A Study to Identify Bird Diversity on the Galapagos Islands and Migratory Status of Said Birds

For this bird survey I want to find out some key information about the birds that are native to the Galapagos islands as well as the species of bird that migrate there on a yearly basis and the overall diversity makeup of the Islands. These Islands are world-renown for their high levels of biodiversity but are in a part of the world that is likely disproportionally affected by the changing global climate (Abzhanov, 2010), so surveying this area would bring back very interesting data.
The Galapagos Islands consist of 18 mains islands, 3 smaller Islands and 107 Islets, located 600 miles due West of Ecuador along the equator (BARLOW, 1935) and part of the South American continent. The islands are a host to more aquatic and land based species of flora and fauna than anywhere in the world (Bowman and Billeb, 1966). The Islands have a subtropical climate that is regulated by the warm El Nino current and cold Humboldt current. Temperatures rarely go above 23C in the daytime on land and ocean temperatures range from 15C to 21C throughout the islands (Dueñas, Jiménez-Uzcátegui and Bosker, 2021).
However, the Galapagos Islands are at very high risk from rising sea levels and a changing climate (Gibbs, Snell and Causton, 1999) so it is possible that, in recent years, the diversity of species (Grant, 2001) there has changed drastically.  To find out this information I have come up with 3 research questions to follow up on to create a profile from which I can come up with some conclusions:
1. How many diverse species of bird live on the Islands and which species are most dominant/highest quantity?
2. Has the diversity of the location changed over time, which species have been affected the most and which external factors have driven this change, if any? 
3. What percentage of species are migratory and what features of the Islands make it a desirable location for migration, if any?
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Figure 1, Map of the Galapagos Islands, 2002, OrangeSmile.com





