull). Photograph by M. Boeken

Preparing to measure the ‘gonys’ - the deepest 
part of the bill. Photograph by M. Boeken

Measuring the ‘total head’ (bill tip to back of head’) 
in an adult. Photograph by M. Boeken
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Attendance Patterns

Adult attendance patterns provide a useful indirect measure of food availability. If we 
assume there is a benefit to being at the colony and establish and protect a nest site, 
and also to protect an egg or chick then the proportion of time spent at the colony 
is probably a measure of an individual’s ability to obtain food. Our rationale would 
be that an individual that was able to sustain it and feed its chick, would have an 
incentive to stay at the colony in order to protect its investment. Thus, attendance 
patterns may provide a useful indication of parental quality and relative food 
availability both within and between years. Infra-red cameras can be used to collect 
these data and their subsequent analysis can yield useful within- and between colony 
and inter-year variation in relative food availability.

Tropicbird flying overhead. Photograph by B.S. & R.D. Kirkby
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Feeding Ecology

Obtaining information on tropicbird diet, such as food type/species, food size, 
frequency of delivery and delivery success, can aid the understanding of chick 
growth (above), and the way this may vary from colony to colony and year to year. 
An understanding of the basic food ecology, i.e., the species brought to the chick 
and the rate at which it is fed, will help explain differences in breeding success 
and subsequent survival of the chicks and possible recruitment to the breeding 
population. Cameras can be used to obtain these data and the identity of the fish or 
squid can often be obtained. By comparing the length of the fish to the known length 
of the adults bill it is also possible to build an understanding of the size of fish brought 
to the chicks and how this may vary over time.

Additional feeding ecology information can be collected after the nesting season, by 
the careful removal of the dirt and debris at the base of the nest site. Fish fed to chicks 
will almost entirely be consumed by the chick. However, small body fragments called 
otiliths will be excreted by the chick and subsequently collected and analyzed. Each 
fish species has its own size and shape of otilith and thus it is possible to identify the 
fish species and size of fish fed to chicks. This provides a fascinating way to understand 
the diet of young birds (larger chicks wander around the nest and surrounding area, 
and thus the otiliths are more difficult to find), and might be a project to introduce to 
school children as part of an education out-reach. 

 It is beyond the scope of this document to expand upon these studies, but there 
are numerous other studies that could be conducted that would shed important 
information on this crucial part of tropicbird biology. 
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Analysis and Statistics

The methods described often require the calculation of means, standard errors, and/
or standard deviations, if results are to be presented in a standard way in reports 
or if assessments of the statistical significance of differences or trends are needed. 
A scientific calculator is very useful for basic calculations, while various statistical 
packages available on computer allow more detailed or rapid calculations, particularly 
within EXCEL. When these data can be integrated with GIS this becomes a powerful 
tool for conservation management, and public outreach. 

Mean, standard deviation, standard error, and confidence limits. Standard 
deviation (SD) is a measure of the variability shown by a set of data, for example 
counts of tropicbirds in a study-plot in a particular year. It describes how tightly results 
from different plots or different counts are grouped around the mean. If all values 
are very similar to the mean for the population, the standard deviation will be low; 
if individual values are highly variable, the standard deviation will be high. Standard 
error (SE), properly termed the standard error of the mean, is a measure of the chance 
that the mean of a particular sample will be much bigger or smaller than the mean of 
the whole population. Standard error is calculated by dividing the standard deviation 
by the square root of the sample size (e.g. number of counts). In effect, the standard 
error indicates what degree of trust we can place in the sample mean. For example, a 
low standard deviation, based on counts of a study-plot on five separate days in June, 
might suggest that there was little daily variation in birds numbers in that plot. The 
same standard deviation, derived from ten counts (thus a smaller sample error), would 
be a more reliable indication that variability was low. The standard error can be used 
to place confidence limits on the mean. 



Safety 

Tropicbirds breed in remote locations, on cliffs, steep slopes or offshore islands. The 
safety of observers is of paramount importance, and may require deviations from ideal 
best practice. Most safety rules are common sense. If in doubt as to the safety of a 
particular action, always err on the side of caution. In particular, avoid choosing study-
plots that cannot be observed from a safe vantage point and avoid entering areas 
of the colony where the ground crumbles underfoot, particularly near cliff edges. Be 
aware that some vantage points may become unsafe during windier conditions or 
if the ground is wet. If working alone, leave a detailed note with someone regarding 
your intended movements, including planned start and finishing times. Wear boots or 
other stout footwear with a good tread on the sole, although walking on wet rocks or 
vegetation may still be dangerous. Avoid being in a tropicbird colony at night. 
If cliff descent is essential (which is rare), obtain appropriate training in use of a rope 
and other safety equipment and never climb alone. Careful judgement is required 
where a vantage point can only be reached by descending a grassy or other slope; a 
safety rope, and other precautions, may be needed. Wear (or carry) adequate clothing 
to protect against the sun and/or wet. Inclement conditions produce poor quality 
records anyway, so if the weather is bad it is usually best to stop work and wait for 
better conditions. This applies even more so if fieldwork involves disturbing tropicbirds 
at their nest-sites. 

