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Preface

Birdwatching is the second most popular hobby in the Western world. There has also
been a large increase in the use of data gathered by amateur birdwatchers. Cunning
researchers have tapped backyard birders by asking them to complete various kinds of
bird surveys [1]. Christmas or Winter Bird Count Weeks, the Bird Nest Box Surveys,
Global Big Day, and Breeding Bird Atlases are all great ways to apply one’s knowledge
to collect data that can be used for broadscale, long-term trend analysis. The Cornell
Lab of Ornithology in the New World has a project called eBird (www.ebird.org)

and there are BirdLife International equals elsewhere (f.i. www.artobservasjoner.no;
www.artportalen.se; www.putni.lv; wwwitiira.fi, etc.). These are Internet tools in
which every birdwatcher can easily and quickly enter any bird into a database that can
be accessed by researchers and the general public. Birders can also access their bird
observations whenever they want, allowing them an easy way to look at their records
in different ways. A system like eBird makes it possible to answer your personal ques-
tions about what bird species you recorded and when and where you saw them [2]. In
eBird, every bird sighting represents a little data point in the big puzzle, in which we
try to understand the changes in bird distribution and populations [2].

However, citizen data have some possible biases, including uneven geographical
distributions of birdwatchers and habitat-biased observation efforts. Birdwatcher
motivations may also cause some unwanted influences as some observers report their
bird records stemming from general outdoor activities while other birders only visit
specific areas in search of rare species [3]. Therefore, citizen data must be evaluated
with caution and possible biases need to be identified [4].

We can safely use eBird and BirdLife International data to predict patterns of occur-
rence, such as irruptions [5, 6]. In Norway, the value of citizen data has been evaluated
when studying owl irruptions and it was concluded that citizen and survey data from
the same area gave similar results [7]. In addition, citizen data have the advantage that
large amounts of information are collected over wide areas [7]. However, often it is
necessary to remove the overlapping observations most likely concerning the same bird
reported by two or more observers. In countries where the species has to be reported to
the respective national rarities committee, the citizen data can be compared with the
officially accepted records and adjusted for those that remained undocumented [8].

In some studies, concern has been raised about people’s ability to identify bird
vocalizations 100 percent correctly, especially the often difficult voices. Therefore

it is a remarkable improvement that new mobile applications have been created to
identify singing species with your cellular phone. The world’s leading app for birds
is the American Merlin Bird ID, which helps you identify birds you see and hear.
Merlin is powered by eBird, the world’s largest database of bird sounds and sightings
[9]. In Finland, one of those applications is from the University of Jyviskyld and it
is said to identify 150 birds [9]. Finnish birdwatchers have concluded that artificial
intelligence is not replacing well-seasoned birdwatchers [10] but will surely help



those less experienced wanting to learn to identify bird voices. In America, users have
complained that sometimes the app takes more than one minute to load, and by then
the bird they wanted to identify is gone [9].

We should always remember that the goal of birding with a purpose is to protect the
birds themselves. The more people get excited about birds, the more people are likely
to protect birds. This book is devoted to bird conservation. Humans are just getting
back to normal after a devastating COVID-19 pandemic and now birds at least in
Europe are suffering from highly pathogenic H5N1 avian influenza. In this book, we
have the first warning from France where the virus has been killing gulls. The virus is
also present in Finland, but now the disease has mutated and affects fur farm animals.
Bird-mammal infection is an alarming sign and people are frightened that the virus
will mutate again in mammals and spread to human populations as COVID-19 did.
Personal hand hygiene and avoiding any direct contact with sick or dead birds and
mammals is a good precaution.

The book includes nine chapters dealing with agricultural influence, anthropogenic
noise, avian influenza, cholinesterase activity, ecology, feather structure, histology,
and conservation of birds all over the globe. I want to express my thanks to the Author
Service Manager and team leader Ivana Bara¢ at IntechOpen for her active and skillful
cooperation during the preparation and publication of this book.

Heimo Mikkola
University of Eastern Finland,
Kuopio, Finland
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Chapter1

Impact of Highly Pathogenic H5N1
Avian Influenza on Some Gull
Populations on the Coast of
Hauts-de-France (France)

Frangois Sueur

Abstract

In recent years, highly pathogenic H5N1 avian influenza has occasionally plagued
wild bird populations. For the first time in 2022, it was particularly virulent on the gull
populations of the Hauts-de-France coast (France). This work analyzes the consequences
of the virus on the numbers and production of young in three colonies of gulls (Laughing
Gull, Mediterranean Gull, and Sandwich Tern) on the coast of Pas-de-Calais and the
Somme by comparing with the results of the years previous pandemic-free periods.

This work also compares the numbers of roosts of several species of gulls in the Authie-
Somme reserve obtained in spring to autumn in 2022 with those of previous years.

Keywords: highly pathogenic H5N1 avian influenza, gull populations, Hauts-de-France,
pandemic, gull mortality

1. Introduction

Cases of joint mass mortalities involving humans, domestic mammals, and birds
have been known since antiquity (1200 BC) but scientific evidence that it is avian
influenza does not appear until the end of the nineteenth century [1].

For many decades, wild birds, especially ducks, have been known to be healthy
carriers of various influenza viruses.

The H5N1 strain was detected in a few geese in 1996 in China and then the follow-
ing year in Hong Kong, where it affected humans and chicken farms [1].

A new emergence of this strain occurs in 2004 in East Asia. It spread the following
year to Turkey and Romania and then reached Western Europe in 2006 (including
France). Another wave was reported in 2015 with cases recorded, particularly in
Africa and North America [2].

The role of migratory birds in the dispersal of H5N1 has been the subject of
numerous studies [3-6] as has its impact on poultry farms [7-10], but the one on wild
birds remains unknown.

For the first time in 2022, this H5N1 strain was particularly virulent in the gull
populations of Hauts-de-France (France). Also, an attempt to measure the influence
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of this virus on these birds was made. This work analyzes the consequences of

the virus on gull mortality, breeding numbers, and the production of young in

three colonies (Black-headed Gull Chroicocephalus ridibundus, Mediterranean Gull
Ichthyaetus melanocephalus, and Sandwich Tern Thalasseus sandvicensis) on the coasts
of Pas-de-Calais and of the Somme (natural region of Marquenterre). It also analyzes
the consequences of the resting places of several species of gulls in the Authie-Somme
reserve.

2. Methods

Gull corpses were counted at the various sites studied.

The colonies of three localities of Marquenterre (Ornithological Park of
Marquenterre in Saint-Quentin-en-Tourmont in the Somme, Conchil-le-Temple, and
Groftliers in the Pas-de-Calais) were counted at least once per decade of March to
July. No incursion is carried out on the colonies which are observed from a distance
(from observation posts in Saint-Quentin-en-Tourmont and Conchil-le-Temple).
Whenever possible, breeding adults were distinguished from nonbreeding immature.
Behaviors related to reproduction (copulations, transport of materials, and incu-
bating nests) were also noted. As soon as they appear, the chicks are also counted.
The species concerned are the Black-headed Gull, the Mediterranean Gull, and the
Sandwich Tern.

In the Authie-Somme reserve, gull roosts are counted or estimated (in the case of
numbers of several thousand individuals of a single species) throughout the annual
cycle. Rare taxa (Bonaparte’s Gull Chroicocephalus philadelphia, Glaucous Gull Larus
hyperboreus, and Caspian Tern Hydroprogne caspia), pelagic (Kittiwake Gull Rissa
tridactyla and Little Gull Hydrocoloeus minutus) or with too small numbers (Little Tern
Sternula albifrons, Arctic Tern Sterna paradisaea, and Black Tern Chlidonias niger).

In both types of data, the numbers of the years without the emergence of the H5SN1
virus (2018 to 2021) are compared to those of the year with the virus. Due to COVID-
related traffic restrictions, data from mid-March to early May 2020 was sometimes
not obtained.

3. Results

The first gull victim of H5N1 is an immature Herring Gull Larus argentatus dis-
covered on May 18, 2022 on the coast of the town of Saint-Quentin-en-Tourmont.

In 3 weeks, more than 800 birds (probably around a thousand), mainly gulls, were
found dead in the study area, particularly in the Authie-Somme Reserve and in the
Somme Bay National Nature Reserve bordering on the first.

Of the three colonies studied, it was mainly the corpses of Black-headed Gulls
(Figure 1) that were discovered (179 for 6 Mediterranean Gulls and 10 Sandwich
Terns).

During the study period, the Black-headed Gull colony at Conchil-le-Temple is
expanding with numbers at the end of April 2022, ten times higher than those of 2018
and more than three times those of 2019 and 2021 (Figure 2). These numbers fall in
May to reach a minimum at the end of June, slightly lower than those of 2021 during
the same period but nevertheless remain significantly higher than those of the first
three years studied.
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Figure 1.

Number of black-headed Gull Chroicocephalus ridibundus (CR), Mediterranean Gull Ichthyaetus
melanocephalus (IM), and Sandwich tern Thalasseus sandvicensis (TS) corpses discovered in the three colonies
of Saint-Quentin-en-Tourmont (SQ ), Conchil-le-Temple (CO), and Groffliers (GR).

1200
1000
800
600

400

200

g L@

M1 M2 M3 Al A2 A3 M1 M2 M3 Inl In2 Jn3 Jt1 Jt2 It3

—)018 e—2019 2020 02021 2022

Figure 2.
Evolution of the numbers of the black-headed Gull Chroicocephalus ridibundus colony of Conchil-le-Temple.

The situation of the colony of Groffliers is different since the maximum number in
2022 is between the minimum recorded in 2018 and the maximums of 2019, 2020, and
2021 (Figure 3). However, they show an earlier (early May) and faster fall than those
of these 4 years.
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Figure 3.
Evolution of the numbers of the black-headed Gull Chroicocephalus ridibundus colony of Groffliers.
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Figure 4.
Evolution of the numbers of the black-headed Gull Chroicocephalus ridibundus colony of
Saint-Quentin-en-Tourmont.

The situation of the colony of Saint-Quentin (Figure 4) is like that of Conchil-
le-Temple since the numbers at the end of April are significantly higher than those
of the 3 years for which data are available during this decade (2018, 2019, and 2021).
They drop to a minimum in mid-June, barely higher than those of 2018 and 2020 but
lower than those of 2019 and 2021. These 2022 numbers increase again from the end
of June.
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The numbers of the Mediterranean Gull colony in Saint-Quentin-en-Tourmont are
high at the beginning of April and higher than those of the years 2018, 2019, and 2021
and of the same order of magnitude as those of the first two decades of May 2021,
but they drop sharply from the end of May, remain very low until mid-June before
increasing until the beginning of July (Figure 5).

The Sandwich Tern colony in Saint-Quentin-en-Tourmont has been expanding
since 2019. Its numbers at the beginning of May 2022 seem to confirm this fact since
they are a little less than five times higher than those of 2021 (Figure 6). They show a
very clear decrease from the following decade to be at the level of those of 2020 and
2021. This is even more significant with numbers lower than those of the three previ-
ous years in July.

In the Black-headed Gull, the production of young in 2022 is lower than that of
the four previous years in the colonies of Saint-Quentin-en-Tourmont and Groffliers
while on that of Conchil-le-Temple it is only lower than that of 2021 (Figure 7).

In the Mediterranean Gull, the production of young in 2022 is higher than that
of the four previous years in the colony of Saint-Quentin-en-Tourmont (Figure 8).
It is very low on that of Conchil-le-Temple: 1 young noted in 2020 and 2022 but 7 in
2021.

In the Authie-Somme Reserve, the differences in numbers from the years 2018 to
2022 do not appear clearly in the Black-headed Gull (Figure 9), Common Gull Larus
canus (Figure 11), Great Black-backed Gull Larus marinus (Figure 12), Herring Gull
(Figure 13), Yellow-legged Gull Larus michahellis (Figure 14), Lesser Black-backed
Gull Larus fuscus (Figure 15), Sandwich Tern (Figure 16), and Common Tern Sterna
hirundo (Figure 17). Some species even seem to present locally different phenologies
depending on the year. For some also, significant numbers are recorded after the period
during which the H5N1 virus raged (May to July): Black-headed Gull (mid-August and
mid-September to early October), Common Gull (mid-September to early October),
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Figure 5.
Evolution of the numbers of the Mediterranean Gull Ichthyaetus melanocephalus colony of
Saint-Quentin-en-Tourmont.
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Figure 6.
Evolution of the numbers of the Sandwich tern Thalasseus sandvicensis colony of SaintQuentin-en-Tourmont.
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Figure7.
Number of young black-headed Gull Chroicocephalus ridibundus observed in the three colonies of
Saint-Quentin-en-Tourmont (SQ ), Conchil-le-Temple (CO), and Groffliers (GR).

Great Black-backed Gull (late September), Herring Gull (mid-September to mid-Octo-
ber), Yellow-legged Gull (mid-September), Lesser Black-backed Gull (early to mid-
August), Sandwich Tern (early August), and Common Tern (beginning of September).
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Figure 8.

Number of young Mediterranean Gull Ichthyaetus melanocephalus observed in the two colonies of Saint-
Quentin-en-Tourmont (SQ ) and Conchil-le-Temple (CO).
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Figure 9.
Black-headed Gull Chroicocephalus ridibundus numbers in the Authie-Somme reserve during the annual
cycle.
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Figure 10.
Mediterranean Gull Ichthyaetus melanocephalus numbers in the Authie-Somme reserve from April to October.
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Figure 11.
Common Gull Larus canus numbers in the Authie-Somme veserve during the annual cycle.
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Figure 12.
Great black-backed Gull Larus marinus numbers in the Authie-Somme reserve during the annual cycle.
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Figure 13.
Herring Gull Larus argentatus numbers in the Authie-Somme veserve during the annual cycle.
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Figure 14.
Yellow-legged Gull Larus michahellis numbers in the Authie-Somme reserve from mid-may to December.

1800
1600
1400
1200
1000
800
600
400

200

0 e = = - s
J1 J3 F2 M1 M3 A2 M1 M3 Jn2 Jt1 Jt3 A2 S1 S3 02 N1 N3 D2

2018 2019 2020 = 02021 w—2022

Figure 15.
Lesser black-backed Gull Larus fuscus numbers in the Authie-Somme reserve during the annual cycle.

Only the Mediterranean Gull presents significantly lower numbers from mid-June
(0 to 2 individuals until mid-October) than in previous years (Figure 10).
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Figure 16.
Sandwich tern Thalasseus sandvicensis numbers in the Authie-Somme reserve during the annual cycle.

4. Discussion

The mortality of gulls in the study area is most likely underestimated because
collections of dead birds were carried out in the Authie-Somme Reserve and the
Somme Bay National Nature Reserve by the municipal services of the communes
concerned and by the agents of the OFB (Office Francais de la Biodiversité), and on
the site of the Marquenterre Ornithological Park and the estuary part of the Somme
Bay National Nature Reserve by the staff of these structures. Another source of
underestimation is the relatively high vegetation in at least certain sectors of the
colonies of Saint-Quentin-en-Tourmont, Conchil-le-Temple, and even more of
Groffliers.

The H5N1 virus markedly affected the size of the three colonies and their produc-
tion of young in the Black-headed Gull. The same is true for the Sandwich Tern in
Saint-Quentin-en-Tourmont. However, on this site, the case of the Mediterranean
Gull is more complex since the size of the colony is decreasing but the production of
young increases in 2022 compared to the four previous years. This fact is probably
related to the lower mortality of the Mediterranean Gull compared to that of the other
two species (Figure 1). To identify the longer-term impact of the virus, it is planned
to continue the census of the three colonies studied.

In the Authie-Somme Reserve, where significant mortality was observed from
mid-May to June in particular, significant decrease following the emergence of H5N1
could not be demonstrated (except in the Mediterranean Gull) probably due to the
massive arrival and prolonged stay of migrants. The very large numbers recorded
according to the species between the beginning of August and mid-October are
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Figure 17.
Numbers of common tern Sterna hirundo in the Authie-Somme reserve from the end of march to the end of
October.

perhaps caused by a strong increase in the densities of the gulls’ prey [11] less con-
sumed by the latter during part of their reproduction period (May and June) [12].

This work constitutes the first approach to the impact of H5N1 on gull popula-
tions. Given the dynamics of the colonies and the significant interannual fluctuations
in the numbers, it will be necessary to obtain larger annual series to be able to carry
out statistical analyses.
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Chapter 2

Measuring of Cholinesterase
Activity in Blood and Tissues of
Bird’s by Electrometric Method:
Review

Ashraf S. Alias

Abstract

Many diseases and signs of organophosphate poisoning share common symptoms
with other illnesses. Misusing pesticides can lead to severe damage to both the
environment and people’s health. Insects, birds and other animals are affected by
the pesticide due to its effect on cholinesterase (ChE). This enzyme breaks down
acetylcholine into smaller parts that accumulate in neuromuscular junctions and nerve
terminals. In cholinergic toxicity, signs appear such as nicotine-like effects and mus-
carinic side effects in the nervous system. In accordance with this study, an apparatus
for measuring ChE-activity in birds’ blood and tissues is presented. Literature regard-
ing proper ChE-activity in both wild and hybrid birds was found by consulting the
Mosul city library. Additionally, the electrometric method proved accurate and effec-
tive. This makes it a good method for exposing potentially exposed birds in the natural
world while also creating a biological control to reduce environmental pollution by
carbamates or organophosphates.

Keywords: electrometric method, cholinesterase, organophosphate, pesticide misuse,
poisoning

1. Introduction

Pesticides are released into the environment through a complex chain of events and
can be transported through air, water, land or even within organisms affecting birds’
environment. The extent of movement and spread can be local or far-reaching and varies
according to the types of pesticides and their impact on the issue of food security and the
provision of food for the ever-increasing world population while ignoring its effects on
the birds that mainly protect crops from agricultural pests such as insects, caused their
death and a significant decrease in their numbers with insect resistance to agricultural
pesticides. Different types of pesticides belonging to other groups have been produced.
This poses substantial risks to human health, birds and the environment [1].

15 IntechOpen



Birds — Conservation, Research and Ecology

Exposure of wild birds to pesticides leads to reduced egg production, which leads
to a significantly decreased in the birds [2, 3]. Organophosphorus and pyrethroid
compounds are used in agriculture and veterinary medicine [4, 5]. To control pest-
borne diseases [6-8]. Excessive use of pyrethroids and organophosphates can cause
human and animal contamination [9-13]. Organophosphate poisoning occurs due to
exposure or abuse [14, 15] and intoxication occurs due to inhibition of ChE activity,
leading to accumulation of acetylcholine in nerve endings and the appearance of
muscarinic, nicotine and CNS symptoms-related intoxication, eventually leading to
death [16, 17] but the main target of pyrethroids is the sodium channel Causes delayed
blockage of the channel, resulting in a continuous flow of sodium, and its effect on
voltage-sensitive chloride channels. Resulting in decreased chlorine flow through
depleted airway channels [18, 19].

Measuring ChE activity in tissue and blood helps to detect organophosphate and
pyrethroid toxicity in the early stages of intoxication. A 25-30% decrease in ChE
activity in plasma or erythrocytes of birds is evidence of exposure such compounds
[5, 9]. There appear to be several methods for measuring the activity of ChE, namely
Ellman’s [20, 21], radiometric [22] and electrometric [23].