Due to the size of the Islands it would only be feasible to survey 1 of the larger Islands, such as Isla Isabela, or 2-3 smaller Islands like Isla Santiago, Rabida and Pinzon. Surveying more than these few sites would take a very long time and would require a lot more resources to travel to but would give us a much more complete picture of the biodiversity in this part of the world and would make comparisons between past and current data a lot clearer.
My hypothesis at this time is that biodiversity has likely dropped a considerable amount, especially in the past few years as we have seen record-breaking ocean temperatures and are now closer to +1.5C from pre-industrial levels than ever before. As such, I have created a graph and table of data that shows the trend I expect to see when carrying out this survey:
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Having now picked a location for the survey to take place, the Galapagos Islands, we need to determine which of the sampling methods would be appropriate for the survey. There are two types of surveying methods, passive and non-passive, but I will be looking specifically at the pros and cons of passive sampling and seeing which of them is suitable for my survey (Harris, 2009). Passive sampling methods have multiple advantages over non-passive methods as they tend to be cheaper, provide more data in a shorter period of time, don’t require specific qualifications for participants to be involved and they also don’t require any specific licenses, ethical approvals or other legislation considerations as they are mostly hands off approaches.
There are five types of passive sampling methods, the first is indirectly counting species by looking for traces of activity and birds nests. Known as fieldsigns, footprints, nests, disturbed soil and scat can be used to count the number of individuals of a specific species in the area. We can also rake sand or fine soil in an area and leave it overnight to see if any birds walk through overnight. The footprints can then be examined to determine what species they came from (Grillo and Venora, 2011). The problem with this method is that it can be hard to determine the difference between two bird species using only their footprints. On top of that, the sand may be disturbed by the weather which may be especially a problem in coastal regions such as the Galapagos Islands. Bird droppings can also be collected to determine the types of food that birds in the area eat which could be a key factor when discussing biodiversity changes in an area. It may also paint a picture of where the birds in the area are getting their foods.
The second passive sampling method is counting large groups of birds found in their colonies, flocks and roosts. Many bird species live, forage, breed or all three in groups as safety in numbers is a key survival technique of hunted animals, such as birds. This technique can be used to count the rough number of birds living in an area as well as what species they are based on what they are doing as a group and the pre-existing knowledge of how different species of bird behave. For example, we could do a group count of a colony to determine how many of a specific bird are breeding; A flock could be counted to determine how many birds are active in groups in the day; A roost could be observed and counted to determine how many birds are active in the night. By cross-referencing behavioural data about birds we could determine which species is where and how many sampling by counting how many and what they are doing: flocking, roosting or breeding. The main issue with this method is the fact it is very hard to count small moving objects that are far away, to counter this, photos could be taken but the method is relatively time consuming no matter how it is done.
The third method is territory mapping which, similarly to group counts, is also a behaviour based method. It is used exclusively during breeding season and targets one bird species at a time. As many bird species have exclusive breeding grounds, it is easy to camp out near these sites and count the number of birds. There is rarely an overlap in two species of bird’s breeding grounds which means any birds counted at one site can be group into an easy tally of a specific species. Again the issue with this method is that it is very time consuming but it is also very reliable due to the facts most birds are territorial about their breeding site. The location of the breeding sites themselves could also be useful data about the biodiversity in the future and act as a baseline for future comparisons.
The fourth possible passive method is point counting. Similar to group counts, point counts involve going to a pre-determined location, setting up, counting the number of individuals there are and what species they are (if possible) and then extrapolating those numbers to roughly estimate the total population size of each species as well as biodiversity of that area. The downside to this technique is that it requires multiple standardized counts in the same spot to get a data size that is accurate enough to make conclusions off of. Each count must be over the same geographical space, for the same length each time, at the same time of day and in the same season as each other. This method is good for determining the abundance of a specific species as well as the density of said species and it is easily repeatable due to easy GPS location tracking available with modern phones and it causes minimal disturbance of the species you are counting.
The final method we could use for this survey is area searches. Similar to point counting, area searches involve counting the number of a species in a specific area. However, this method is more active than point counting as it requires the observer to move and seek out individuals of the species they are counting and takes place over a larger geographical area than point counts. Commonly referred to as the 2ha search, area searches take place over a two hectare area and for roughly twenty minutes making them easily repeatable. This method provides higher certainty that all individuals have been counted but may disturb the bird species more than other techniques.
As well as passive techniques we could also use some of the seven non-passive techniques. Non-passive methods tend to be more expensive, require legal and ethical approval and often require the participants to be specially trained which may take several years to complete.
The first non-passive method is called playback which involves playing a bird call that the target bird will respond to and approach. This approach is good for tallying difficult to find birds but it is classed as an invasive method as we have to manipulate the targets behaviour in order to determine what and how many of them there are (Ridgely et al., n.d.). This method also requires a scientific investigation license which could be a barrier to usage. The other issue with this technique is that some birds may simply not respond to the calls so it must be repeated so that adequate amounts of data can be collected.
The next method is directly catching the birds we wish to tally and identify. The health of the birds is paramount when applying this method and so a lot of planning must be done before doing this. There is a lot of regional, national and international legislation surrounding this method meaning a lot of red tape must be processed before this can be done. Once captured, the birds can be identified and tagged and then released (Santiago-Alarcon et al., 2008). 
Mist netting is the name of the next possible sampling method. Mist netting involves using fine black nylon net that is hard to see and setting them up in birds flight paths (SWARTH, 1934). Once the bird flies into the next we can capture it quickly. The nets must be checked regularly and changed location often as birds learn to avoid traps and obstacles over time. As such this method requires training as participants must be able to quickly and safely remove the birds from the nets and then reset them afterwards.
Cannon netting is the non-passive version of a group count. A net is fired from a cannon at a flock of birds which traps them. Trained observers then take the net and put the birds in cages where they wait to be identified before being released. Whilst time efficient, cannon netting can cause fatal injury to the birds and requires approval from legislators before being done.
The fifth non-passive sampling method is using nooses and traps. Walk in cage traps, spring loaded traps and noose traps can be set up by trained trappers in order to capture many individuals over a period of time. Once captured, observers can take the birds from each trap to identify them and potentially tag them before being released back into the wild. This method allows us to get a detailed view of each individual captured but can cause harm to the birds if not handled properly.
Morphological data can also be used to identify captured birds. Once processed, the species, sex and age of each individual can be determined from observation as well as many other morphological data points. This data can be cross-referenced against already collected data to see if there are any matches (Weimerskirch et al., 2017). 
The final non-passive sampling method is marking and tagging. By marking or tagging captured birds we can collect live data from the over a long period of time or collect data at set intervals by following the tagged birds. Tags are aluminium rings that go around birds feet that area stamped with an ID number that is later used to determine the bird tagged. Tagged birds are targeted and recaptured over an extended period of time to determine long term data points about them. Some tags(PIT tags) are capable of relaying live GPS data and potentially even climate data such as temperature or humidity which may be useful when analysing where these birds nest. Marking is more primitive than tagging and simply requires marking each bird with a clear number or symbol on their feathers than can be seen using binoculars or cameras. These marked birds do not need to be recaptured and are observed at a distance to minimise disturbance. 