Boats carry their own risks with the main risk being exposure and falling overboard. 
The boat itself should be operated by an experienced, trained boat-handler, and 
single-handed counts from a boat should never be attempted. Preferably, have a 
minimum of three people: boatman, counter, and an extra recorder. Life jackets should 
be worn at all times, with clothing for the conditions. Take safety flares, a compass, 
ropes, and any other equipment potentially of use in an emergency. There is little 
point in trying to make counts other than in calm weather, but if caught in rough seas 
a safety line connecting each passenger to the boat (as short a length as practical) is 
advisable. Leave word of your route and when you expect to return. 
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Birds and Disease 

The common seabird tick, Ixodes uriae, has been found to carry Lyme disease and may 
be encountered by fieldworkers at colonies. Be aware of this potential nuisance and 
seek proper attention if you find ticks following a visit to a tropicbird colony. If bitten, 
remove the tick with care as soon as possible. (The mouthparts may remain, but it is 
better to risk this than the disease.) If, later, you get flu-like symptoms (usually but not 
always preceded by a red, ring-shaped rash around the bite), it is important that you 
get medical attention. Without such treatment, severe symptoms may follow. We are 
not aware of any connection between seabirds, and tropicbirds in particular, avian flu, 
avian malaria and any other diseases carried by birds. But be vigilant. 

Examining an adult wing - looking for ‘mallophaga’ - feather parasites. Photograph by M. Boeken
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Individual Count Sheet & AOT

Date: GPS Lat: GPS: Long Sheet_____ of _____

Location Position Observer
Initials Time Flying

In
Flying

Out
Flying
Local

Total
Flying

On 
Ground
Visible

On 
Ground

Obscured

Estimated 
Total

Individuals
AOT Probable 

Pairs Notes



35DCNA -  Monitoring Tropicbirds

Individual Count Sheet & AOT

Date: GPS Lat: GPS: Long Sheet_____ of _____

Location Position Observer
Initials Time Flying

In
Flying

Out
Flying
Local

Total
Flying

On 
Ground
Visible

On 
Ground

Obscured

Estimated 
Total

Individuals
AOT Probable 

Pairs Notes
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Chick Growth Summary

Species Nest # Chick Age (d) 
[E=estimated]

Chick 
mass (g)

Tarsus 
(mm)

Culmen 
(mm)

Gonys
(mm)

Head-Bill
(mm)

Chcik 
Wing 
(mm)

Notes
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Chick Growth Summary

Species Nest # Chick Age (d) 
[E=estimated]

Chick 
mass (g)

Tarsus 
(mm)

Culmen 
(mm)

Gonys
(mm)

Head-Bill
(mm)

Chcik 
Wing 
(mm)

Notes
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Individual Nest Sheet

Species Location Nest No. Marker 
Colour Chick Ring Adult Ring Adult Ring

  Notes Sheet_____ of _____

Date
(dd/mm/yyyy)

Observer 
Initials

Egg L (mm)
Egg W
(mm)

EVI (L*Bˆ2) Egg Mass (g) Egg Float 
Stage

Estimated 
Egg Age 

(Days)

Chick Age (d) 
[E=estimated]

Chick mass 
(g)

Tarsus 
(mm)

Culmen 
(mm)

Gonys
(mm)

Head-Bill
(mm)

E = Egg ok   XE = Egg broken / cracked       Mean Incubation = 43 (days)
H = Hatch day  XU = Egg failed to hatch       Chick-rearing period = 80 - 90 (days)
C = Chick ok  XM = Egg missing
CF = Chick probably fledged XC = Chick dead
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Individual Nest Sheet

Species Location Nest No. Marker 
Colour Chick Ring Adult Ring Adult Ring

  Notes Sheet_____ of _____

Date
(dd/mm/yyyy)

Observer 
Initials

Egg L (mm)
Egg W
(mm)

EVI (L*Bˆ2) Egg Mass (g) Egg Float 
Stage

Estimated 
Egg Age 

(Days)

Chick Age (d) 
[E=estimated]

Chick mass 
(g)

Tarsus 
(mm)

Culmen 
(mm)

Gonys
(mm)

Head-Bill
(mm)

E = Egg ok   XE = Egg broken / cracked       Mean Incubation = 43 (days)
H = Hatch day  XU = Egg failed to hatch       Chick-rearing period = 80 - 90 (days)
C = Chick ok  XM = Egg missing
CF = Chick probably fledged XC = Chick dead
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Egg position sheet

Egg
position Stage Angle to 

Horizontal Position Approximate
Age (days)

Approximate 
days to 

hatching

1 0 - 90 on bottom 0 - 6 37 - 43

2 10 - 44 on bottom 7 - 13 30 - 36

3 45 - 79 on bottom 14 - 20 23 - 29

4 80 - 90 on bottom 21 - 27 16 - 22

5 90 at surface 28 - 34 9 - 15

6 60 - 90 above surface 35 - 41 2 - 8

7 < 60 above surface 42 +
1 - 4 

Call the nurse

Estimation of Incubation Time by Egg Position
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Timing of breeding  Range (d) Average (d)

Incubation period 44 - 45 43

Chick rearing period 80 - 90 85
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Holding and preparing to examine and band an adult red-billed tropicbird. Photograph by M. Boeken

Photographs

Gently pulling the tarsus (leg) away from the birds body for banding/ringing. Photograph by M. Boeken
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A banded/ringed tropicbird. Photograph by M. Boeken

Imobilizing the head for measurement. Photograph by M. Boeken
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Access can be difficult. Its helpful to work in pairs in order to ‘hand-off’ the bird. Photograph by H. Madden, STENAPA

Note ‘alert’ adult posture - head-up, feathers ‘roused’, carpal joint (bend of wing) exposed. Photograph by M. Boeken
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If egg or chicks are measured and an adult is present, hold the adult and then return the adult - holding it gently 
in posiiton - next to the egg or chick. Photograph by H. Madden, STENAPA

Notes
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Notes
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