The last method is simple, cheap and does not require complicated equipment (just
a pH meter and a water bath). Several changes have been made to the method, such as:
e.g., electrometry (Michael method), by using different buffer solutions (setup and
structure), and the interaction of sample volume with different time and tempera-
tures [24, 25]. Michael’s original method was only used in humans, so some modifica-
tions were made due to various natural variations in ChE activity in the blood and
tissues of different animals [24]. The main changes were to increase the incubation
temperature from 20 to 37°C to increase the blood volume of the sample at the time of
interaction and to minimize the incubation time depending on the animal type to
which this method was applied to sheep [6, 24, 26]. Electroassay for Measuring ChE
Activity in Dairy Cows [27]. The method as electrometric was not utilized previously
on Budgie for measuring the activity of (ChE). Also, there is no information on the
normal values of the ChE activity in birds.

2. Materials and methods

Use the electrometric method to measure the activity of (ChE) in different birds. It
is important for detecting contamination with organophosphorus and carbamate pes-
ticides that cause the death of birds by ingesting pesticides through contaminated
water or food, such as fruits or insects, causing them to die. It also affects their young,
causing them to die. Adequate information on normal levels of cholesterol activity in
birds.

The present work uses blood and tissue samples from different birds, such as brain,
liver, and muscle, ranging in sample size from 30 to 35 g. Blood samples were collected
from the jugular vein (guillotine decapitation) and placed into tubes containing
EDTA. Plasma was separated from blood by centrifugation at 3000 rpm for
15 minutes (Model 80-1, China). Place the brain, liver and thorax in a clean, dry
plastic bag with crushed ice until homogenized at 3 mL per 100 mg of weight in
barbiturate-phosphate saline (pH = 8.1) with a hand mixer. This is a sample prepara-
tion method for the purpose of screening for cholinesterase (ChE)-activity in samples
that It was taken from natural birds.
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3. Measure as stipulated in the method as electrometric

Blood samples and homogenized tissue were used to measure normal ChE activity.
Measurements were done on the same day using electrometry Figure 1 [27, 28], using
a pH meter type (pH 025 M, US) to measure the pH 1 of the samples, and then using a
water bath type (HH-2 Digital Lab Thermostatic Water Bath, China) for use. After
incubation at 37°C for 30 min, samples were taken directly from the incubator and
pH 2 was measured. Measure the change in acid function using the following equation:

(pH2 — pH1) — ApH of blank = ApH/30 min.(ChE activity) (1)

ChE activity in budgie plasma and homogenate tissues was accurately measured
electrometrically based on the mean and standard deviation [29], and the following
coefficient of variation:

St iati
Coefficient = andard deviation x 100 )
Mean

The true and false percentages of ChE activity in the brain and plasma tissues of
Budgie birds were calculated. Two sections of the plasma and brain tissue samples
were separated. The first section of the samples was used to test the (ChE) activity (as
previously described plus 40 pl of DW), and the second portion of the samples
contained 40 pl of quinidine sulfate (0.1%) for each sample. Samples were incubated

3 ml distilled water
ape

0.2 ml blood sample
+

3 ml barbital-phosphate buffer (pH 8.1)

!

Measure pH (pH1)

ll

+ 0.1 ml 7.5 % acetylcholine iodide

o
Incubate at 37 °C for 20 min

J

Measure pH (pH2)

IL

Cholinesterase activity
(A pH/20 min) = pH1-pH2- (A pH of blank, without sample)

Figure 1.
Steps for the determination of blood cholinesterase activity by a modified electrometric method.
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for 10 minutes at 37°C to inhibit pseudo-(ChE) [21, 30]. Through certain inhibitors,
quinidine sulfate can prevent pseudo-(ChE) in brain and plasma tissues [20, 31].
Based on pseudo-(ChE) activity, the total residual (ChE) activity in brain and plasma
tissues was identified as follows:

(ChE) activity = total (ChE) — activity of real (ChE) 3)
(With no quinidine) (following quinidine addition)

Dichlorvos 50% (produced in China by Shenzhen Horizon Industry Co. Ltd.) and
deltamethrin 2.5% were used to assess the inhibition of activity (ChE) in the brain
tissues of Budgie birds in vitro (Indogulf company, India).

After obtaining the brains of seven Budgie birds for each experiment and incubat-
ing the samples for 10 minutes at 37°C to inhibit activity, inhibitor (ChE) incubation
was carried out with concentrations of 0 (control), 0.5, and 1 uM/L for the treated
group of Dichlorvos and concentrations of 0, 5 and 10 pM/L for the group of
Deltamethrin [32]. Before inhibition, the percentage was calculated as follows:

Inhibition % (ChE) activity =
Activity of (ChE) for control sample (with no dichlorovos or deltamethrin)—

Activity of (ChE) with Dichlorovos or deltamethrin

Activity of (ChE) for control sample (with no dichlorovos or deltamethrin) x 100

(4)

4, Results

Table 1 shows the normal reference range values, 95% confidence interval and
related statistics for plasma, brain, liver and pectoralis muscle ChE activities of the
bird species studied. Using the technique of in vitro ChE inhibition for 10 min by 0.1%
quinidine sulfate, the estimated percentages of true ChE activity in the plasma of the
Quail, Large pin-tailed sand grouse, Starling, Rock dove (Columba livia), Local dove
(Streptopelia Senegalensis) and Budgie birds were 77%, 69%, 71% and 73%, 75%, 75%,
respectively (Table 2).

5. Conclusion

We conclude from the foregoing that measuring cholinesterase activity in the
blood (plasma) and tissues (brain, liver, and muscles) of wild birds and domestic
birds that live with humans is very important through which we discover the values of
cholinesterase activity in wild birds, which reveal to us the extent of environmental
pollution with these pollutants. (Pesticides) and their effect on wildlife, especially
endemic and migratory birds, which cause the sudden death of large numbers of birds
when these birds migrate through countries that use pesticides randomly and unstud-
ied. Protecting our environment from pollution with organic phosphorus pesticides
and carbamate pesticides that cause the death of birds directly or indirectly by poi-
soning and killing the organisms that birds depend on for their food, which causes the
death of birds and the loss of this great environmental wealth. Because it maintains the
ecological balance and is also a natural agricultural pesticide.

18



Measuring of Cholinesterase Activity in Blood and Tissues of Bird’s by Electrometric Method...
DOI: http://dx.doi.org/10.5772/intechopen.1001284

Individuals per species

Cholinesterase activity (ApH/30 min)

Plasma Brain Liver Muscle Reference
Quail
Mean 123 0.39 0.19 0.06 [33]
Standard Error 0.098 0.013 0.021 0.004
Standard 0.310 0.040 0.066 0.013
Deviation
95% confidence 1.008, 1.452 0.360, 0.418 0.124, 0.146 0.050, 0.068
Interval
Range 1.71-0.72=0.99 0.45-0.33 =0.12 0.34-0.09 = 0.25 0.08-0.04 = 0.04
Sand grouse
Mean 1.81 0.37 0.06 0.07 [33]
Standard error 0.109 0.025 0.009 0.005
Standard 0.345 0.081 0.029 0.016
deviation
95% confidence 1.512, 2.068 0.304, 0.434 0.037, 0.068 0.054, 0.077
interval
Range 2.58-1.44 =114 0.51-0.25=0.26 0.12-0.01=0.11 0.09-0.04 = 0.05
Starling
Mean 1.10 0.24 0.08 0.08 [33]
Standard Error 0.074 0.029 0.006 0.008
Standard deviation 0.235 0.093 0.019 0.025
95% confidence 0.936, 1.272 0.174, 0.308 0.066, 0.081 0.057, 0.093
Interval
Range 1.56-0.84 = 0.72 0.38-0.12 = 0.26 0.11-0.04 = 0.07 0.13-0.04 = 0.09
Rock dove (Columba livia)
Mean 1.28 0.59 0.12 0.08 [34]
Standard Error 0.08 0.026 0.010 0.008
Standard deviation 0.256 0.084 0.030 0.025
95% confidence 1.100, 1.466 0.525, 0.585 0.094, 0.138 0.062, 0.099
Interval
Range 1.70-0.85=0.85 0.75-0.45=0.28 0.17-0.07 = 0.10 0.14-0.05 = 0.09
Local dove (Streptopelia Senegalensis)
Mean 0.82 0.39 — — [35]
Standard error 0.012 0.014 — —
Standard deviation 0.038 0.044 — —
95% confidence 0.527, 0.587 0.302, 0.432 — —

Interval

Range

1.68-0.90 = 0.78 0.65-.28 = 0.37
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Individuals per species

Cholinesterase activity (ApH/30 min)

Plasma Brain Liver Muscle Reference
Budgie birds
Mean 0.31 0.23 0.12 0.11 [36]
Standard error 0.005 0.003 0.003 0.002
Standard deviation 0.015 0.009 0.007 0.005
95% confidence 0.30-0.32 0.22-0.23 0.11-0.12 0.10-0.11
interval
Range 0.34-0.30 = 0.04 0.24-0.21 = 0.03 0.13-0.11=0.02 0.11-0.10 = 0.01

Cholinesterase values are the mean + SE of 10 plasma samples for each of bird species.

Table 1.

The cholinesterase activity values listed in this table were found out by an electrometric method in the bird species
Quail, sand grouse, Starling, Rock dove (Columba livia), Local dove (Streptopelia Senegalensis) and Budgie
birds. N = 10.

Bird Variable (ApH/30 Activity Reference
minutes) (%)
Quail Total cholinesterase 1.230 4+ 0.093 100 [33]
True cholinesterase” 0.950 £+ 0.069 77

Pseudo cholinesterase 0.280 £+ 0.054 23

Large pin-tailed sand grouse Total cholinesterase 1.810 £ 0.109 100 [33]

True cholinesterase’ 1.240 + 0.076 69

Pseudo cholinesterase 0.570 + 0.126 31

Starling Total cholinesterase 1.100 £ 0.074 100 [33]

True cholinesterase” 0.780 £ 0.025 71

Pseudo cholinesterase 0.320 £ 0.042 29

Rock dove (Columba livia) Total cholinesterase 1.280 + 0.080 100 [33]

True cholinesterase” 0.930 + 0.063 73

Pseudo cholinesterase 0.350 + 0.028 27

Local dove (Streptopelia Total cholinesterase 0.03+0.83 100 [35]
Senegalensis) True cholinesterase” 0.03 + 0.62 75
*Pseudo cholinesterase 0.018 + 0.21 25
Budgie birds Total cholinesterase 0.31+ 0.005 100 [36]
True cholinesterase” 0.002 £+ 0.255 75

Pseudo cholinesterase 0.06 + 0.006 25

Cholinesterase values are the mean + SE of 10 plasma samples for each of bird species.
Quinidine sulfate was used to inhibit pseudo cholinesterase activity in the plasma.

Table 2.

Estimation of true cholinesterase activity as determined by the described electrometric method in the plasma of
Quail, Sand grouse, Starling, Rock dove (Columba livia), Local dove (Streptopelia Senegalensis) and Budgie
birds.
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Chapter 3

Anthropogenic Noise Affects
the Bird Song Frequency and
Behavioral Response: A Review

Garima Singh, Sachin Kumar, Kalpana Chaudhary
and Gaurav Sharma

Abstract

Nowadays, as anthropological disturbance increases in animal’s life, they are
adjusting their nature to a novel environment. Birds have also severe constrain on
vocal communication by interfering with selection of acoustics signals. Noise from
urban area affects negatively bird fitness with their communication and, for instance,
activity related to breeding also had bad impact on predator detection. It influ-
ences also local distribution patterns as well as bird communities due to continuing
exposure. Sometimes birds can survive with urban noise, but mechanism remains
unknown. Here, we focused on relation between firstly anthropogenic noise and bird
richness secondly noise level and song modification and then species noise toler-
ance and detection frequency. This kind of noise may hamper recognition of song
by female, makes difficulties in territory marking, and also affects the maintenance
of pair bond in birds. Studies on the quantification and documentation of acoustical
characteristics and structural variability in birdsong provide substantial informa-
tion on its conceptual and empirical significance. Songs may vary at local level in
neighboring groups of birds and the level of variations depends on selection, based on
various behavioral and ecological factors. So, it is important to understand the vocal
communication for successful breeding for the conservation and for maintaining a
balance within ecosystem.

Keywords: avian acoustics, urban climate, behavioral response, anthropogenic noise,
sound frequency

1. Introduction

Avian habitat is becoming increasingly scarce due to rising populations. They
have a deleterious impact on communication, territorial behavior, foraging, and
reproduction in the entire animal community. The vocal cord of songbirds may be
affected by anthropogenic interference as urbanization increases in cities. Higher-
frequency song of blackbird (Turdus merula) components had greater amplitudes
as well, and city birds tended to sing higher-frequency (and consequently higher
amplitude) song elements over forest species [1]. Anthropogenic noise is a pervasive
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pollutant that changes how animals communicate acoustically. Some animals adjust
their vocalizations in response to environmental noise. There is still much to discover
about how much adjustment efficacy varies depending on the source of the noise, if
signal adjustments improve communication in noise, and how individual physiology
variance varies depending on reaction time. After assessing each subject’s adreno-
cortical response, songs that had been modified for noise and those that had not

been modified were played to wild Savannah Sparrows (Passerculus sandwichensis).
Under some altered acoustic conditions, the playback of songs that were rewritten for
loud surroundings was able to successfully reestablish suitable conspecific territorial
hostile behavior [2].

Finding a link between adrenocortical responsiveness levels that reduced com-
munication mistakes in some types of infrastructure and increased errors in others
was unanticipated. Song alterations that worked well at pump jacks did not function
well at screw pumps for persons with poorer adrenocortical reactivity and vice versa.
These results demonstrate that vocal adaptations can sometimes compensate for com-
munication gaps caused by environmental noise, but physiological variations among
receivers may limit the use of these adaptations. Mitigation strategies must consider
both the acoustic and physiological effects of infrastructure in order to reduce anthro-
pogenic noise.

Acoustic communication can be disrupted by noise, which can then have an
impact on signaling behavior and the development of acoustic communication [3].
The Lombard effect, cultural transmission, an unintentional change in vocal effort,
or a decisive action by the signaler are examples of mechanisms of selection that can
result in changes in acoustic behavior as a result of efforts to enhance signal detection
and discrimination in the presence of background noise (e.g. adjustment in timing
of vocalization) [4-6]. Immediate signaling flexibility (ISF), a context-dependent
type of behavioral plasticity, enables animals to change their acoustic behavior
momentarily in response to changes in background noise. This can involve adjust-
ing the amplitude, spectral or temporal features of acoustic signals, or the timing of
signaling behavior [7, 8]. However, the way and degree to which the signal is altered
vary between and within species depending on the species’ capacity for behavioral
flexibility, developmental plasticity, and micro-evolutionary responses as well as
the flexibility of the signaler, their own flexibility, their past experiences, and their
perception of noise [9].

2. Amplitude increases with frequency

Nemeth found that in the frequency range of up to 2.2 kHz, blackbird song
components clearly showed a positive association between frequency and ampli-
tude. The amplitude varied significantly with frequency; for instance, the average
maximum amplitude level increased by more than 15 dB from 1.5 to 2.5 kHz.
Blackbird song showed a coupling between peak frequency and amplitude, and
city birds tended to sing higher-frequency components that can be produced
at louder sound intensities. Both the raised frequency and the corresponding
increase in amplitude lessen the acoustic masking caused by low-frequency traffic
noise, but the frequency-dependent amplitude change has a stronger impact. City
birds may be able to sing at larger amplitudes to lessen acoustic masking by noise
by selecting higher elements [10]. This discovery supports earlier research that
found positive relationships between frequency and amplitude in other songbird
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species [11]. This finding implies that nearby mechanisms, such as physical
impedances [12], biophysical constraints [13], or physiological restraints [14],
maybe what prevent the production of loud vocalizations at the lower end of the
frequency range.

Noise’s detrimental effects on reproduction may be linked to its effects on com-
munication. Anthropogenic noise may be interfering with mating selection due to
masking effects and the need to modify communication [15]. Additionally, we are
aware that parental and child interaction is crucial for the survival of the latter [16].
For instance, begging is a behavior used by nesting passerine birds to signal their need
for food. Begging involves a combination of postures and sounds.

Studies have indicated that anthropogenic airborne noise affects auditory com-
munication [17]. Synthetic traffic stimuli (spectral peak: 10 Hz) elicited a call-rate
change at a lower threshold than synthetic wind-turbine playbacks, whereas the
former did not (spectral peak: 100 Hz).

3. Discussion

It is hypothesized that noise sources that are both novel or unpredictable and
related to a physiologically significant sound will elicit reactions resembling those
linked to predation risk [18]. Therefore, cutting back on or stopping calling could
increase the likelihood of avoiding the predator’ attention. Furthermore, compared
to a multimodal stimulus, a particular univocal stimulus supplied to the animals may
be ineffective [19]. No matter the reason, a drop in calling rate can have repercussions.
Numerous scientists have claimed that elevated airborne noise levels have negative
effects on animal communication during mating, which can affect reproductive suc-
cess [20]. It also has a negative impact on species interaction within population and
male-female response and playback song behavior.

According to projections, an additional two billion people will require a place
to live in the next 20 years, but they will not reside in the existing cities but rather
in newly built urban regions [21]. Rare species are typically negatively impacted
by urbanization, while more widespread species that can include native generalist
species but frequently refers to non-native urban colonizers are favored [22-25].
Diversified urban ecology does offer a wide range of niches, therefore urbaniza-
tion does not always result in a loss of species diversity [26]. However, on a broader
scale, urbanization results in homogenization and a loss of diversity since, regard-
less of the original fauna, typical urban species end up being the same everywhere
[27, 28]. Urban problems may be particularly stressful for animals that still exist in
cities and outside of them, as evidenced, for example, by a divergence in hetero-
phil-leucocyte ratios [29] or elevated baseline corticosterone levels in male birds in
urban habitats [30].

However, despite the fact that many species leave cities because they depend
on habitat elements that no longer exist, others find a new home among the bricks
and concrete and adjust to life in the city [31]. Many animal groups utilize acoustic
signaling to protect their territories, alert conspecifics to oncoming predators, or
attract mates [32]. Individual fitness and population persistence may suffer from any
changes to the transmission environment that prevent acoustic signals from reaching
the intended receiver or alter the information content of the signal. Chronic noise
exposure is a result of expanding transportation networks, resource exploitation,
motorized recreation, and urban expansion, even in the most remote wilderness
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locations [33, 34]. Only if signalers change the form of their songs or if receivers are
able to shift their perceptual apparatuses in reaction to background noise can effective
animal communication be maintained in altered auditory settings [9]. When back-
ground noise and a particular species’ auditory output coincide in their frequency
spectra at a specific time and location, acoustic masking may result.

Animals frequently employ acoustic communication to share information among
themselves. It is done by using an auditory signal that is produced by a sender, travels
through the environment, and is picked up by a receptor [35]. Acoustic waves can
travel great distances and carry data, including the sender’ identity, position, and
sexual orientation. Their use is appropriate in a variety of situations, such as luring
mates for breeding, defending one’s territory, and warning of danger. Interactions
between communicators are hampered when the communication process is inefficient
from signal emission to signal reception. Thus avian species in urban climates have
a high frequency in their song in comparison to non-urban climates. They have to
produce high pitch sounds for a song, affect male—female interaction and behavioral
responses due to anthropogenic noise, and somehow indirectly affect the breeding.