Transects:
Pros – Very popular among surveyors. Can be used for visual and auditory observations. Can be performed at daytime, frequently around dawn and dusk, or at nighttime (called spotlighting) using powerful torches to spot animals eyes reflecting it back. Can be walked or driven depending on the landscape and habitat abundance. Transects can be combined with point counts at each end or on route, known as point transects, which allows time efficient data collection. 
Cons – Walking or driving in a straight line through a transect could cause major disruption or damage to habitats along the route, a potential solution could be to use a drone to fly the length of the transect however this also causes noise pollution and exposed rotors could maim or kill birds that fly into it. Transect sampling can also be very time consuming and the accuracy of the results can be affected by the placement and spacing of the line and sampling points. It also isn’t very useful for certain species or habitats such as those that are highly mobile or difficult to detect. It also isn’t guaranteed to give us a complete picture of the biodiversity in an area as some species may be missed.
https://brainly.com/question/12838341 https://www.methodfinder.net/prosncons12.html
Distance sampling:
Pros – Allows us to collect data about an individual or habitat distance from our counting point or transect line. Allows us to extrapolate population density and abundance. It is easy to do and doesn’t have to be super accurate, can be placed into 10m categories. i.e. 0-10m, 10-20m etc.
Cons- Not 100% accurate as it is reliant on the observers ability to estimate distance. This lack of accuracy could negative affect data.
Aerial Surveys:
Pros- Form of transect method but over a much larger area. They are a lot more time efficient than doing it by foot or car. It can also be used in areas otherwise inaccessible or over the ocean. Observations are spoken and recorder into a Dictaphone so they can be accessed after the surveying. Allows us to count animals that can not be seen from the ground.
Cons- Hiring/buying a plane, even a small one, is very expensive. Running costs, fuel and maintenance are also very expensive. You have to be able to identify or at least describe your observations very quickly as the speed of the plane means you wont be able to see each individual for long. In a plane you will also be too high to see animals on the ground so this method will only work for large or high flying animals. You also need to make sure all observers in all planes have standardised counting techniques. Takes a lot of training to fly a plane.
Counting Migrants:
Pros- Variant of group count meaning it is easy and doesn’t require much training. Gives us data for no flocking birds which a lot of other techniques do not allow. Shows us the migratory bottleneck for each species. Very effective for counting larger species like raptors. 
Cons- Doesn’t tell us about flocking birds as it is only good for counting individuals. It is also only possible to do in areas where migratory birds fly through. Difficult to use for smaller species.
Of all these methods, transects and aerial surveys will be the most useful as the Galapagos Islands are very spread out and surrounded by ocean. Aerial surveys would also cut the time surveying the islands down to mere hours instead of days doing it on land. Counting migrants may also be useful in showing the exact routes migratory birds use to come and go from the islands.
My chosen survey design is to implement a transect grid over a square area over the islands and the coastal ocean zones around the islands. The islands span 45000km2 of ocean with roughly 7,880km2 of land mass. I would split this 45000km2 zone into 1km wide strips running North to South, the survey plane with 2 observers in could each observe 500m wide strips either side of the plane meaning the plane could aerially observe the entire zone in about 45 runs. On top of that I would use point transects with distance sampling to count the bird species that are not visible from the plane. During the aerial surveying we would hopefully see the migratory routes in and out of the island which would allow us to set up as many migrant counting spots as deemed necessary.
To do this I would likely need 3 separate data sheets. For the aerial survey I would use one that looked like this:
	Strip # (1-45)
	Species observed ID
	# of individuals
	Flocking?             

	1
2
3

	Raptor, pigeon
Seagull
Red pigeon
	2 , 5
4
7
	N, Y
Y
Y



For my land survey I would use this data sheet:
	Strip # (1-45) and site description
	Species observed ID
	# of individuals
	Distance (M)             

	1 - meadow
2 – tall grassland
3 - swamp

	Raptor, pigeon
Seagull
Red pigeon
	2 , 5
4
7
	10
40
35



And for my migrant count I would use a simpler data sheet:
	Gps location
	Species observed ID
	# of individuals
	Flocking?     Direction of                     flight        

	12133234
35235464
23534534

	Raptor, pigeon
Seagull
Red pigeon
	2 , 5
4
7
	N, Y                N
Y                     NW
Y                     NE



In conclusion, a bird survey conducted in this area would bring lots of important and valuable information about biodiversity on the Galapagos islands as well as a up to date image about migratory routes in and out of the islands as well as updated view on threats faced by species living there. This information can be compared to the data collected by Darwin during his data collecting phase of his theory of evolution, as he also went to the Galapagos islands to study biodiversity. 
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