4, Conclusion

Anthropogenic noise is a category of sound that can interfere with communica-
tion and be viewed as a form of environmental pollution. The next critical step in
determining the true ecological effects of noise pollution is more research into how
species in the wild not only detect but also distinguish between signals within noise
gradients. Therefore, it is crucial to comprehend how noise pollution might contrib-
ute to further habitat degradation for sensitive species already suffering from habitat
loss and climate change, as well as how ecological effects from acoustic environment
modification compare to anthropogenic effects that have drawn ecologists’ atten-
tion for a longer period of time. In the future, we propose developing studies to
disentangle the distinctions between distraction and masking, to investigate how an
organism’s behavior may be influenced by anthropogenic noise that is outside of its
vocal range. To examine how a greater variety of song types affect issues of detection
and discrimination and to better understand demographic effects, we also recom-
mend including examples with vocal qualities that deviate from normative condi-
tions. According to playback trials, anthropogenic vibratory stimuli significantly
decreased the calling activity in focused males, with their mean call rate falling by
50%. Vibrations from wind turbines and vehicles had an equivalent effect on call
volume. The results of comparing the prerecorded and artificial stimuli show that
the whole vibrational spectrum, not just its peak frequency, was responsible for the
observed responses. Additionally, playback of naturally recorded audio decreased the
sound strength threshold at which animals changed their baseline calling behavior
and other interaction in populations toward each other. Future research, particularly
field-based experiments in appropriate systems, will allow for a better understanding
of the full extent of anthropogenic noise’s effects on species and communities, how
the acoustic environment has changed in comparison to other well-studied human-
induced habitat modifications, and how these effects might be mitigated through
avian conservation measures that could be viewed as a form of environmental pollu-
tion and that could potentially help.
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Chapter 4

An Approach to the Natural and
Induced Evolution of Wetlands at
La Mancha Hameda (Central

Spain) — We Are Arriving
Too Late

Luis Fernando Basanta Reyes

Abstract

An important part of the migratory population of european waterfowl, uses Span-
ish wetlands during their migratory trips and/or winter periods. In Spain, resident and
breeding birds of this group, are important due to its number and some endangered
species. Current populations have suffered a great decline since the middle of the last
century, attributed, among other reasons, to the loss in number and quality of national
wetlands. An area located in the center of Spain has been selected: a large plain called
“La Mancha”. The number of lagoons, different ecological types and the “tablas” or
river overflows, have constituted the values to be recognized as one of the most
important Ramsar sites in Europe, and a Biosphere Reserve. Evolution have been
studied, due to natural causes and human actions: trying to eradicate malaria and
“recovering” land for agriculture, draining it through canals, ditches and wells, using
it as landfill for solid waste and fecal and industrial water, and the extraction of water
from undergroundb aquifers. These actions have destroyed, forever, 80% of the
wetlands in this area. The effects on the associated fauna have been direct: its disap-
pearance. The author is a direct witness to the development state of these wetlands
over the last 50 years (1972-2023).

Keywords: wetlands, Mancha Himeda, Castilla-La Mancha, waterfowl, drainage,
aquifer

1. Introduction

Talking about wetlands in Spain might seem incongruous to the inhabitants of
neighboring European countries and even to the majority of Spaniards themselves.
The image of a country with many sunny days and relatively few rainy days does not
invite to imagine large flocks of ducks or waders crossing the sky, feeding on the mud
of shores or diving in a lagoon. That’s how it was and is, but the description of “large
flocks” belongs to the past, sadly.
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Since ancient times, man has considered wetlands as gloomy places and emanating
miasmas, “putrid odor” and “bad vapors.” Spain has not been an exception, with abun-
dant examples.

At the beginning of the nineteenth century (and several centuries before, but
without sufficient means), civil engineers began to plan and execute sanitation works
that especially affected those wetlands located in the vicinity of villages. The direct
relationship of malaria with thousands of human deaths over the years cannot be
denied, mainly in settlements located in the vicinity of flooded areas, some of these
populations having to be completely abandoned. What makes these drying measures
understandable [1, 2].

Malaria was considered endemic in Spain until 1964. Improvements in the
knowledge of the disease, hygienic and sanitary conditions of the population, and
medication, led the WHO to declare malaria eradicated throughout the national
territory [3, 4].

Decisions to drain lagoons and channel rivers were not only motivated by the
responsibility of governments, interested in alleviating diseases in the population;
they also lobbied farmers’ interests, claiming crop losses due to flooding in flood
cycles. In addition, there was interest in occupying the dried-up land that promised to
be very fertile. It was not in most cases, since they turned out to be areas with high
salinity, making the emerged lands unproductive for cultivation. On the other hand, if
the drying up was sponsored by an individual, the State grant him the exploitation of
the dried-up land for 99 years [5-8].

According to data from the Ramsar Convention Bureau, since 1700 almost 90% of
the world’s wetlands have been lost. During the twentieth century alone, the global
extent of wetlands decreased by 64-71%. Between 1970 and 2015 the reduction was
35% (three times higher than the loss of forests) [9].

In Spain, most of the natural wetlands that disappeared until the 1960s and
1970s were drained and transformed, fundamentally, for agricultural use. It is
estimated that, at that time, between 60% and 70% of the original surface had
already disappeared. Between the years 1948 and 1990, a loss of 60% is calculated.
These figures are similar to those from other countries in our socioeconomic style
[10, 11].

Wetlands have been continually threatened and destroyed in Spain, throughout
Europe... throughout the world.

This chapter reveals some of the wetlands that existed and were lost for different
reasons. It does not forget the treatment that the wetlands of Castilla-La Mancha have
received in the past and even in recent times. A summarized follow-up of the evolu-
tion of the existing ones is carried out. At the same time, it suggests recommendations
considered important and basic, when recovering wetlands or creating new artificial
lagoons.

The intention is not to raise wounds, some bad or never healed. It is intended,
without harshness, to relate and analyze some of the mistakes that were made at
certain moments in the past, trying to amend them in the present and avoid them in
the future.

It is fair to recognize that, at present, interest in the conservation of wetlands is
infinitely greater on the part of the general public, researchers and officials of the
Administration of Castilla-La Mancha and Spain, with very notable compromise
examples (Figures 1 and 2).
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Figure 1.
Winter flock of coots (Fulica atra). Photo A. Amor.

Figure 2.
Winter flock of ved-crested pochard (Netta rufina) and coots (Fulica atra). Photo L. Basanta.

2. The geographical space of Castilla-La Mancha
2.1 La Mancha himeda

Castilla-La Mancha is a region located in the center of Spain, politically called the
Autonomous Community. It is made up of five provinces: Albacete, Ciudad Real,
Cuenca, Guadalajara and Toledo. It is the third largest Spanish region. It occupies an
area of 79,409 km?, with well-differentiated plains and mountains. It represents 15.7%
of the Spanish territory [12, 13].

Wetlands of Castilla-La Mancha are located, generally, in areas of little pro-
nounced reliefs. In fact, a large part of the region is a plain, a plateau, which consti-
tutes the region called La Mancha. In the center of La Mancha, there is an area that
borders four provinces (Albacete, Ciudad Real, Cuenca and Toledo) and is called “La
Mancha Himeda.” It is located at the Upper Guadiana River Basin and the southern
area of the southern plateau or sub-plateau. Wetlands of this area can be classified as
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Figure 3.

Log;ltiin?,of Castilla- La Mancha region at Spain and Europe. Cartography Service. Junta CLM.

endorheic lagoons, outcrops due to contributions from the underground aquifer and
overflowing rivers (tablas)?! (Figure 3) [12, 13].

Some studies define lagoons of endorheic origin as: “... slight depressions in the
ground that receive runoff water from the surrounding land during the rainy season,
spring and autumn, sometimes very abundant, with torrential episodes affecting small
areas. Its permanence depends on depth and environmental temperature of each
season”. A short and precise definition with which it is agreed [7, 14].

La Mancha is the widest and most perfect plain in the entire Iberian Peninsula. It is
a sedimentary basin in which the Guadiana River and its tributaries have not been
embedded. Its altitude oscillates between 600 and 700 meters. It has a triangular
shape: with a vertex in Ciudad Real capital. It opens toward the east, extending
through the provinces of Albacete, Toledo and Cuenca [15].

Rivers that cross these areas do so already in their middle course. When they were,
flowing their course was slow and lazy, zigzagging and rambling, which caused the
surrounding land to flood due to overflow, since the channels were shallow and had to
evacuate large volumes of water in a timely manner, coinciding with moments of
copious rain sudden and brief. The water, which was circulating at low speed through
the beds of these rivers, gradually were infiltrated into the ground, recharging the
aquifers. In some sections of the route, due to the existence of torcas and sinkholes,
surface water recharged the underground aquifers. Today they still perform their
functions... when there is water [7, 11, 16].

3

! The Spanish word “tablas” appears numerous times throughout the text of this chapter, related to
wetlands. At La Mancha Hiimeda (Central Spain) terrain is very flat, rivers are in their middle course, are
shallow and meandering. When the flow increases due to sudden rains, riverbeds are not able to evacuate
and overflows occur (flood plains, “tablas”). River seems to widen and flow so slowly that water seems to
stop, giving the image of a great plain of still water, so flat as a table or a board. Waters of these overflows
usually remain for several weeks, creating a specific ecosystem of great ornithological richness. The best
example in Spain was the Tablas de Daimiel National Park, currently with enormous problems to survive as
an ecosystem.
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There were also outcroppings of subsoil water, called in the area “eyes” which, by
themselves, formed lagoons, collaborated in their genesis and made contributions to
the fluvial “tablas”. They have been left off the hook due to the overexploitation of
aquifers for agricultural irrigation [11, 14, 17].

2.2 The weather of La Mancha Humeda

The Autonomous Community of Castilla-La Mancha presents a climate of
contrasts, especially in its central zone, where La Mancha is located.

The climate of La Mancha Himeda is continental and Mediterranean, character-
ized by an average rainfall of about 400 mm per year, with a record of temperatures
that vary from —15 to 40°C, depending on the time of year [12, 13].

La Mancha is the largest plain in Spain. In contrast to secular dryland crops, it is an
area with a relatively high number of endorheic lagoons (many of which have
disappeared or are not operational), others marginal to the riverbeds of the rivers that
cross the plain, as well as fluvial “tablas” in “La Junta de los rios” Zdncara and Gigiiela,
Tablas de Villarta and Arenas de San Juan, Tablas de Villarrubia de los Ojos and Tablas
de Daimiel [14, 15, 17, 18].

This area marks low rainfall, between 300 and 500 mm/year. Without a defined
periodicity, local storms with heavy punctual precipitation occur. They come to cause
flooding and significant damage to populations, crops and lagoons in the area. The
slope of the land, almost imperceptible, favors the permanence of the waters in the
form of lagoons and “tablas.”

3. The international importance of La Mancha Hiumeda
3.1 Recognitions and figures of protection

The international interest on the wetlands of La Mancha Himeda has always
been motivated by the functions they fulfill in the migration and wintering of
european birds, especially for the ducks and waders groups. This is a proven
reality [10, 11, 19, 20].

From the first moments, when the European conservationist and scientific
associations began to organize and unite (MAR 1960 Project), the Spanish wetlands
have been present at the top of the lists of priority areas for conservation. At the 1962
meeting of the MAR Project, in Saintes Marie de la Mer (France), the organizing
entities IUCN, ICBP and IWRB declared several Spanish wetlands in Category A. (The
reference to the wetlands of Castilla-La Mancha, called Castilla La Nueva in those
years, is reproduced verbatim, in the original language).

“ESPAGNE (voir carte n° 8, page 100). CATEGORIE A ... ..4. Lacs en Nouvelle
Castille, Toledo/Ciudad Real a) ca. 39° 00’ - 35 N. 3° 30’ - 40’ W. b) Superficie ca. 1000
ha +.c) 4. 5. 6.7.d) Nombreux étangs et lacs d’eau douce et alcalins, comprenant les
Laguna de Taray, Lagunas de Villafranca, de Alcazar, de Daimiel y Tablas des Giguela,
importantes au point de vue Ornithologique. e) Importante végion de nidification pour les
oiseaux: Netta rufina (+ 1000 couples), Ardea purpurea, Glareola pratincola, Anas
platyrhynchos et quelques Aythya nyroca. Quartier d’hiver pour de nombreux Anatidés et
Fulica atra.” [20].
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La Mancha Himeda was declared a Biosphere Reserve by UNESCO in February
1981. The numerous and continuous attacks on the wetlands, including Las Tablas de
Daimiel National Park itself, led in 2007 to the proposal to declassify it as a Reserve. of
the Biosphere, which was halted based on some commitments, partially fulfilled,
although they have not given the expected results.

In the list of the Ramsar Convention for the year 2023, there are 76 Spanish
wetlands registered, of which 8 belong to Castilla-La Mancha (Figures 4 and 5).

Figure 4.
Location of the La Mancha Hiimeda Biosphere Reserve. Cartography Service. Junta CLM.

Figure 5.
Red-crested pochard, male (Netta rufina). Photo T. Palacios.
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3.2 The war of quantities

The wetlands extension of La Mancha Himeda has been the subject of various
calculations, “grosso modo,” none of them match exactly. In addition to being for self-
serving reasons in some cases, in others the variations in the figures could be due to
the different areas visited or treated, and not explained in detail in the reports.

The Law of July 17th, 1956 on Cleaning up and colonization of swampy lands
that extend immediately to the banks of the Guadiana, Cigliela, Zancara rivers and
tributaries of the latter two in the provinces of Ciudad Real, Toledo and Cuenca, it refers
in its Preamble “...with an approximate extension of 30,000 Ha. ...and that, through the
execution of channeling works and the complementary desiccation, could be rescued for
agricultural cultivation and destined to carry out colonization work in them...” [8].

Measurement calculations of the Ministry of Public Works itself, cited in its Pro-
jects for the drying of “unproductive” land in favor of agriculture, has been consid-
ered valid. It does not seem that this Organism, traditionally contrary to
conservationist theses, was going to give incorrect figures on the extension of the land
to be “recovered,” at least not upwards. The destructive fever, translated into drainage
and desiccation, had endorsed the idea that flooding was unhealthy and unproductive
areas that had to be cleaned up and recovered.

If, in 1956, 30,000 hectares of wetlands were estimated in different sections
of the rivers and their surroundings, it does not seem unreasonable to calculate
that there could have been more than 50,000 hectares that still existed in the 19th
century.

The studies of this area, carried out in 1972 [21, 22], mention the existence of
20,000 Ha. (of vegas, tablas and flood plains). These areas stretched along the
Riansares and Gigiiela Rivers, highlighting for their extension the vegas and plains
that were defined after the confluence of both rivers and that extended through
Herencia, Villarta de San Juan, Arenas de San Juan and Villarrubia of the Eyes until
reaching the Tablas of Daimiel [19]. In addition to the Tablas de Daimiel, a large
concentration of wetlands of diverse types and genesis was located along this
route: lagoons, extensive overflows of “tablas” rivers, upwellings, flooded lands, etc.
[19, 21, 22], so it could be considered a mere rough estimate [7].

On November 29, 1994, in the interpellation of a Senator in the Plenary Session of
the Senate, the figure of 32,000 Ha was cited, not having been refuted in the response
of the Minister of Agriculture, “about the policy measures. general and environmental
that the Government will adopt as a matter of urgency to repair and seek solutions to
the ecological deterioration that is affecting the Tablas de Daimiel National Park
(Ciudad Real)” [23, 24].

3.3 The biosphere reserve of La Mancha Humeda

La Mancha Hiimeda was declared a Biosphere Reserve by UNESCO in February
1981, protecting a total area of 25,000 Ha of wetlands, in which a “fundamental”
area of 6000 Ha is located. The numerous and continuous attacks to the wetlands,
including the Las Tablas de Daimiel National Park itself, led to the proposal for
declassification as a Biosphere Reserve in 2007. This proposal was paralyzed
based on some commitments, partially fulfilled, although they have not
given the expected results in terms of improving lagoons and the National Park
[10, 11, 25, 26].
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Figure 6.
Black-tailed Godwit (Limosa limosa) Photo F. Ochoa.

On June 12, 2014, the extension of the Biosphere Reserve was extended to
418,066.16 hectares. This enormous increase in area is due to the inclusion of “buffer
zones,” “transition zones,” population centers, 3 ZEPA areas, 3 LIC, etc., without
there being a real increase in the surface area of wetlands or effective actions for
their conservation/recovery. “Paper holds everything,” the Biosphere Reserve is
being expanded and it gives the impression that the surface of wetlands has
increased when what has been done has been to include the complete municipal
terms of those that have lagoons, ponds or wetlands regardless of their conservation
status (Figure 6) [27, 28].

In the list of the Ramsar Convention for the year 2023, there are 76 Spanish
wetlands registered, of which 8 belong to Castilla-La Mancha: Las Tablas de Daimiel
National Park (Daimiel, Ciudad Real), Manjavacas lagoon (Mota del Cuervo, Cuenca),
Lagoons de las Yeguas and Camino de Villafranca (Alcidzar de San Juan, Ciudad Real),
Lagoon of La Vega or del Pueblo (Pedro Muiioz, Ciudad Real), Lagoons of Puebla de
Belefia (Guadalajara), Lagoons of Ruidera (Albacete and Ciudad Real), Prado lagoon
(Pozuelo de Calatrava, Ciudad Real) and El Hito lagoon (EI Hito, Cuenca) (Figure 7)
[23, 24, 29, 30].

None of the 8 Ramsar sites, located in Castilla-La Mancha, are in an acceptable
state of conservation: lack of water supply, clogging of the basin, planting of inappro-
priate plant species, appearance of invaders, insufficient or no wastewater supply,
purified; beds contaminated by heavy metals, drainage ditches, pressure from tourism
and leisure activities, very close aerodromes, etc.

4. Loss and degradation of wetlands at La Mancha Hiumeda

4.1 General features

The actions on the Spanish wetlands and, specifically, on La Mancha Humeda
(what in current times we would call “environmental impacts”), have their origin
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Figure 7.
Marsh Sandpiper (Tringa stagnatillis) feeding on a recent water pond. Photo F. Ochoa.

from previous centuries, not only from the sixties. Drainage and channeling had
already been carried out previously in order to prevent water from accumulating in
“still” pools of water, the reason for the diseases and fevers that devastated entire
populations (the role of mosquitoes was not yet known) transmission of malaria).
Another reason for those past canalizations was to avoid flooding in times of flooding.
Dozens of deaths occurred due to drowning, when the houses were flooded and
crushed due to the collapse of the houses, since the water demolished the walls
because they were built of tapial and adobes (blocks of mud and straw), like the vast
majority of the houses in the time and area [1-4].

In the last two centuries, the conversion of wetlands into agricultural land was
widespread and incessant, throughout Spain. The actions carried out caused the loss,
forever, of the “tablas” of La Mancha Humeda, of the great lagoons of La Janda, Antela
and Mar de Campos in northwestern Spain, and of a large part of the Guadalquivir
marshes (Doifiana), etc. [23]. The loss of wetlands in Spain between 1948 and 1990 has
been calculated at 60% of those existing at the time [10].

It may seem that they are only talking about times past, or give the impression that
with those enormous losses of wetlands, the fever for their destruction has ended. In
La Mancha that never stopped ... continue.

One hundred hectares, more or less, should not distract us from the lack of interest
and responsibility that has been shown by the different Spanish organizations with
competencies in the conservation of wetlands, deriving and prioritizing interests in
only one direction: that of crops, agriculture, encouraging the extraction of water
from aquifers with aid from the autonomous governments. Crops that are unthinkable
in La Mancha have been planted such as corn, alfalfa and beetroot, which need
enormous volumes of water, and must be irrigated by sprinklers, with higher temper-
atures in summer at 30-35°C, evaporating a large percentage.

With great sadness, we have witnessed, for several years, these risks of waste on
the same border with the Las Tablas de Daimiel National Park. Park was dry and the
sprinklers watering non-stop. The owners of these crops came to install a plate on the
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Figure 8.
Rubble dumped into a lagoon in 1990’s. Photo L. Basanta.

sprinklers that bordered the National Park, so that when they turned, none of the
water would reach the Park land.

At the same time, wastewaters from any population near a lagoon have been
dumped into the glass, as well as solid waste and even industrial wastewaters, with its
load of heavy metals, oils and various chemical products (Figure 8).

So, for too many years...

4.2 Agriculture: Priority of the destination of water. The irrigation

Let us focus on the recent past and the present: “the greatest pressures have been
due, above all, to the intensification of agricultural activity: wetlands are no longer
actively dried in a competition for soil resources, but water contributions are with-
drawn that feed them in a competition for water resources; and also due to industrial
development, infrastructure construction and urban developments related to the
tourism sector” [31].

The Ministry for the Ecological Transition and the Demographic Challenge, in its
“Strategic Plan for Wetlands to 2030” carries out, with objectivity and sincerity
unusual in official publications, an in-depth diagnosis of the situation (2022) of the
Spanish heritage of wetlands: “Up to practically In the 70s of the last century, the
resource primarily demanded by the agricultural sector was soil, the availability of
fertile and productive land, and for this reason many of our wetlands were drained
and occupied, actions promoted by the legislative framework and subsidized by the
administrations public. Currently it is the water resource” [10].

Before 1970, there were already irrigation systems in Spain that used water from
subsoil aquifers. La Mancha was no exception. But those waters were obtained from
shallow- or medium-depth wells, conditioned by the drilling machinery of that time.
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With limited flows, in turn, by the extraction motors that had to be exterior. The
improvement of drilling equipment and, above all, the appearance of the submersible
extractor pump, made the fever unleashed by irrigating and planting, the more the
better, with subsoil water unbridled.

In 10 years, more than 130,000 hectares were irrigated, which meant an increase
of four times the area traditionally irrigated until then [32].

In 1974, 152 hm? was extracted and in 1987 it was 600 hm®. There was a drop in the
water level, which implied the need to deepen most of the wells, the depletion of some
and a long series of environmental implications causing the disappearance of surface
water courses, the deterioration of water quality groundwater (infiltration of water
drained from irrigated crops with high salt and nitrate content), the decrease in the
degree of humidity of dryland soils and the disappearance of a large number of
lagoons that made up the so-called Wet Spot [33].

The “New Water Law” 29/1985, of August 2, contained 9 transitory provisions and
7 additional ones. The transition period from the repealed Water Law of June 13, 1879,
to the new one (3 years) was used to request, change, transfer, sell, titles, authoriza-
tions, etc., to extract water from aquifers.

During this period, the Basin Agency (Guadiana Hydrographic Confederation)
received and authorized concessions for volumes that did not correspond to reality
and were much higher than the real recharge capacity of the aquifer [34].

The situation spilled out of control: to the 16,000 legal catchments, we must add
22,000 unauthorized, illegal catchments, according to sources from the Guadiana
Hydrographic Confederation itself [34].

The European Water Directive obliges river basin districts to act against the unre-
strained pumping of groundwater masses, and sets a time limit: 2027 [33].

In 1985, the alarm had already been raised about the Las Tablas de Daimiel
National Park [35]. It was not until February 1987 that the western La Mancha aquifer
was declared overexploited [34].

Politicians from any party, neither national nor regional, have dared to put order in
the uncontrolled opening of wells without a license, in the chaos of the excessive
consumption of unauthorized flows.

Governments have not done enough to shut down illegal wells, fine offenders, and
restore the ecological damage caused. Social protests, often violent, by farmers (See
Section 4.3), scarcity of “water police,” sanctions for offenders are manifestly low ...

There is much to do... (Figures 9 and 10).

4.3 Unfair actions derived from agricultural practices in wetlands

In full swing of protests by farmers over the declaration of overexploitation of
aquifer 23 (Western Mancha), in February 1987, farmers in the affected areas held
various assemblies to discuss their problems. In one of the meetings, held in Daimiel, a
phrase was pronounced, well remembered by the few conservationists of that time:
“water while there is water and then... the donkeys in the shade,” which seemed to
express the general meaning of those assemblies (let us use the water until it runs out)
without an iota of concern for the affected wetlands, nor for the one of greatest
regional importance, located in the same municipal area: the Las Tablas de Daimiel
National Park.

In March of the year 1988, one of the saddest events that we have experienced in the
territory of La Mancha Himeda took place. It happened during the filming of a series for
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Figure 9.
Drainage ditches at the Turleque lagoon. 1988. Photo L. Basanta.

Figure 10.
Drainage ditch at the Camino de Villafranca lagoon. 1988. Photo L. Basanta.

Spanish Television entitled “Espafia Himeda.” On the 23rd we met with the manage-
ment and the conservation team of the National Park in the Visitor Center, to schedule
the day of the following day in which we were going to shoot inside the wetland.
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Figure 11.
Las Tablas de Daimiel National Park on five. March,24th, 1988. Photo L. Basanta.

On March 24, at dawn, from the first high point of the road that leads to the National
Park from the town of Daimiel, a dense cloud of smoke was observed that seemed to
come from the very heart of the wetland. Unfortunately, it was so: the Daimiel Tablas
were on fire!

It seems that some irresponsible people, informed of the presence of our Spanish
Television team, tried, with this vandalistic, criminal act, to pressure and publicize
their protests and demands. If you are capable of burning a National Park, you are
capable of anything (Figure 11).

We did not transfer any images for news programs. The broadcast of the Series and
the chapter on the National Park took place the following year, between January 3 and
March 7, 1989.

It has already been mentioned above that there have been more than 22,000 illegal
wells dug in La Mancha. No control of any kind. We have data, based on satellite
images, which allow us to affirm that the extractions from the wells considered legal
have also exceeded the capacities outlined in their authorizations. They have extracted
much more water than authorized.

Another situation detected since the 1980s is that of the occupation of wetlands
“by neglect.” It is a ladino practice that begins at the time when the shores, or even the
entire wetland, are dry. The procedure consists of plowing the shores a few meters
around the lagoon, year after year, little by little, each year a little more, until the
“useful” surface of the lagoon is reduced, finally plowing the entire lake basin, literally
erasing it, especially small- and medium-sized gaps [7, 10].

It is necessary to take into much greater consideration another silent problem that
affects endorheic lagoons: Most of them are located in areas with a very little slope so
that, due to runoff, it is not easy for them to receive sufficient contributions through
scarce rains, because the streams do not begin to flow until the base soil of these small
channels is soaked, except for specific cases of local downpours that discharge in their
area of influence. These small channels have been modified or canceled in many cases.
On this particularity are added the “managements” that some farmers carry out at the
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time of tillage, destroying or diverting the small and almost imperceptible channels,
practically dry for many years, to level their land and gain a few square meters for
cultivation [7].

Agricultural activities of diversion or elimination of small channels that flow into
rivers or endorheic lagoons must be controlled. It is necessary to respect and recover
them, in case they have been intercepted or destroyed.

4.4 Contamination by discharges

During the last three decades of the last century, and before, any lagoon close to a
population was used as a dumping ground for contaminated water or solid waste. The
less fortunate also received wastewater from the industrial estates: heavy metals
deposited in the mud at the bottom, coming from paints and varnishes from door and
furniture factories and other activities; debris and sewage in all of them. They were
not treated in any way. They were just stored (Figure 12).

Several of these lagoons had (and some still have) a level outfall, so that when the
levels of water retained in the lagoon were excessive and threatened to affect culti-
vated land, the excess volume was evacuated directly, through a buried pipe that
connected with the Ridnsares or Gigiiela Rivers, depending on the case, carrying the
contaminated waters to the El Taray lagoon or to the Las Tablas de Daimiel National
Park itself, downstream.

It coincided that these lagoons were, and still are, sources of botulism. Botulism
foci have not disappeared from La Mancha Himeda. In some wetlands, they are more
vigilant than in others and proceed to dry out the lagoon as soon as they see the first
affected birds, sending the effluent with some kind of pretreatment, in the best of
cases, but always toward Daimiel.

Figure 12.
Farmer irrigating with untreated wastewater, 1985. Photo L. Basanta.
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4.5 Natural causes

In the territory of La Mancha Humeda, the slight slope of the plateau contributes to a
natural process in Geography such as the clogging of depressed areas in the endorheic
lagoon areas, enormously sensitive to these processes, which ends with the disappear-
ance of the lagoon as such, due to not being able to retain the water or because it does
not reach the lagoon. In La Mancha Hiimeda, there are striking examples of a phase close
to disappearing as lagoons. For example, the Longar lagoon, in Lillo (Toledo), or the
Manjavacas lagoon in Mota del Cuervo (Cuenca), etc. [7].

Few more natural causes can be mentioned, in which the human being has not
intervened directly or indirectly.

5. Recovery and management of wetlands

The appearance of regional conservation associations at the end of the 1970-80s,
and the increase in sensitivity toward wetlands on the part of the Regional Govern-
ment of Castilla-La Mancha, led to the development of the first catalog of wetlands in
the Autonomous Community, with the title “Catalog and Study on the Evolution and
Ecology of the Wetlands of Castilla-La Mancha. Spain” 1989 [7].

Until then, wetlands only received the attention of waterfowl hunting enthusiasts.
Lagoons such as La Albuera or El Escoplillo, in the municipality of Daimiel, very close
to the National Park, are almost mythical names, which witnessed the numerous
populations of aquatic birds that exchanged between it and the lagoons in its imme-
diate surroundings and more far away, before they dried up due to being left hanging
and without contact with the waters of the aquifer. They were run by the Alcyon
Hunters Club (Figure 13).

Figure 13.
Spoonbill flock (Platalea leucorodia). Photo A. Amor.
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These same hunters recovered more than 2000 hectares of floodplains, turning
them into artificial lagoons marginal to the Gigiiela River, in the municipality of
Quero, with strong private economic outlays in their construction and for hunting
purposes, yes. It must be remembered that the first naturalist scientists in advanced
countries were hunters. Notable figures in our conservation history were, too.

Few of these artificial lagoons remain operational. When Daimiel began to have
serious problems due to lack of water, the Administration’s eyes were fixed on the
private marginal lagoons of Quero, full of water. The year 1981 began when the first
private lagoon was drained by deepening the channel of the Gigiiela River and elimi-
nating the water intake. It was the Arroyo Morén Lagoon, in which Biological Station
we worked since 1976, until its desiccation.

In 1984, under the “disguise” of cleaning the Gigiiela River bed so that the water
from the transfer from the Tagus River reached the National Park through its bed, the
water intakes of the El Taray lagoons were eliminated, El Masegar, Molino del
Abogado, Vega de Quero, Vadoancho, Pastrana and Presarrubias.

The transferred water from the Tagus River barely reached the Park. The very bed
of the Gigiiela River, with numerous dolinas, filtered the water sending it to the
aquifer.

The only wetlands in La Mancha Himeda that conserved clean water, offered
shelter to birds and allowed their reproduction to be successful had been eliminated.
Our suggestion that the artificial lagoons of Quero were expropriated by the State, that
hunting was prohibited in them, and that they were not drained, was ignored.

Of the “artificial” lagoons from that period, only El Taray remains and, much less
extensive than the original, in favorable years, El Masegar.

El Taray lagoon is an artificial, private lagoon. An example of good management
and conservation. Hunting has not been done there for many years and photography is
now allowed from observatories (Figure 14).

El Taray lagoon is maintained with water from the Ridnsares River. Originally,
they were “tablas” formed by the “junta” of the Gigliela and Ridnsares Rivers.

Figure 14.
Black-winged stilt (Himantopus himantopus). Photo F. Ochoa.
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Dams were built more than a century ago to retain water and raise Carp (Cyprinus
carpio) for sale. Later, when dedicating itself to hunting, more dikes (cespederas)
were arranged to better manage the water. A dam was built to separate a part of
El Taray, which was called El Masegar, that was sold in its day and managed
independently.

A conscientious study has concluded that the El Masegar lagoon and others in its
immediate surroundings can be recovered if the natural functioning of the Gigiiela
River is restored, especially affected by the excavation and channeling of its channel
[14]. This lagoon belonged to the José Maria Blanc Foundation, an entity of which we
have been a part for several years, carrying out various studies on wetlands of La
Mancha and Dofiana.

Another artificial lagoon, privately owned, is the Dehesa Monreal lagoon, at the
municipality of Dos Barrios (Toledo). Built with all the licenses, it is an example of
good conservation management, although it was created at the end of the 1970s for
the purpose of hunting. It is located on the banks of the Arroyo Cedrén. It has played a
fundamental role in the recovery of Malvasia (Oxyura leucocephala) in Spain.

A municipal initiative that should be highlighted is the one that the City Council of
La Guardia (Toledo) undertook in 2013 and 2015, acting on the reedbed adjacent to
the Arroyo Cedrén (upstream of the Dehesa Monreal lagoons), to build three lagoons
that have favored several species of endangered marsh birds, such as Bearded tit
(Panurus biarmicus), Reed bunting (Emberiza schoeniclus) and Mustached warbler
(Acrocephalus melanopogon), in addition to constituting one of the largest roosts in
Spain for the Marsh harrier (Circus aeroginosus) with more than 250 specimens
together (Figure 15).

In the most recent years, a certain interest in the recovery of some lost lagoons has
begun. The interests are usually touristic, to attract visitors to the nearest city or town.

Figure 15.
Drone view. La Guardia (Toledo) lagoons. An initiative of the City Council and the Regional Government. Photo
M. Guzmdn.
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The so-called “recoveries” are not designed according to biological criteria: orna-
mental plant plantations are carried out and picnic tables are installed. Plant species
such as Tamarix, a great detractor of water and an invasive species, have been intro-
duced. The advisers, if there are any, have not known these wetlands in their best
moments and repeat not very recommendable models of other equally incorrect
recent actions.

A lagoon from La Mancha in 1972 did not have a row of tamarisk trees surrounding
its perimeter. The lagoons of La Mancha, in general, did not have arboreal vegetation.
In the recoveries, on many occasions, examples of design of artificial lagoons for
hunting purposes have been followed.

We do not want to give here the names of affected lagoons. This is probably not
the place to do it.

6. Current situation of wetlands at Castilla-La Mancha

In Castilla-La Mancha, it would be said that they have used their rivers for
experimentation and example of drying theories. Thus, there is currently not a single
important channel that crosses the plain of La Mancha that has not been “managed”
by man.

Rivers Zancara, Gigiiela, Guadiana, Valdespino, etc., have seen their sinuous paths
become rectilinear channels.

The ecological disaster of these actions has been enormous: Several thousand
hectares of rich marsh areas have disappeared forever and with them the animals
that inhabited them, in such quantity and variety that they deserved international
attention.

Lagoons have followed the same path and method. Those that were not filled with
solid waste received wastewater and industrial discharges. In other cases, a ditch in its
channel ended the life expectancy of aquatic fauna and flora.

Wetlands that survive in La Mancha go through greater difficulties every year.
Those that are not dry are because they receive wastewater.

In the list of the Ramsar Convention for the year 2023, there are 76 Spanish wetlands
registered, of which 8 belong to Castilla-La Mancha. This is the current situation.

* Las Tablas de Daimiel National Park: Its natural functioning has been destroyed.
There has been no “junta” of the waters of the Guadiana and Gigiiela Rivers for
more than 40 years. The flow of these rivers is a testimonial. The main cause of
the limited state in which the National Park is located is the drop in the water
level caused by the massive extraction of water from the aquifers for agricultural
irrigation. Of the wells drilled, 2/3 are illegal, without a license. The National
Park, with enormous difficulties, survives thanks to the work of guards and
technicians, the transfers it receives from the Tajo River and the punctual
contribution of water pumped from emergency wells, which allows having a
minimum extension of open water to avoid the spontaneous combustion of peat,
which is the main substrate of the National Park.

* Laguna de Manjavacas (Mota del Cuervo. Cuenca): Traditionally it has been the
best lagoon in La Mancha Hiimeda to observe migrating waders, and, depending
on the water level, to establish breeding colonies of Black-necked grebes
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(Podiceps nigricollis) and various species of larolimicolae. It is in the final phase
of clogging, accelerated by the continuous contribution of wastewater from the
population of Mota del Cuervo for decades. It was a typical La Mancha endorheic
lagoon, saline, with specialist vegetation on the shores (Suaeda sp. Salicornia sp.
etc). For 30 years a reedbed has developed around the point of entry of
wastewater, which undermines its original character. The Greater Flamingo
(Phoenicopterus roseus) has come to reproduce. We suspect that these colony
nestings have been induced by unscrupulous amateurs, who have built

nest starts to provoke acceptance by the birds. Another serious mistake, if it

had been so.

Lagoons de las Yeguas and Camino de Villafranca (Alcdzar de San Juan. Ciudad
Real). Laguna de las Yeguas is hypersaline. Its state of conservation is relatively
good. It is in danger of receiving contaminated water, as has already happened
because it is connected to the Camino de Villafranca lagoon by means of a canal.
This last lagoon has been the one that has received, for decades, untreated
wastewater from the town of Alcdzar de San Juan and its industrial park. These
waters were so poisonous that in a few minutes, they rusted a piece of metal that
was introduced into them. It has been completely emptied on different occasions.
The contaminated water has been conducted through the La Veguilla canal to the
Gigtiela River and directly to the Las Tablas de Daimiel National Park. It
currently receives water with a certain degree of treatment from the Alcdzar de
San Juan Treatment Plant, which is discharged right at the outlet of the treatment
plant, forming the La Veguilla lagoon. They have always been dangerous lagoons
because at the end of the summer, the botulism epidemic has always developed,
with significant mortality of birds. In recent times, it has been decided to empty
them of water as soon as the first dead birds appear and the water from the
treatment plant is sent directly to the Gigiiela riverbed.

Laguna de la Vega or del Pueblo (Pedro Muiioz. Ciudad Real). Lagoon of
endorheic origin is highly polluted by contributions of wastewater from the
village. It has always been a privileged lagoon for the reproduction of colonies of
Black-necked Grebes and White-faced Terns (Chlidonias hybrida), Ducks and
Common Pochards (Aythya ferina) and Black-headed Gulls, (Chroicocephalus
ridibundus) despite the fact that it has always been affected by botulism.
Currently, it dries up in some seasons to avoid mortality. The density of birds in
the breeding season is impressive.

Lagoons of Puebla de Belefia (Puebla de Belefia, Guadalajara). Both are not
located in La Mancha. In other times, with water, it housed an important colony
of Black-necked grebes. Currently, the water level is at —1.20 m, according to two
witness wells. Its state of conservation is very good, except for the lack of water
and the proximity of an airfield.

Ruidera Lagoons (Ruidera, Argamasilla de Alba, Alhambra and Villahermosa.
Ciudad Real) (Ossa de Montiel. Albacete). There are a total of 15 interconnected
lagoons, through which the water that communicates them runs in stages. Those
located at a lower altitude are the most interesting for birds. It is an area that
suffers strong tourist and real estate pressure. The volumes of water have
decreased notably due to irrigation located at the highest points.
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* Prado Lagoon (Pozuelo de Calatrava. Ciudad Real). It is of pseudokarstic and
seasonal origin. It usually dries up in summer. Numerous pairs of Avocet
(Recurvirostra avosetta) and Stilt (Himantopus himantopus) reproduce. During
the migratory period is visited by waders and in winter by ducks. It is located
next to the population.

* Lagoon of El Hito (El Hito and Montalvo. Cuenca). It is an endorheic lagoon of
573 hectares in a good state of conservation. Its greatest importance is hosting
large flocks of Cranes (Grus grus) on their autumn and spring migrations.

Spanish Inventory of Wetlands lists as existing lagoons that were dried up when
the river intakes were eliminated. As an example, the Arroyo Morén lagoon is one of
them. Dry since 1981. Other inaccuracies are due to the double annotation of the same
lagoon basin with a different name but identical coordinates. It is a great job but still
inaccurate.

The Ministry for the Ecological Transition and the Demographic Challenge has
published a short report on the state of Ramsar wetlands in Spain: About 12% of the
sites are well preserved, 15% is in a moderate state, 24% are in a poor state, 30% is in a
very poor state and 19% are under evaluation.

“Among the inland aquatic environments, floodplains have suffered a greater
degree of alteration, being entirely modified by man, followed by freshwater
wetlands (62% modified), karsts (54%) and saline (51%). Mountain lakes and
wetlands are those with the best state of conservation, as they have been less
intervened. On the other hand, more than two thirds of the inventoried coastal
wetlands are considered altered or degraded, while those that are conserved do not
reach one third” [10].

7. Conclusion

This account of part of the history of the evolution of the wetlands of La Mancha
leaves, once again, a strong bitter taste for some conservationists who saw the splen-
dor of the “tablas” of Villarta and Arenas de San Juan in 1972, the “Junta” of the
Zancara and Gigtiela Rivers, and Las Tablas de Daimiel National Park in 1975, and up
to the present 2023.

There has been no respect for wetlands or the National Park nor is there now. Very
few concrete actions are carried out. It is almost better that way, because when they
do one, are making mistakes of Conservation. Fortunately, nature always puts those
who plant tamarisk trees around the shores of Lagoon X in their place, drying up the
planted specimens.

Various villages close to lagoons have been equipped with treatment plants, but
the water that is discharged into them is not always adequately purified. Sometimes
due to breakdowns, other times due to lack of available budget, the treatment plant
does not work. The quality of the effluents from the treatment plants is not always
optimal, with untreated direct discharges being made into the beds of lagoons and
rivers.

Now, the objective seems to be to demonstrate that we have a lot of protected
territory. A set of figures and numbers in which the extension of wetlands is mixed
with other uses, reaching surfaces that place us in third place in the world in Ramsar
sites and first in Unesco Biosphere Reserves. Are really protected?
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La Mancha Hameda situation is so desperate that it calls for desperate measures.:
iTo each lagoon its well!. Conservation must fight with the same weapons as agricul-
ture. The excavation of a well in the vicinity of a lagoon, and the provision of an
extractor motor, would allow to control the adequate water levels. We must guarantee
water in the lagoons in the most sensitive biological periods. The hatred toward
wetlands seems to be carried in the blood and inherited. So many years and it seems
that we have not learned anything. We are arriving too late ...
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Chapter 5

Bird Diversity Changes in
Tervasaari, Savonranta, Finland
from 1989 to 2023

Heimo Mikkola and Anita Mikkola

Abstract

Birds are sensitive to climate and environmental changes and monitoring the
abundance and distribution of bird populations can be excellent barometers of the
health of the environment. To investigate bird diversity changes, a hobby like birding was
done from May 1989 until July 2023 on a forested island, at Lake Orivesi in Eastern
Finland. The main observation area was some 1 km to all directions from the house
mainly used for summer holidays. A total of 145 bird species were identified during
the 34 years, 108 during the first period 1989-2000, 102 during the second 2001-2013
and 114 during the third period 2014-2023. Abundance classification listed 48% of
species as common, 20% as rare and 32% as occasional. The population trend for
80% of bird species seen more than once or one year in 17% of species have upward
trend, in 16% of species trend is downwards and the remaining 67% of species are not
showing any clear changes. Bird feeding attracted 28% of species mainly during the
winter but later also almost all year around. Interesting behaviour changes have been
noted at individual and species levels during the feeding activity and in the use of the
nest boxes.

Keywords: long-term birding, climate change, bird feeding, the behaviour of birds,
fight for nest boxes

1. Introduction

Distribution ranges of bird species around the globe are expected to contract in
response to climate change. The first study addressing the potential consequences
of climate change on the biology of birds dates back 32 years [1]. Since then we have
gained tremendous knowledge in this field, and every week provides large amounts
of information through a steady stream of new publications [2, 3]. A lot of attention
has been paid to possible climate change impacts on bird diversity but often with very
short observation periods or only covering part of the species [4, 5].

One can read extremely alarming news about the state of the World’s birds accord-
ing to which one in eight bird species is threatened with extinction [6]. Similar news
from Europe indicates that whilst 47% of 463 bird species in the European Union (EU)
are in good conservation status, 39% are in poor and bad conservation status [7]. The
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fact that 14% of all EU bird species have an unknown status highlights the need for this
type of study [8].

We have done hobby-like birding on a forested island, at Lake Orivesi in Eastern
Finland from May 1989 until July 2023. This long-term data set makes it possible
to explore the bird diversity changes in that fairly remote area. The main observa-
tion area was some 1 km to all directions from the house mainly used for summer
holidays. This paper gives also several particular behaviours of different bird species,
especially those attending our bird feeding activities or using the offered nest boxes.

2. Material and methods

Since 1989, we have had a forest house in Tervasaari, Savonranta, 65 km south of
Joensuu and 70 km north of Savonlinna. Tervasaari is a small island at Lake Orivesi
in East Finland connected with a narrow road to the mainland. Over the years, we
have marked down most birds we have seen in the area, which is some 1 km to all
directions from the house. Our land includes 600 m of lakeshore and some 3 ha
of forest. First years we spent only the summer holidays in that area while work-
ing abroad and now after 2007 also winter-time birding has been possible. This
however did not affect much in the total bird numbers, as most of the species are
migratory.

Tervasaari has been occupied by humans at least for well over 300 years but
now only two houses are occupied a year around and two other houses are for
summer use only. Until 1900, slash-and-burn method was used in farming and
tree burning for tar gave even the name for the place (Tervasaari = tar island).
Also later the forest cover has been harvested to some extent but we have avoided

Figure 1.
Unfortunate forest harvesting of the neighbours. Photograph by Heimo Mikkola, Finland.
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falling any large trees from our area. Even the firewood is purchased from outside
the area. Small trees were harvested more when we had sheep during one sum-
mer. Neighbours are using their forests more effectively (see Figure 1), making

Figure 2.
Northern Hawk Owl Surnia ulula. Photograph by Esko Rajala, Finland.

Figure 3.
Great Grey Owl Strix nebulosa. Photograph by Esko Rajala, Finland.
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Figure 4.
Pygmy Owl Glaucidium passerinum. Photograph by Esko Rajala, Finland.

Figure 5.
Black Woodpecker Dryocopus martius. Photograph by Esko Rajala, Finland.
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Figure 6.
White-backed Woodpecker Dendrocopos leucotos. Photograph by Ari Rantamdki, Finland.

Figure 7.
Great Spotted Woodpecker Dendrocopos major. Photograph by Esko Rajala, Finland.
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our forest a haven for some forest species, like owls (Strigidae) (Figure 2-4) and
woodpeckers (Picidae) (Figure 5-7) etc. Figures 8-15 are illustrating some typical
and rare Tervasaari birds.

To reduce the possible inconsistencies in writing down every year’s observations
from most common birds, a standard number of years for each period was taken
from Chaffinch Fringilla coelebs, which is the most common bird species in Finland
[9]. Against that value, the occurrence index was calculated for each other recorded
species. Criterias used in abundance and population trend estimations were as
follows: C = Common (7 or more observation years); R = Rare (4-6 observation
years) and O = Occasional (1-3 observation years); U = upwards (at least 0.4 up),
D = downwards (at least 0.4 down) and N = no major trend up or down (less than

Figure 8.
Whooper Swan Cygnus cygnus. Photograph by Esko Rajala, Finland.

Figure 9.
Barnacle Goose Branta leucopsis. Photograph by Esko Rajala, Finland.
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Figure 10.
Sparrowhawk Accipiter nisus. Photograph by Esko Rajala, Finland.

Figure 11.
Commeon Crane Grus grus. Photograph by Esko Rajala, Finland.
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Figure 12.
Waxwing Bombycilla garrulus. Photograph by Esko Rajala, Finland.

A

Figure 13.
Red-flanked Bluetail Tarsiger cyanurus. Photograph by Jari Peltomdiki, Finland.

0.4 up or down), N/A = seen only once or during one year, so no population trend
estimation possible (Table 1).

Bird feeding was undertaken in all years after 2005. The main food served were
groundnuts, sunflower seeds, lard and one kg Tintin fat seed bars (60% of animal fat
plus oat, soy, vegetable oil and sunflower seeds). In addition, household food remains
were given mainly to the larger birds like crows (Corvidae) and gulls (Laridae). Every
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Figure 14.
Great Grey Shrike Lanius excubitor. Photograph by Esko Rajala, Finland.

Figure 15.
Pine Grosbeak Pinicola enucleator. Photograph by Esko Rajala, Finland.
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Number Species 1989-2000 2001-2013 2014-2023 Status/ Trend
Abundance
1 Gavia arctica 0 04 0.8 C U
2 Podiceps cristatus 0.5 0 0.2 R D
3 Podiceps griseigena 0.5 0.9 0.8 C U
4 Botaurus stellaris 04 0.7 0.7 C N
5 Ardea cinerea 0 0 0.1 O N/A
6 Cygnus cygnus 0.1 1.0 1.0 o U
Arctic geese 0 04 0.9 Cc 8]
unidentified
7 Anser fabalis 0 0.1 0.4 R
8 Anser 0 0 0.2 0} N
brachyrhynchus
9 Anser albifrons 0 01 0.2 (o] N
10 Anser erythropus 0 0 0.4 R U
1 Branta canadensis 0 0.1 0.1 0} N
12 Branta leucopsis 0 0 0.7 R U
13 Branta bernicla 0 0 0.4 R U
14 Anas penelope 04 04 0.8 C U
15 Anas crecca 04 0.2 03 C N
16 Anas platyrhynchos 04 0.1 0.3 C N
17 Anas querquedula 0.1 0 0 0 N/A
18 Anas clypeata 03 0 0 0] N
19 Clangula hyemalis 0 0 0.2 (0] N
20 Melanitta fusca 0 0.1 01 o N
21 Bucephala clangula 11 0.7 0.7 C D
22 Mevgus serrator 1.0 04 0.5 C D
23 Mergus merganser 04 03 0.7 C N
24 Pernis apivorus 03 0.1 0.2 R N
25 Accipiter gentilis 0.1 0 01 o N
26 Accipiter nisus 0.3 0.7 0.8 C U
27 Buteo buteo 03 0 04 R N
28 Aquila clanga 01 0 0.2 (0] N
29 Pandion haliaetus 04 0.2 04 C N
30 Falco tinnunculus 13 0.2 0.1 C D
31 Falco columbarius 0.1 0 0.1 (0] N
32 Falco subbuteo 0.6 0.2 0.3 C D
33 Falco peregrinus 0.3 0 0.2 R N
34 Tetrastes bonasia 0.1 0.3 0.5 Cc U
35 Lagopus lagopus 0 01 0 (0] N/A
36 Tetrao tetrix 11 03 04 C D
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Number Species 1989-2000 2001-2013 2014-2023 Status/ Trend
Abundance
37 Tetrao urogallus 0.3 0.2 0.4 C N
38 Phasianus colchicus 0.1 0 0 O N/A
39 Porzana porzana 01 0 0 (6} N/A
40 Fulica atra 0.1 0 0 O N/A
41 Grus grus 11 0.8 09 C N
42 Vanellus vanellus 04 0.2 0.2 R N
43 Lymnocryptes 0.1 0 0 (6} N/A
minimus
44 Gallinago gallinago 0.8 0.2 0 C
45 Gallinago media 0.1 01 0.1 R
46 Scolopax rusticola 0.8 0.2 0.8 C N
47 Limosa lapponica 0 01 0 0 N/A
48 Numenius arquata 0.6 0.8 0.4 C
49 Tringa nebularis 0.3 0.2 01 R N
50 Tringa ochropus 0 0.2 0.2 R
51 Tringa glareola 0 0 01 0] N/A
52 Actitis hypoleucos 0.5 0.7 0.5 C N
53 Hydpyocoloeus 03 0 0.1 R N
minutus
54 Larus ridibundus 0.6 04 0.2 C D
55 Larus canus 0.9 1.0 1.0 Cc N
56 Larus fuscus 01 03 0.2 R N
57 Larus argenmtu.v* 04 0.7 0.5 C N
58 Rissa tridactyla 0 0 01 O N/A
59 Sterna hirundo 0.5 03 0.8 Cc N
60 Sterna parvadisaea 01 0 0 o] N/A
61 Chlidonias niger 0 0 0.2 (0] N
62 Columba oenas 0 0 0.1 0} N/A
63 Columba palumbus’ 04 03 0.7 C N
64 Cuculus canorus 0.8 0.7 0.8 Cc
65 Bubo bubo 0 0.2 0.1 R
66 Surnia ulula 0 0 0.1 0} N/A
67 Clauﬁidimrf 01 03 03 C N
passerinum
68 Strix uralensis 03 04 0.2 o N
69 Strix nebulosa 0.1 0.2 0 R N
70 Asio otus 0 0.1 0 O N/A
71 Aegolius funereus 0 0.1 01 (0] N
72 Jynx torquilla 01 0 0 O N/A
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Number Species 1989-2000 2001-2013 2014-2023 Status/ Trend
Abundance
73 Picus canus 0 02 08 o U
74 Dryocopus martius 04 04 09 C U
75 Dendvrocopos major’ 13 0.9 1.0 C N
76 Dendrocogos 03 0 0.5 R N
leucotos
77 Dendrocopos minor’ 0.1 0.6 0.2 Cc N
78 Picoides tridactylus 0.1 0.1 0 O N
79 Hirundo rustica 04 0.1 0.2 R N
80 Delichon urbica 0.1 0 0.1 O N
81 Anthus trivialis 0.6 0.6 0.2 Cc D
82 Motacilla alba 13 1.0 0.6 C D
83 Bombycilla garrulus 0 0.2 0.5 C U
84 Prunella modularis 03 0.2 0.1 R N
85 Erithacus rubecula 1.0 03 0.6 C D
86 Luscinia luscinia 03 0 0.1 R N
87 Tarsiger cyanurus 0 01 0 0} N/A
88 Phoenicurus ochruros 0.1 0 0 (0] N/A
89 Phoenicurus 0.5 0.2 0.1 C D
phoenicurus
90 Saxicola rubetra 0.1 0 0 O N/A
91 Zoothera dauma 0 0.1 0 (0] N/A
92 Turdus merula 06 09 1.0 C U
93 Turdus pilaris 1.0 0.7 0.8 C N
94 Turdus philomelos 0.8 0.6 0.6 Cc N
95 Turdus iliacus 0.6 0.9 0.6 C N
96 Turdus viscivorus 0.1 0.1 0.1 R N
97 Accrocephalus 0.6 0 0.2 R D
schoenobaenus
98 Acrocephalus 01 0.1 0 (¢} N
dumetorum
99 Hippolais icterina 0.3 0.3 0 R N
100 Sylvia curruca 04 0.4 0.2 C N
101 Sylvia communis 0.1 0 0 (o] N/A
102 Sylvia borin 0.8 0.6 0.4 C D
103 Phylloscopus 0.4 0.2 0 R D
trochiloides
104 Phylloscopus 0.5 0.7 0.7 C N
sibilatrix
105 Phylloscopus 0.1 01 0.3 R N
collybita
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Number Species 1989-2000 2001-2013 2014-2023 Status/ Trend
Abundance
106 Phylloscopus 1.0 0.6 0.7 C N
trochilus
107 Regulus regulus 0 0.2 0 O N
108 Muscicapa striata 04 0.8 04 Cc N
109 Ficedula parva 0 0 01 (0] N/A
110 Ficedula hypoleuca 11 1.0 0.9 Cc N
11 Panurus biarmicus 01 0 0 (0] N/A
112 Aegithalos caudatus 0 03 0.2 R N
113 Poecile palustris 0 0.2 0.1 0
114 Poecile montanus’ 0.9 0.9 1.0 C
115 Poecile cinctus 0.1 0 0 O N/A
116 Lophopha‘:zex 04 04 04 C N
cristatus
117 Periparus ater’ 04 04 0.8 C U
118 Cyanistes caeruleus’ 1.0 0.9 1.0 C N
119 Cyanistes cyanus 0 01 0 0} N/A
120 Parus major 0.9 12 1.0 C
121 Sitta europaea 0 04 0.6 C
122 Certhia familmris‘ 01 03 04 Cc
123 Oriolus oriolus 0.8 0 0 R
124 Lanius collurio 0.1 0 0 (0] N/A
125 Lanius excubitor 0 0.1 0.2 (o]
126 Garrulus glandarius 01 0.3 1.0 C U
127 Pica pica 0.5 0.6 1.0 C U
128 Nucifraga 0 0.1 0 (0] N/A
caryocatactes
129 Corvus cornix’ 11 1.0 1.0 o N
130 Corvus corax’ 06 06 038 o N
131 Passer montanus 0 0 0.1 O N/A
132 Fringilla coelebs 1.0 1.0 1.0 C N
133 Fringilla . 0.3 03 03 Cc N
montifringilla
134 Carduelis chloris 01 1.0 1.0 C U
135 Carduelis spinus’ 0.6 0.6 0.9 C N
136 Carduelis flammea 0.3 0.4 0.5 C N
137 Loxia curvirostra 03 0.2 03 Cc N
138 Loxia pytyopsittacus 01 0 0.2 R N
139 Carpodacus 14 04 0 C D
erythrinus
140 Pinicola enucleator 0 0 0.1 (¢} N/A
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Number Species 1989-2000 2001-2013 2014-2023 Status/ Trend
Abundance
141 Pyrrhula pyrrhuld 0.8 0.9 11 C
142 Coccothraustes 0 0 0.2 R
coccothvaustes
143 Calcarius lapponicus 01 0 0 (¢} N/A
144 Plectrophenax 0 0.1 0.1 (0] N
nivalis
145 Emberiza citrinella 0.3 0.6 01 C D
Totals 108 102 114 69C; 29R; 470 20U;
18D;
78 N
29 N/A

Observations presented in three periods and recorded years of each species are divided with the same period years of
Chaffinch Fringilla coelebs, Finland’s most common bivd species [9]. C = Common (7 or more observation years);

R = Rare (4-6 observation years) and O = Occasional (1-3 observation years); U = upwards (at least 0.4 up),

D = downwards (at least 0.4 down) and N = no major trend up or down (less than 0.4 up or down), N/A = seen only
once or during one year, so no population trend estimation possible. *Species are seen to visit the bird feeding sites.

Table1.
Relative abundance of all bird species seen in Tervasaari, Savonvanta, Finland from May 1989 to June 2023.

year, new nest boxes, of different sizes and shapes, have been built so that the final
number of nest boxes is well over 50.

3. Results

Richness and relative abundance of all recorded bird species were studied from
May 1989 until July 2023. The observations were grouped into three parts, the first
part from 1989 to 2000, the second from 2001 to 2013 and the third from 2014 to
2023 (Table1). A total of 145 bird species were identified over the years, 108 during
the first period, 102 during the second and 114 during the third period. Abundance
classification listed 69 (48%) species as common, 29 (20%) rare and 47 (32%) as
occasional. The population trend was possible to identify only in species seen more
than once and in more than one year. Of total species, 116 (80%) were such and in
20 (17%) species trend is going upwards, in 18 (16%) species trend is downwards
and the remaining 78 (67%) species are not showing any clear changes. Bird feeding
attracted 40 (28%) of species mainly during the winter but later also almost all year
around as shown below.

4. Comments on some species
4.1 Black-throated Diver Gavia arctica
Black-throated Diver has been going upwards in Tervasaari waters same time

when Great Crested Grebe Podiceps cristatus has gone down although not known if
any linkage between these two changes exists.
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4.2 Arctic geese

We did not see Arctic geese migration in the early years as we were using the house
mainly during the summer. It is also, however, obvious that the amount of Arctic
geese, especially the Barnacle Goose Branta leucopsis has had a heavy population
increase in all of its northern distribution areas [10]. Winter survival of Barnacle
Geese has increased enormously because of their access to higher-quality food in agri-
cultural areas [11]. There are also indications that the migration route of the Arctic
geese has moved more towards the west bringing the geese just over Tervasaari [12].

4.3 Birds of Prey and Owls

Predation is often density-dependent, and a higher population density of prey
may feedback on the density of predator populations [2]. This was seen clearly in
the numbers of Sparrow Hawk Accipiter nisus, Ural Owl Strix uralensis and Pygmy
Owl Glaucidium passerinum, which have learned to visit our bird feeding sites. When
Sparrow Hawk comes visible, all birds feeding in the area will ‘freeze’ to death, not
moving even their eyes. The Red Squirrel Sciurus vulgaris regularly visits the feeding
place and also is freezing when noting the hawk. Magpie Pica pica is the largest prey
Sparrow Hawk that has been taken, so Squirrel has all reasons to be afraid. Pygmy and
Ural Owl may come near the feeding places as there are many voles under the feeders
but at least the first one takes readily also small Passerines forming a very important
part (up to 40%) of its diet [13].

4.4 Mammal visitors

Feeding place food may bring many mammal predators to the site. Eurasian lynx
Lynx lynx, Red fox Vulpes vulpes and Pine Marten Martes martes have learned to steal
our fat seed bars and lard, especially if we are not present in the house. Also, Eurasian
ermine Mustela erminae has been seen climbing the tree stump to reach the lard ata
height of two meters. Raccoon Dog Nyctereutes procyonoides visit the feeding sites but
get only some fallen sunflower seeds. Footprints of Wolverine Gulo gulo and Brown
Bear Ursus arctos have been seen in our yard but not near the bird feeding tables.
Sometimes Roe Deer Capriolus capriolus and White-tailed Deer Odocoileus virginianus
may also feed some sunflower seeds on the ground.

4.5 Bullying

Some species, like Greenfinch Carduelis chloris, are born to be bullies towards all
smaller species and often even towards the bigger ones, for example, against Bullfinch
Pyrrhula pyrrhula, which are less aggressive. However, Greenfinch did not dare to
disturb the feeding of Hawfinch Coccothraustes coccothraustes although harassing
same time the Bulffinch. Hawfinch was not minding the presence of other birds on
the feeding table. Siskin Carduelis spinus was often seen feeding side by side with
Hawfinch despite its huge bill and bull neck. Great Tit Parus major, especially male
birds are often bullying the smaller tits, like Eurasian Blue Tits Cyanistes caeruleus.
When food is plenty, fighting for it is less intense — even bullying.

The Red Squirrel or Jay Garrulus glandarius often keep the feeding table occupied
to those other birds or other Squirrels may not enter to feed themselves. However,
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agile Siskins and Willow Tits Poecile montanus often pick seeds despite the presence
of large feeders.

4.6 Learning

Many species like Waxwings Bombucilla garrulus and Redpolls Acanthis flam-
mea have learned to visit below the feeding table to eat the sunflower seeds, which
woodpeckers and jays were dropping down. Robin Erithacus rubecula did that same
but soon learned to go up to the feeding table. Some Blackbirds Turdus merula learned
obviously by observing the woodpeckers how to eat directly fat seed bars, although
their legs are not so good for hanging from the net protecting the bar. In addition,
Siskins and Long-tailed Tits Aegithalos caudatus have been feeding on the fat seed bars
without any problems.

4.7 Mutualism

Clear mutualism is when tits and blackbirds are waiting on the ground below the
fat seed bars that woodpeckers will drop small parts for them as well.

4.8 Fight for the nest boxes

Great Tit and Eurasian Blue Tit are reducing the nest box competition by reserv-
ing their favourite boxes early in the winter. The problem comes later when the Pied
Flycatcher Ficedula hypoleuca is returning from migration because it is a real fighter
for the nest boxes. Male birds try to steal the box, especially from Eurasian Blue Tits.
On 11/05/2021, three female Pied Flycatchers and one male kept the Eurasian Blue Tit
female inside the nest box by force so that the male Blue Tit was not able to feed the
incubating female. Later the Pied Flycatcher overtook that nestbox. When cleaning
the boxes, there have been cases of the Pied Flycatcher having built its nest over the
body of the Blue Tit. The Great Tit is stronger to defend its nesting and can sometimes
even harm the Pied Flycatcher.

4.9 Fight for the twig nests

Eurasian Hobby Falco subbuteo was seen fighting with the Hooded Crow for a
twig nest on 25/05/2017. Breeding of the Hooded Crow should have been over, so not
known if it was just defending the same year-used nest.

4.10 Common Gull Larus canus

On 16/07/2020, when feeding the fish from our pier with breadcrumbs, three
Common Gulls came to watch us (or rather small fish!). One Common Gull was much
tamer than the others were and was less than 10 m from us. From the game camera
photos, it was noted that one Common Gull was also visiting the feeding table.

4.11 Herring Gull Larus argentatus

One big-headed Herring Gull learned to visit the feeding table especially if some
Rainbow Trout Oncorhynchus mykiss remains were available. The same Herring Gull was
often following us during the fish feeding but not so close as the Common Gull above.
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4.12 Wood Pigeon Columba palumbus

Wood Pigeons have also realised that below the bird feeding table, they get easy
food. Two birds very often visited the site together but mostly eat only on the ground.
At least one of them has learnt to get seeds also from the feeding table.

4.13 Grey-headed Woodpecker Picus canus

This large woodpecker is often very peaceful with other birds sharing the fat
seed bars with tits without any problems. However, sometimes male Grey-headed
Woodpeckers did not want to share the food with White-backed Woodpecker
Dendrocopos leucotos male—both spreading their wings to drive the other away.

4.14 Great spotted Woodpecker Dendrocopos major

This species is a nuisance for smaller birds breeding in the nest boxes by breaking
through the walls to reach the young ones. It has been noted that if feeding birds also
during the early summer then the Woodpecker damages are much less. They bring
their own young ones to feed the seeds in the feeding place instead of breaking the
nest boxes. It seems always to be the male, which brings the young Woodpeckers to
learn to eat sunflower seeds. First, the father opens the seeds for the young ones until
they learn to do it themselves. The seed is placed into a small wood hole, which holds
it tight until the hardcover is removed.

One fat female Great Spotted Woodpecker decided that she is the only bird who
can eat sunflower seeds from our feeder. She attacked all other species from the size of
Siskin to the size of Hooded Crow.

4.15 White-backed Woodpecker

Aggressive behaviour was noted between the male White-backed Woodpecker and
the female Great Spotted Woodpecker very often. On 26/03/2016, three White-backed
Woodpeckers tried to stop one Great Spotted Woodpecker to enter the feeding table.

4.16 Jay

Normally there were four up to seven Jays in the feeding but on 22/04/2019 there
were 15 Jays in our front yard, obviously indicating some kind of return migration
from their wintering area if not just presenting several families, which have been
nesting nearby. On 16/04/2022, there were 5 + 5 (two families with the young ones)
Jays fighting like cats and dogs, which family should be able to feed themselves.
After a while, another family gave up and only one of the five groups remained in the
feeding.

4.17 Magpie Pica pica

Feeding visits often occurred only very early in the morning and normally alone or
not more than two together. One time, end of July 2019, ten Magpies were on the feed-
ing site, which may again is a sign of some invasion. Magpies are learning to spy on
the Jays when they are hiding the food from the feeding place. Not known how often
Jays are returning in vain to these food caches, which Magpies have stolen.
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4.18 Hooded Crow

In Tervasaari, Hooded Crow is a partial migrant and leaves the area during the
winter. Autumn departure timing is not so easy to note but happens usually between
the end of September and early November. After returning, the birds usually come to
announce their presence, so the timing was also easier to record. Over the years, Hooded
Crow returned to Tervasaari between 28 February and 29 March as shown in Table 2.

In 2014, we arrived from the UK too late in the spring to record the first arrival;
also in 2017, the recorded time is far too late to present the first arrival. In folklore,
we have a saying that the crows are returning on 24/2 [14] indicating that springtime
starts now later than before 1950 despite the overall climate warming.

4.19 Raven Corvus corax

Ravens hold territory during the entire year near their nesting locality and will
occasionally go for a ‘winter feeding trip’, for example, in rubbish dumps. Therefore, it
is possible that the closing of rubbish dumps influences the winter distribution of the
Ravens [15]. In old times, we had a wooden closure without cover for the household
food waste. Then the Ravens brought even the young ones to feed next to the house,
now the waste is in a closed composter and Ravens are not so regular visitors anymore.
The nesting site was also affected by forest harvesting.

4.20 Eurasian Blue Tit

In 2017, Great Spotted Woodpecker ate the Eurasian Blue Tit young ones from a
nest box in May. In early June, the same pair started a new nest in another nest box,
some 50 m from the first box. Again, the Great Spotted Woodpecker broke the box
wall and ate the young ones despite the plywood strengthening the wall of that box.
The third time that pair nested in a third box behind our sauna, and finally succeeded.
The young ones left that nest box on 24/07/2017 without any disturbance from the
Great Spotted Woodpecker. Unfortunately, summer feeding started only regularly
after 2017 as that stopped almost completely these Great Spotted Woodpecker attacks
on smaller bird nest boxes.

4.21 Chaffinch

During the spring migration, there has been some 50 Chaffinch in front of the house
but only three or four of those will dare to enter the feeding table. Those pairs that
remain in the site for breeding are later more regular in the feeding and will also encour-
age the later returning Bramblings Fringilla montifringilla to enter the feeding table.

4.22 Summer feeding

If feeding was continued until the end of June, many species, like Bullfinch,
Chaffinch, Great Tit, Greenfinch, Hooded Crow, Siskins and earlier mentioned Great
Spotted Woodpecker, bring their young ones to the feeding table. It is almost always
the male first feeding the young ones while teaching them how to eat sunflower seeds
and groundnuts. Interestingly, Eurasian Blue Tit does not bring the young ones but
visits the feeder and takes food to the young ones waiting nearby. Later well-flying
young ones come to feeding table independently.
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4.23 Forest harvesting

Our neighbours started to harvest their forests in 2019 and 2023 less than 100 and
500 meters away from our forest. The disappearance of old spruce forests affected imme-
diately the abundance of such species as Willow Tit, Crested Tit Lophophanes cristatus
and maybe also Coal Tit Periparus ater. Next summer will show if these species have
disappeared forever as it now started to look during the 2023 winter feeding. Elsewhere
in Finland modification, fragmentation and loss of boreal forest are known to have a
major role for instance in the decline of the Crested and Willow Tit populations [16, 17].

5. Discussion

In this study, we noted an increase in Black-throated Loon and a decrease in Great
Crested Grebe. That same change was noted in a country-wide inland water study [18]
in which 10 of the 16 common waterfowl species showed significant declines and only
three species (Whooper Swan Cygnus cygnus, Mallard Anas platyrhynchos and already
mentioned Black-throated Loon), have increased in 1986-2018.

Our results show a decline in the populations of the Little Gull Hydrocoloeus
minutus and Black-headed Gull Larus ridibundus. The overall decrease in waterfowl
has been connected to the low number of Black-headed Gulls [18]. While breeding
in the large gull colonies, the waterfowl enjoyed good protection against raptor and
mammal predation [19].

On the European scale [20], the status of the Common Snipe Gallinago gallinago
has changed from least concern to vulnerable primarily due to habitat loss and
degradation in its breeding grounds. Our results confirm this after the neighbour was
drying the nearby marsh where this bird was breeding. Common Snipe has not been
recorded in this study since 2011. Marsh drying was destroying also the breeding
place of Little Gulls and Black-headed Gulls.

A different story is the Great Spotted Woodpecker, which on a European scale [20]
has a declining population due to unsustainable forestry practices but in our area is
doing very well mainly due to feeding operations. Rapid increases of Grey-headed
Woodpeckers and Blue Tits have been noted in this study as well as in the country-
wide study [16] and the most likely reason is again the improved food supply due to
winter-feeding.

Wintering bird populations can track habitat and climate change better than
breeding populations [15]. A typical example is the Eurasian Jay, which has benefitted
from global warming since its population range has expanded in Finland [21]. The
Eurasian Jay increased in our study period from 0.1 to 1.0 and is also more common
and abundant elsewhere in the Finnish winter-feeding sites [22].

6. Conclusions

The range and distribution of bird species worldwide are shifting in response
to climate change, which can affect species occupancy either directly by exceeding
physiological constraints (e.g., heat tolerance) or indirectly by altering resource
availability or other ecological conditions [23]. Since 1980, a loss of 560-620 mil-
lion individual birds has been reported, that is, 17-19% of the overall breeding bird
abundance in the area of the European Union [24, 25]. Based on regional and global
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alarming reports on climate change, one would have expected much more drastic
changes in our study area. A total of 145 bird species were identified during 34 years,
which represents 32% of the European breeding species [25]. Only 16% of the 116
regular species have been recorded to go downwards while almost the same amount
(17%) of the species have shown an upward trend in their occurrence between 1989
and 2023. Naturally, the small study site is a well-protected area from many anthropo-
genic impacts, including water and air pollution, urban noise and light disturbance,
and the feeding of the birds and numerous nest boxes have assisted their survival and
diversity. The future of Tervasaari birdlife does not look as good as two next-door
neighbours were harvesting heavily their forests in 2019 and 2023. Remains to be seen
how badly the disappearance of the old spruce forest will affect the abundance of
birds listed in this study.
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Chapter 6

Influence of Agriculture on the
Resilience and Trophic Cascade in
a Savanna Bird Community of the
Serengeti Ecosystem, Tanzania

Ally K. Nkwabi and Pius Y. Kavana

Abstract

Agriculture is one of the factors contributing to the global depletion of natural
resources. A total of 228 bird species were recorded in the savanna of Serengeti
National Park and 146 bird species in agricultural areas. The richness of bird spe-
cies endemic to the Serengeti ecosystem, regional and Africa-wide geographical
ranges were all higher inside Serengeti National Park compared to agricultural land.
However, a greater proportion of endemic bird species dropped out in agriculture
compared to the proportions of species with wider geographic ranges. With respect
to the trophic level in agriculture, there was a greater proportional decrease of species
(compared to savanna) at the predator trophic level (vertebrate feeders) than at the
insectivore and herbivore trophic levels. Therefore, higher feeding levels were less
able to tolerate changes in habitat structure due to agriculture than species at lower
feeding levels. These results suggest that Park managers should encourage through
education and participation of local communities on the importance of improving
their agricultural habitats by promoting the regeneration of patches of native vegeta-
tion so that more vulnerable species, such as endemics, and raptors can exist there.

Keywords: conservation, climate change, birds’ distribution, disturbance,
environmental drivers, human modified habitats

1. Introduction

Agriculture is one of the factors that contribute to the global depletion of natural
resources [1-4]. Land clearing and encroachment are the main contributors to the
decline of wildlife and local species extinction worldwide [5-8]. The increase in
human population has resulted in the rise in demand for land for settlement and
food to meet the body requirements of people. Over the last four decades, areas
adjacent to Serengeti National Park have experienced huge population growth
[9, 10]. The period between 1957 and 1977 recorded the highest rate of population
increase, some 10% per annum. Of this, only 3.4% was due to natural increase while
the rest was due to immigration [9-11]. The current population in the seven wards
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to the west of the park is over two million with an annual growth rate exceeding the
national average of 2.9% [11, 12].

Human activities such as overgrazing, deforestation, bushfires, mining, urbaniza-
tion, and cultivation as well as climate change have aggravated the ability of bird spe-
cies to disperse into new habitats [13, 14]. These two factors, therefore, have resulted
in degradation or modification of habitat structure with consequent decline of avian
food resources.

Tanzania has reserved about 40% of its land as protected areas [15]; these are
distributed throughout the country and are largely located adjacent to rural com-
munities. The majority of these rural communities depend on crops and livestock for
their livelihoods; thus, a considerable number of people have settled around buffer
zones surrounding protected areas where they believe that the land is fertile and there
is sufficient grazing land [9, 16, 17]. Kideghesho et al. [11] showed that there was a
52% increase in livestock from 175,680 to 266,624 from 1990 to 2011, respectively
within areas adjacent to the western Serengeti National Park. At the same time, the
expansion of arable land and settlement in villages has led to the shrinkage of grazing
land for livestock [9, 10]. This density is now well above the livestock carrying capac-
ity, which was already exceeded a decade ago [11, 18]. Livestock numbers have been
reported to increase at the peripheral of protected areas likely to impact severely on
the native vegetation and expected to influence wildlife daily activities in the park.

1.1Interaction of environmental change with agriculture areas

In tropical regions, the main climate variable is rainfall rather than the tempera-
ture which is the dominant variable at higher latitudes. Rain in the Serengeti ecosys-
tem typically falls in a bimodal pattern, with the long rains during March-May and
the short rains during November-December [19]. However, the rains can fuse into
one long period, particularly in the north, or the short rains can fail entirely, espe-
cially in the southeast [19]. Most importantly the Serengeti ecosystem has a strong
gradient in the total annual rainfall from 500 mm in the southeast to 1100 mm in the
north and west [19]. The wettest part of the ecosystem is in the agricultural region of
northwest Serengeti National Park around Mugumu and Tarime [20, 21]. If hypothet-
ically the Serengeti National Park becomes drier than the savanna bird community
within, it would move up the rainfall gradient into the agricultural region. Although
most bird species avoid agricultural areas, nearly 30% of all birds regularly or occa-
sionally use such habitats [22, 23], often providing important ecosystem services,
such as pest control, pollination, seed dispersal, and nutrient deposition [22, 24].

The main environmental driver in Serengeti National Park is rainfall, with tempera-
ture being of lesser importance, although it may still have a subsidiary influence [25, 26].
Animal communities in Serengeti National Park respond to changes in rainfall; if condi-
tions become drier communities will move toward wetter regions. To understand how
climate change might affect the Serengeti National Park through changes in rainfall the
bird community was taken as a case study. Within the Serengeti National Park, birds are
constrained in how far they can move along the rainfall gradient in response to climate
change because there are barriers from the human settlement at the edge of the park
boundary in the north and west. If conditions become drier, birds will move toward wet-
ter areas which now are severely modified by agriculture. Trees are largely absent, native
grasses are replaced by monocultures of domestic crops, and shrubs become abundant
along hedgerows. As a result bird species have responded differently to this habitat
modification in the village lands [1, 23, 27, 28].
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Climate change has already affected bird distributions in the northern temper-
ate regions such as Europe and North America [29-33]. Far less is known about how
climate can affect the distribution of birds in the tropics. It has been postulated that
savanna woodlands make up most of Africa’s tropical tree cover, but savannas are
widely thought to be declining rapidly under both direct human impacts and indirect
human-induced climate change [34-36]. With climate change, species’ geographic
distributions are expected to change. Bird species may become locally extinct in exist-
ing protected areas that are no longer environmentally suitable but cannot move into
more suitable areas because of habitat modification by humans [36-38]. Therefore,
the conservation of vulnerable bird species may require new areas that are currently
both unprotected and climatically unsuitable but could become suitable later [39-43].

1.2 The importance of disturbance in ecological communities

The number of relatively undisturbed ecosystems in the world is decreasing
rapidly and living organisms are confronted with man-made challenges, including
climate change and habitat destruction. By the year 2050, 15-37% of existing animal
and plant species on earth are predicted to become extinct [37, 44, 45] and half of all
species on earth may experience extinction by 2100 [46]. It is important to predict
how current man-made challenges will affect key species in ecosystems, so that, if
possible, steps can be taken to ameliorate these threats.

There is much scientific concern that the loss of living organisms will reduce the
capacity of our ecosystems to provide important services for human populations.
Examples of such services are primary production, nutrient cycling, mineral cycling,
and pollution control [47-50]. In addition, the consequences of species extinction
on ecosystems may not be detected until it is too late to reverse the loss [51]. Some
ecosystems respond to disturbances by losing a few species at first but many more
later on; so a need for conservation authorities management to reverse species loss
would benefit from early detection [51, 52]. Responses of biota including changes
in physiology, productivity, and growth have been caused by human activities and
climate change acting upon their habitat [53, 54], and changes in species distribution
and abundance due to migration and range shifts have also been caused by habitat
loss [55].

Tolerance limits are usually defined in terms of environmental parameters such
as temperature, rainfall, altitude, or habitats but they can be complex involving a
mixture of all these plus tolerance of predation [56]. Tolerance limits are situations in
which living organisms cannot distribute, survive, grow, or reproduce under limited
environmental factors [56]. Distribution of organisms can be endemic (with narrow
distribution), regional, or Africa-wide ranging depending on the environmental
factors of a particular area.

There has been much study of the pattern of wide-ranging or narrow-ranging
species in terms of wide tolerance or narrow tolerance of these factors, in order to
understand what causes areas of high diversity in the world [57-59]. This study uses
the variation in distribution and hence tolerance limits to predict which species are
most susceptible to man-made disturbances in the form of agricultural modification
of habitat.

Agriculture around protected areas is one of the major threats to wildlife conservation
in Tanzania [1, 9, 60-62]. Cultivation and livestock husbandry around national parks and
game reserves affect natural resource conservation in Tanzania [63, 64]. The confine-
ment of high densities of livestock on village lands causes overgrazing, soil erosion, and
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siltation of water bodies ultimately causing ecological imbalance, which interferes with
ecological resilience [9, 10, 22, 65, 66]. Due to inadequate and poor quality pasture on
these village lands, the livestock owners in some villages of western Serengeti National
Park have been pressing the government to legalize access to critical grazing and water-
ing points in Grumeti, Ikorongo, and Kijereshi Game Reserves [11, 66]. These villagers,
however, are continuing to use the areas illegally in order to survive. Little information
is available to describe how birds with different tolerance limits or feeding levels are
affected by these habitat disturbances from agricultural modification.

The main objective of the study was to examine the effects of agriculture on the
trophic cascade in savanna bird communities. The study had two specific objectives:
First, to compare how species of birds with narrow ecological tolerance limits respond
to anthropogenic disturbance of habitat (agriculture) in comparison to those with
wide tolerance limits (Africa-wide species). Second, to compare how savanna bird
species at different trophic levels respond to disturbance in human-modified habitats
such as agriculture.

We hypothesized that endemic bird species with narrow ecological tolerance limits
lose a greater proportion of species through agricultural modification of habitats than
do bird species with wide ecological tolerance limits. Also, bird species in higher feed-
ing guilds lose a greater proportion of species through agricultural modification than
do species at lower feeding guilds.

2. Materials and methods
2.1 Study area

The study was conducted in Serengeti National Park (14,763 km?) located between
33°50'-35°20" E and 1°28’-3°17’ S (Figure 1). The park occupies an extensive upland
area varying in elevation from 1162 m at Speke’s Gulf to 1860 m above sea level in the
northeast [67]. Serengeti National Park is characterized by grassland, savanna, closed
canopy riverine forest, rocky outcrops, rivers, and alkaline lakes (Figure1).

The climate shows a relatively constant monthly mean and maximum tempera-
ture of 27-28°C taken daily in the morning (9:00 AM) and afternoon (3:00 PM) at
Seronera [19]. The minimum temperature varies from 16°C in the hot months of
October-March to 13°C during May—August. Rain typically falls in a bimodal pattern,
with the long rains during March-May and the short rains in November-December
[19]. However, the rains can fuse into one long period, particularly in the north, or the
short rains can fail entirely, especially in the southeast of the park [67].

2.2 Bird survey in agricultural and savanna habitats

Data in Serengeti National Park and in agricultural areas immediately outside the
Park were obtained by similar methods to allow comparisons of the bird communi-
ties in the two study areas. The bird community was sampled along road transects
in native savanna and through villages. Both transect and point count methods were
used to record bird species, their numbers, and their habitats. Transects in both
savanna and in agriculture were established using roads. A total of five set points
of 100 m x 100 m along each transect in savanna and agriculture was established,
marked by using the Global Positioning System (GPS) Garmin 12 XL made in Taiwan.
Points along transects were spaced 2 km apart.
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Figure 1.
Map of Serengeti National Park showing vegetation types. Black dots show bird sampling plots (Map provided by
the Tanzania Wildlife Research Institute-GIS, 2023).

At the five set points established along each transect birds were recorded by sight
or by hearing the call for 10 minutes. Transects were driven in the morning from 0615
to 1100 hours. The vehicle traveled at 3 km per hour and observers on each side of the
vehicle recorded birds within 50 m on either side of the vehicle. For the agricultural
area, only data from those parts of transects that fell within cultivation or habitations
were used in this analysis. Cultivation comprised small fields of crops, hedgerows,
and small areas used for grazing, usually 2-3 ha in size. Cultivation extended from 0.2
to 1 km on either side of the transects.

Three transects were established in agricultural areas. One was from Fort Ikoma
through Mugumu town to Tabora B gate (80 km), a second ran from Mugumu Town
to the Park boundary at Nyamburi village (40 km), and the third was from Fort
Ikoma park headquarters to Isenye village (60 km). Transects were repeated every
year between June 1997 and December 2011, the same observers who worked on the
long-term project of the Serengeti Biodiversity Program conducted the surveys. Data
from all transects were pooled across years to construct the sample for agricultural
land.

Six transects within the Serengeti National Park provided the sample for the native
savanna. These were: (i) Along the Mbalageti River (40 km), (ii) Along the southern
edge of the woodlands where they meet the plains near Seronera (20 km), (iii) In the
central woodlands near Banagi hill (20 km), (iv) In the northeast around Togoro and
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Lobo (20 km), (v) In the northwest around Tabora (40 km), and (vi) In the far west
around Ndabaka (40 km). These were a subset of a much larger sample of permanent
road transects surveyed by the Serengeti Biodiversity Program. These transects were
counted at intervals of six months from 1997 to December 2011. Data were summed
across years for agricultural areas.

3. Data analysis

In comparing species richness between agricultural areas and the savanna of
the Serengeti National Park the data were divided into two ways. First, species were
examined according to differences in their geographical range within Africa as pub-
lished in Sinclair and Ryan [68] and the seven volumes of the handbook “The Birds
of Africa” [69, 70]. Three groups of geographical ranges were considered: (i) local
endemic species found only in the Serengeti ecosystem, (ii) regional species confined
to East Africa, and (iii) Africa-wide species (see Appendix 6).

Secondly, bird species were divided according to their feeding guilds,
Simberloff and Dayan [71] defined a feeding guild as a group of animals that feeds
on similar food types. A feeding guild can be a subset of a trophic level. Birds that
feed on other birds, rodents, reptiles, amphibians, and fish were classified as ver-
tebrate feeders (e.g. raptors, owls, and herons). Insectivorous birds were defined
(for convenience) in this study as those that feed on arthropods, which includes
insects, and also non-insect arthropods such as spiders and centipedes. Birds that
feed on herbs, seeds, and fruits were all grouped in a feeding guild of herbivores
(see Appendix 6).

Bird data were tested for normality using Kolmogorov-Smirnov (KS) test [72]. The
data were not normally distributed even after transformation. Therefore a com-
parison of birds between agricultural land and the natural savanna of the Serengeti
National Park was compared using the non-parametric test [72]. Bird species richness
was estimated using the method of rarefaction given in the program of ecological
methodology version 7.1 [73]. Because the sample within the protected area was
much larger than that for agricultural areas the ‘rarefaction’ method was used to
accommodate the difference in sample sizes. Rarefaction is a statistical method for
estimating the species richness in a given sample of individuals. It allows two samples
of different sizes, representing different sampling efforts, to be compared [74]. For
example, within a given category of data, such as vertebrate feeders in agriculture, the
program estimates the probable number of species in different sample sizes say 50,
100, 500 individuals etc. up to the total sample size. The same procedure was used for
the sample from savanna with which the data for agriculture are being compared. For
all tests P < 0.05 was considered significant. There are two restrictions on the use of
this method [74]. First, the groups of species being compared must be from the same
feeding guild in each habitat. Second, the sampling method for estimating abundance
must be similar.

Shannon-Wiener diversity (H') indices were tested for significant differences by
using the randomization test [75] to detect whether Savanna bird diversity changed
when habitats were modified by agriculture [76]. Comparisons of abundance in agri-
culture and natural Savanna within each bird feeding guild used the Mann-Whitney
U-test for independent samples [72].
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4. Results
4.1 Agricultural effects on the resilience of the bird community

A total of 228 bird species were recorded in the savanna of Serengeti National Park
and 146 bird species in agricultural areas. Estimates for species in the three range
categories are presented in Figure 2. In agriculture, a sample of 3233 individuals was
obtained which comprised of 88 species. In the savanna, a total of 150 species were
recorded but for the same sample size as that for agriculture 97 species were estimated
using Rarefaction. The rarefaction curve for Africa-wide birds showed higher spe-
cies richness inside Serengeti National Park than in agricultural land. Initially, with
the small sample size Africa-wide species in agriculture were greater in number than
for the same sample size in the Serengeti National Park. However, as sample size
increased the number of species in agriculture leveled out while those in Serengeti
National Park continued to increase. Although there were more species in Serengeti
National Park the difference was not great; some 9.3% of species were not observed
in agriculture. The broad habitat niches of these species allowed them to tolerate the
habitat modifications from agriculture.

For regional bird species in East Africa, a total of 55 species were sampled from
the agricultural areas. The total number of bird species recorded in the Savanna
was 109 but for the same sample as that for agriculture, the sample size in Savanna
was reduced to 83 species. For local endemic bird species, 5 species were recorded
in agricultural areas and 8 in Savanna for the same sample size but the total number
in Savanna was 17. From rarefaction curves in Figure 2, the number of savanna bird
species continued to increase as the sample size of individuals increased whereas the
number of endemics in agriculture reached an asymptote. This result indicates that
if alarger sample size had been obtained in agriculture there would be even larger
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Figure 2.

Ra%'efaation curves for the number of bivd species relative to the number of individuals counted along transects
in agriculture (open circles) and the adjacent native savanna of Sevengeti National park (closed circles) with
respect to their geographical range in Africa. A. Africa-wide species. B. Regional species with an East African
distribution. C. Local endemic species confined to the Sevengeti ecosystem or areas close by. Vertical lines are
standard error.
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differences in the number of endemic species. The rarefaction curves show that the
more restricted the geographical range of species the greater the loss of species when
habitats were modified by agriculture. Thus, the proportion of species not observed
in agriculturally modified habitats when compared to savanna was 9% for Africa-
wide species, 34% for regional species, and 44% for local endemic species.

4.2 Effects of agriculture on the trophic cascade and food web stability

A comparison of bird diversity using the Shannon-Wiener index shows a
difference between Serengeti National Park and agricultural areas. Herbivores
(H' = 3.261) and insectivores (H’ = 3.432) in agricultural areas have higher species
diversity when compared with herbivores (H' = 2.897) and insectivores (H' = 3.359) in
natural Savanna of Serengeti National Park. In contrast, birds that feed on vertebrates
in natural savanna have higher species diversity (H' = 2.620) than in agricultural areas
(H' =2.236; Figure 3). These differences in species diversity between Serengeti National
Park habitats and agricultural areas in the three comparisons above were significant
(P < 0.05).

Rarefaction estimates for species in the three feeding guilds are presented in
Figure 4. For herbivores, a total of 51 species were recorded from a sample of 2350.
For the same sample size in Savanna, there were 60 species estimated but the total
was 79 species in all from the total sample. Insectivores are the dominant guild in
the avifauna and so more species were recorded for this group than for herbivores or
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Figure 3.

Diversity indices for bird species observed and categorized according to their feeding guilds along transects in
agricultural land and the adjacent native Savanna of Serengeti National Park. Vertical lines represent standard
ervors.
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Figure 4.

Ra%’efaction curves for the number of bivd species relative to the number of individuals counted along transects in
agriculture (open circles) and the adjacent native savanna of Serengeti National Park (closed circles) with respect
to their feeding guild. A. Herbivore species. B. Insectivore species. C. Birds that feed on vertebrates. Vertical lines
represent standard errors.

vertebrate feeders. In agriculture, the total sample of 1983 produced 77 insectivores
observed species. For the same sample size in the savanna, rarefaction estimated 90
species although the total number of species was 145 for the complete sample. There
were 13 species of vertebrate feeders from a sample of 81 in agriculture. The equiva-
lent number of species in the savanna was 21 from the same sample size with a total of
47 species recorded from the complete savanna sample. In summary, agriculture had
15% fewer herbivore species, 14% fewer insectivore species, and 38% fewer verte-
brate feeders than those in savannah (Figure 4).

Differences in the abundances of birds in agriculture (7,griculture) and Savanna
(Psayanna) Were tested with the Mann-Whitney U test. At all three trophic levels, there
was a significantly higher abundance of birds in the Savanna than in agriculture.
Thus, for herbivores U = 763.5, (#avanna = 70, #agricutture = 43, P < 0.00001), for insecti-
vores U = 1862.0, (%syanna = 109, Zagriculture = 52, P < 0.0004) and for vertebrate feeder
U = 85.0, (nsavanna =23, Nagriculture = 14, P < 0016)

5. Discussion

This chapter examines the effects of disturbance on the distribution of bird
communities in the savanna, and in particular the effects of habitat modification
through agriculture. In the introduction, it was predicted that if wide-ranging species
had broad habitat tolerance then such species should be able to tolerate agricultural
modifications better than bird species with small ranges and narrow habitat require-
ments. Secondly, it was predicted that since the effects of disturbance are magnified
up the trophic food chain [77] agriculture should have greater effects through the loss
of species on higher trophic levels. These two hypotheses are discussed in detail below.

5.1 Agricultural effects on the resilience of the bird communities

These results indicate that birds in agricultural land may be affected by human
activities through the planting of crops, the change in the herbaceous and shrub
communities, and the removal of trees, all of which birds use for foraging, nesting,
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and perching. In general, the evidence supports the hypothesis that major changes to
habitats such as agricultural modification causes bird communities to change, with
species with broad niches and wide tolerance limits being more able to withstand

the change than those with narrow ecological niches. Using the range of a species

in Africa as the indicator of wide or narrow tolerance limits it was predicted that a
greater proportion of local endemics would be lost in agricultural habitat than would
species with broader habitat preferences, the Africa-wide species. The results are
consistent with this hypothesis.

Local bird species with narrow geographical ranges have a lower tolerance to habi-
tat change [78] and therefore are less able to survive in agricultural land compared
to Africa-wide species with wide geographical ranges and ecological tolerance. The
greater decrease of local endemics bird species when habitats changed from natural
Savanna to agriculture was probably due to a combination of changes in habitat struc-
ture in agricultural land, such as loss of trees, monocultures of crops, and perhaps
more exotic plants which do not provide suitable habitat for their survival. Habitat
loss, overhunting, and animal disease could be factors contributing to the greater
loss of local endemic birds in agricultural land. These factors promote protected area
isolation by restricting birds’ movement and dispersal.

These findings are consistent with other studies. Waltert et al. [79] reported a
decline of endemic birds; they observed species composition gradually changed as the
habitat transformed from natural forest to agricultural land in Sulawesi, Indonesia.
Bolwig et al. [80] recorded biodiversity change in the forest under agricultural inten-
sification in Uganda’s farmed landscapes and reported a decrease in bird abundance
and species richness with land use intensification. Neuschulz et al. [81] showed that
patches of natural forest in South Africa were essential for the conservation of local
endemic bird species while generalist species were able to expand into and tolerate
modified and degraded forest habitat.

Agricultural activities outside protected areas have resulted in changes in veg-
etation from diverse natural plant assemblages to cultivated land with large areas
of single domestic crops and low diversity of indigenous plant species; crops also
result in an increase in exotic plant species that are not suitable for the survival of
local endemic bird species [82, 83]. Many studies of birds that compared protected
areas with agricultural land have shown a dramatic decrease in bird species in the
agricultural area [1, 20, 84-87]. Similarly, Moreau [88] reported that intense habitat
alteration by human activities has contributed to the disappearance of many species
of birds. Land-use changes have also led to land degradation, which in turn negatively
affects the species richness of birds [89-95].

5.2 Agricultural effects on the trophic cascade and food web stability

It was predicted that disturbance was intensified up the food chain so that more
species would be lost at higher trophic levels due to agriculture. There was a drop in
vertebrate feeders when compared to the lower trophic levels. The sharp decrease
in the number of vertebrate feeders in agricultural land may have resulted from an
increase in human activities through the removal of trees that birds use for nest-
ing and perching. Another possibility is that the food items present in agricultural
land may differ in type, abundance, and availability. Because disturbance becomes
magnified up the trophic level, vertebrate feeder experiences greater effects than
species at lower trophic levels and the results of this study have indicated this effect.
This change in the trophic structure could result in more marked fluctuations in the
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biota if there is a top-down control in the food chain of the Serengeti ecosystem.
Top-down control is defined as the limitation of population numbers at one level

by species at higher trophic levels [96, 97]. There is considerable evidence that
top-down control commonly occurs in all terrestrial ecosystems, as synthesized in
Terborgh and Estes [98] and Estes et al. [99]. Top-down control in the Serengeti
ecosystem is continually occurring. Nkwabi et al. [100] observed that insectivorous
birds appear to limit insect numbers in grasslands and predicted that any removal of
birds that feed on insects along agricultural land could result in an increased insect
population which are pests for crops, and could become a problem for agricultural
food production.

Another evidence reported by Byrom et al. [101] who studied the importance
of black-winged kites formerly was black-shouldered kites (Elanus caeruleus) and
the study was related to rodent pest control. They suggested that raptors in natural
Savanna control the numbers of rodents that are pests for agricultural grain stores.

In agricultural areas, these raptors are almost absent and rodent populations are six
times higher than those in natural Savannas [101]. Thus, the absence of top trophic
level birds could result in a pest problem eruption of rodents. The increase in rodents
will result in food chain collapse due to pest control problems which will face farmers
in communal lands that will lead to decreased food storage.

These results suggested that any decrease in insectivore and herbivore bird species
diversity in Serengeti National Park will result not from a decline in the number of
species but from the very large numbers of some individual populations, particularly
those of granivorous such as queleas, bishops, widowbirds, and whydahs. These num-
bers have reported to be resulted in lower diversity estimates, although the overall
richness was higher in Savanna.

The lower species diversity and richness of vertebrate feeders in agricultural land
were probably due to increased human activities including deforestation, overgrazing,
and increase in pesticide use, poisoning of predators, overhunting, and direct harass-
ment. This finding agrees with the hypothesis that top-feeding guild bird species are
less able to tolerate change in habitat compared to species at lower feeding guilds.
Generally, disturbance becomes magnified up the feeding guild so that birds that feed
on vertebrates experience disturbance more than do herbivores [102, 103]. It has been
shown that agricultural activities are among the factors that influence raptor species
richness and abundance, raptor numbers within 30 km of protected area boundaries
were 40% lower than those in the interior protected area [104]. Agriculture also has
an effect on populations inside protected areas close to boundaries [103, 105, 106].

The decrease in species richness of herbivorous and insectivorous birds in agricul-
tural land was probably due to a reduced number and diversity of native tree, shrub
and herb species, and the diversity and abundance of invertebrates which are a source
of food for most bird species, as has been shown around Serengeti National Park [1]. In
addition, a few granivorous such as queleas and widowbirds have increased in abun-
dance by taking advantage of the grain crops. Hulme and Cresswell [107] observed
that agricultural habitat with monocultures of cereal crops like maize, sorghum, and
millet was more attractive to some bird species than the woodland and shrubs of native
Savanna around Jos in Nigeria. In contrast, Dhindsa and Saini [108] reported an increase
in the richness of some granivorous bird species in the agricultural habitats in India.

Finally, the foraging efficiency of insectivorous and herbivorous birds can be
influenced by predation risk due to changes in vegetation structure and abundance. It
has been suggested that increased predation rates may result in declines of some bird
species in agricultural land [109, 110].
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6. Conclusion and recommendation

The main objective of the study was to examine the effects of agriculture on two
aspects of the Savanna bird community. First, how did agriculture affect species
that differed in range within Africa? The study aimed at finding out whether birds
that are endemic, regional, and Africa-wide ranges differed in their sensitivity to
habitat change due to agriculture. Second, how did agriculture affect species at dif-
ferent trophic levels? The study tested the prediction that birds at top feeding levels
(vertebrate feeders) were less able to tolerate change in habitat compared to those
species at lower feeding guilds (insectivores and herbivores). The results showed
a greater proportional loss of endemic species compared to wider ranging species
when the habitat was changed to agriculture. In general, local endemic bird species
in the Serengeti ecosystem showed less tolerance to habitat change in agricultural
land.

Secondly, top feeding guilds lost proportionately more species than lower feeding
guilds when habitat changed to agriculture. Thus, vertebrate feeders were less able
to tolerate changes in habitat structure in agricultural land compared to the lower
trophic levels of insectivores and herbivores. This result is important because there
is a known top-down control by predators on lower feeding guilds in the food chain.
Vertebrate feeders appear to limit rodent numbers [101] and insectivorous birds
control insects [111] in Savanna compared to agriculture. Therefore, the disappear-
ance of vertebrate feeders and insectivores could result in higher levels of rodents and
some insect pests in agricultural land. The effect of food chain collapse becomes a pest
control problem facing farmers.

Findings from this study imply that if climate change causes the system to move
up the rainfall gradient, birds will possibly also move into agricultural areas and so
lose the fragile species. These movements of birds in East Africa toward wetter areas
(because of environmental change) have now been documented by Beale et al. [112];
thus, these losses of birds have taken place since then. If such losses of birds are typi-
cal of agricultural landscapes in East Africa, then many of the African savannah birds
will become confined to protected areas in the next few decades [112] and some of
these species could be threatened with extinction because they are only found in these
protected areas.
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Chapter7

The Structure and Functions of the
Contour Feathers of Water Birds
Revisited

Arie M. Rijke

Abstract

The structural details of the contour feathers of water birds are known to serve a
variety of functions ranging from intraspecific signaling to such physical qualities as
thermal insulation, water repellency, resistance to impact and viscous drag reduction.
All of them closely match the requirements of habitat and feeding habits. It comes as no
surprise, therefore, that contour feathers are composed of an array of elements that con-
fer these qualities to the optimal benefit of their avian bearer. In this chapter, we review
the physical bases for these functions expressed in both structural and evolutionary
terms. Some functions excel at the expense of others and many species have evolved an
optimal balance between feather micro-structure and behavioral patterns that suit their
specific environment. Several relationships between feather function and the structural
properties of water bird feathers can be identified as specific evolutionary adaptations.

Keywords: water birds, feather structure, behavioral patterns, feather adaptations,
contour feather function

1. Introduction

Water birds belong to a large group of families that have open water in their habi-
tat. They make their home in many diverse environments including oceans, shores,
estuaries, rivers, lakes and wetlands. Many of them feed in salt water, taking their
prey from the surface or catching it under water by swimming, plunging and deep
diving. Some exploit the skies above pursuing their prey in an unobstructed three-
dimensional space without ever alighting. Others inhabit only fresh water habitats
and forage in a wide variety of ways such as skimming the surface or stalking under
water Among them are families that have colonized the remotest parts of our earth
and have adapted to the most extremes of climatic conditions. Indeed, water birds can
be found foraging and often breeding at all latitudes. They can truly be said to have
conquered the entire aquatic world.

Such wide-spread occurrence has exposed water birds to a multitude of evolution-
ary forces that have shaped their anatomy and behavioral patterns to optimally suit
their specific environment. In this chapter, we will show how the feathers of water
birds, in particular the contour feathers, vary among families and exhibit a range of
properties that function, among other things, to regulate body temperature, repel
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water, prevent water from penetrating to the skin and resist the impact forces of div-
ing, plunging and alighting. Some of these functions excel in extreme environmental
conditions or in relation to specific feeding techniques, frequently at the expense of
other functions. Others represent a balance between two or more opposing functions.
In consequence, many of these functions are expressed in an array of feather charac-
ters that confer these qualities to the optimal benefit of the avian bearer.

To study the relationship between structure and function in some detail, a closer
look at the composition of feathers is in order. The morphology of feathers has been
well described in the ornithological literature [1, 2] and is reproduced here only to
the extent necessary for the purpose of this chapter. All feathers, whether flight,
tail or contour feathers, consist of essentially the same elements, only their relative
prominence is different. At the base of the spine (or rachis) occur the downy or
plumulaceous feathers, only a tuft in flight and tail feathers, but extensively present
alongside the proximal two-third of the rachis of contour feathers. These are thought
to primarily function as a means to regulate body temperature by entrapping air [3,
4]. More distally, a highly structured pattern is present with rami extending from the
rachis in the plane of the feather, each sprouting barbules of which the distal ones
have hooks that catch upon the curled proximal barbules of the barb next more distal.
This continuous-looking, hook-and-flange arrangement provides this pennaceous
part of the feather with the rigidity so critical for its mechanical and other properties.

In flight and tail feathers, the pennaceous part is by far the most dominant part
— reflecting their importance in flight - but in contour feathers it occupies only the
distal one-third of the length of the feather. The proximal two-third is made up of
downy elements that work, among other things, as structural reinforcements limiting
the bending of the downy barbules.

Efforts to correlate structure and function require an exact knowledge of all
respective feather elements and a full understanding of their specific functions.
However, much as we know about feather anatomy, not all details can be explained in
terms of functional performance. For instance, it has been well established that suites
of microscopic characters seen in downy barbules can be used to identify certain
groups of birds [5] and, more recently, to correlate habitat and behavioral patterns
with variations observed in these microscopic characters [6]. Because downy feathers
are thought to primarily function as a means to regulate body temperature by entrap-
ping air, the presence in the down of any species- or group-specific character suggests
that environmental forces other than thermoregulation can and do exact evolutionary
changes in down. We do not know what these forces are.

We also do not know all functions of feathers or their components. However, we
will address here the functions that we do know and try to correlate these with the
constituent feather elements, quantitatively or semi-quantitatively where possible.

2. Signaling

Birds signal to each other by behavior and the coloration of their feathers. Color
can serve, among other things, to hide from predators, to attract mates or fight
off rivals and is brought about by pigment cells within the feather. Melanin is an
important pigment produced by melanocytes arrayed within the barbs and barbules.
Another source of color is iridescence, a nano-structurally colored sheen on the feath-
ers of several lineages of birds [7]. As far as we know, neither pigment nor iridescence
interferes directly with the functionality of other feather elements.
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3. Thermoregulation

As mentioned earlier, downy feathers are thought to function by entrapping air.
The downy feather characters, including the nodes observed in many water bird and
other families, are believed to work as structural reinforcements that limit the bend-
ing of the downy barbules. They may also function to catch other barbules and keep
them from becoming entangled, thereby allowing the entrapment of more air and
serve as a better thermal insulator [8, 9].

If the presence of nodes and other downy characteristics contribute to the con-
servation of heat by air convection, one may expect additional adaptations in the
down of contour feathers for the conservation of body heat radiation. The nodes with
their high content of dark granules, most likely consisting of melanin, may trap heat
through infrared absorption and function by storing heat.

The surface of a bird’s skin loses energy in the form of heat through two mecha-
nisms: one is convection heat, warmed air that is trapped by down and overlying
pennaceous feathers as stagnant air, the other is heat by radiation, emitted from
the skin of all warm-blooded animals as detectable by infrared cameras. Part of the
radiation is absorbed by the feather keratin and, in turn, converted into convection
heat and, partially re-emitted from the keratin or lost to the surrounding environ-
ment. By investigating the infrared absorption spectra of contour feathers it is pos-
sible to identify the contribution to radiation heat conservation by their respective
downy and pennaceous parts. This has been done for the King Penguin (Aptenodytes
patagonicus), the Wood Stork (Mycteria americanus) and the American Crow (Corvus
brachyrhynchos) as representatives of divers, waders and land birds, respectively [10].
The results show essentially identical spectra for the three species over the range of
500 to 4500 cm™' wavenumbers suggesting there are no adaptative effects of forag-
ing niche and habitat on the radiation heat conservation mechanisms of these and
possibly all species.

There is, however, a prominent difference between the spectra of downy feathers
and the pennaceous parts at 1700 cm ™. Here, down shows a sharp transmittance peak
that is strikingly absent in the pennaceous. The occurrence of this peak can be best
explained by the Christiansen effect [11, 12] observed in binary systems, such a liquid
and a powder, where the transmittance peak occurs at a wavelength for which both
components have the same refractive index. In the case of down and air, this occurs
at 1700 cm™. At all other wavelengths, scattering occurs due to the difference in the
refractive index between down and air.

The values of the refractive index of materials, and the way these depend on wave-
length, are determined by several factors. Apart from chemical composition, crystal-
linity with its various axial orientations, contributes significantly to these values. In
long-chain molecules, such as keratin, the extent of crystallinity and the preferential
orientation of crystalline regions provide a level of ordered structure that contributes
as well. Non-crystalline alignment of polypeptide chains due to interchain bonding
such as electrostatic bonds and hydrogen bonds, can also be expected to contribute to
the value of the refractive index [10].

As the infrared spectra have shown, the chemical composition of all parts of the
contour feathers is essentially the same and is dominated by the bulk of the beta-
keratin component. However, the refractive indices for the various wavelengths
for down and pennaceous are not the same due to their differences in crystallinity
and structural orientation. As a result, the radiation peak transmitted by down at
1700 cm ™ is not observed for the pennaceous part of the feather. Its absence is most
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likely explained by the limited range of wave numbers employed to coincide with the
range of body heat radiation. Had the range of wave numbers been extended beyond
the infrared, it is likely that a transmittance peak for the pennaceous could have been
located, provided, of course, that a wavelength for which pennaceous and air have the
same refractive index actually exist.

Similar considerations are expected to apply to radiation heat that originates from
the environment. Here, infrared from solar radiation with wave numbers comparable
to those of body heat radiation will be scattered or partly absorbed by the pennaceous
feather parts and not directly reach the skin of the bird. For wave numbers extend-
ing beyond the infrared range, it is, again, possible that a transmittance peak could
be located for the pennaceous portion of the feather, but the down is not likely to be
permeable at that particular wave number. The difference in feather ultrastructure
between the down and the pennaceous parts, with its concomitant difference in
infrared transmittance, is the reason why radiation heat, whether from body heat or
an environmental source, does not directly permeate the feather coat.

The Christiansen effect with its transmittance peak at 1700 cm ™, as observed
in the infrared spectra of down but absent in the pennaceous parts, is likely to have
important consequences for the conservation of radiation heat by the bird. Heat radi-
ated from the body will be scattered and re-scattered in all directions by the downy
barbules, reflecting radiation back to the skin where it is absorbed. However, radia-
tion at 1700 cm ~* will be fully transmitted by the down but not by the pennaceous,
which will scatter it again, thereby conserving heat within the feather coat.

The nodes in the down, and in particular those that contain melanin, may aid
in the process of radiation heat conservation by virtue of their heat capacitance
but efforts to document infrared spectra on isolated nodes were unsuccessful [10].
Therefore, it has not been possible to determine whether nodes play any direct role in
the conservation of body heat radiation.

The containment of body heat radiation is likely to be of secondary importance in
the overall conservation of body warmth in birds. No data on total heat conductivity
have been experimentally determined for the radiation part in feathers, but estimates
for diabase wool used in the construction sector are near 25 percent [13]. However,
because most of the radiation in birds is scattered by down, converted to convection
heat and partly re-emitted at a different, higher wavelength, it is evident that the
transmittance leak at 1700 cm ™ constitutes only a small loss of thermal energy by the
down. The actual loss is probably minimal as this transmittance is scattered back to
the skin by the pennaceous parts of the contour feather.

If the Christiansen effect is insignificant in the loss of radiation heat, then one
can speculate whether the transmittance peak at 1700 cm ™ and its deflection by the
overlying pennaceous parts constitute an incidental physical phenomenon or repre-
sent an adaptation to the overall thermal balance. The available data do not provide
an obvious answer. However, the absence of any feather components with specific
infrared properties that stop the transmittance leak seems to suggest an incidental
phenomenon rather than an evolutionary adaptation. No specific infrared absorption
bands in either the keratin or the pigmented nodes have been observed that could
account for such a stoppage.

The amounts of radiation heat that birds generate or lose are unknown and do
not appear to be amenable to direct experimental determination, at least not by
current technologies. Infrared spectra of feather components have demonstrated the
mechanisms by which radiation heat is conserved and lost, but have not provided for
a quantitative analysis.
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The distal, pennaceous part of the contour feathers is not only exposed to envi-
ronmental radiation but also to air and water. It is at this interface that the physical
interaction with the external world occurs and where most adaptations to environ-
mental factors can be found.

4. Water repellency and resistance to water penetration

One of the major functions of feathers is to prevent water from reaching the skin
or weighing down the remiges and tail feathers in flight. With very few exceptions,
all birds benefit from a plumage that optimally repels and resists the penetration of
water. However, the manner in which this optimum is realized for each water bird
family is closely associated with its behavior and interaction with its habitat and, as
aresult, the feather characters responsible for water repellency and resistance vary
accordingly. To understand the way a water repellent/resistant structure functions,
certain aspects of surface physics should be made clear.

The water repellency of feathers and other biological porous structures, such as
the stomatal apparatus of leaves and the spiracles of insects, is governed by the funda-
mental principles of surface physics that apply to all porous surfaces whether natural
or manmade. It is determined by the relative areas of solid — water and air — water
interface and their respective interfacial energies regardless of the actual architecture
of the repellent structure itself [14]. If the surface of the solid is coated with another
material, such as paint or preening oil, it will assume the properties of the coating
material. For feathers coated with uropygial gland oil, the feather — water interface is,
in fact, an interface between gland oil and water.

A drop of water placed on a smooth feather surface such as the rachis, will pearl up
and roll off easily. This surface is then said to be water repellent, the actual extent of
which is determined by the contact angle 0, defined as the angle between the tangent
to the curved water surface at the point of contact with the feather surface and the
plane of the surface on which the drop is resting, measured through the water. When
the drop is placed on the porous vane of the feather, it will entrap air in the hollows
and interstices, forming additional air — water interfaces, which will cause consider-
able increase in the contact angle.

The manner in which this increase occurs has been described in previous publica-
tions [14-16] and need not be repeated here. Suffice to say that the contact angle and
thus the water repellency of the distal one-third of the contour feather is quantita-
tively determined by (r + d)/r where 2r represents the diameter of the barbs measured
in the plane of the long axes of the barbs separated by distance 2d. Note that the
increase in contact angle is ascertained by the parameter (r + d)/r only and not by
the separate values of r and d. Thus, 0 for values of this parameter ranging between
2.4 (penguins, Spheniscidae) and 10 (land birds) would vary between about 126° and
154°, roughly correct by experimental verification [15]. These values are significantly
higher than those attained for the most repellent of smooth surfaces which equal
about 114° [16].

These results have been derived solely from basic physico-chemical principles
without reference to any specific dimensions of the porous surface. They are deter-
mined only by the areas of feather — water and air — water interface per unit of
macroscopic surface areas without dictating the shape, curvature or configuration
of these interfaces. Therefore, the relationship between the dimensions of a porous
surface and its ensuing contact angle is a rigorous one, not an empirical one, and is of
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general validity. These premises have been tested experimentally and were found to
be correct by Cassie and Baxter and Rijke using paraffinated stainless steel wire cages
and grids [14, 17]. Many other studies including recent ones, have reported contact
angle measurements on porous substrates including feathers and consistently con-
firmed the correctness of the above premises [16-19].

In order to measure contact angles on smooth or porous surfaces correctly, certain
experimental conditions have to be met, such as: the drop has to be small enough so
as not to be perturbed by gravitational forces, but large enough to cover a represen-
tative area of the porous surface. The drop should be prevented from evaporation
which would turn the advancing contact angle into a receding one. Feather specimens
should be covered with fresh preening oil, not rinsed with an ethanol wash [18].
When these conditions are met, the correct contact angle is usually found to be within
one-degree error as observed by multiple authors [14, 17, 20-23]. These results have
shown conclusively that contact angles and therefore water repellencies can be reli-
ably calculated from and represented by the dimensions of the porous surface alone.

An expression for the pressure (P), required to force water between the barbs and
barbules, can be derived from similar premises and shows P to be inversely propor-
tional tor and (r + d)/r. As aresult, the requirement of relatively large values for
(r + d)/r to provide sufficient water repellency is opposed by the need for small values
for this parameter to attain good resistance to water penetration. Thus, the structural
characteristics compatible with optimal water repellency are, at least in part, in
conflict with the requirements of resistance to water penetration. This conflict has
important implications for water birds, which must realize a balance between these
two opposing functions to cope with their respective habitats and behavioral patterns
as indeed they do [15].

Experimental data on water repellency and resistance to water penetration for
Double-crested Cormorants (Phalacrocorax auritus) and Anhingas (Anhingidae) have
shown that results can be satisfactorily interpreted in terms of barb diameter and
spacing only without recourse to barbules. Their (r + d)/r values for barbules are in
the approximate range of 4.5 to 5.5 as found for almost all bird families regardless of
their feeding habits or interaction with open water [15]. This suggests that the contri-
bution of barbules to water resistance is real, but not based on the same mechanism
as applies to barbs. Barbules provide an interlocking mechanism by preventing the
barbs from separating under the increasing water pressure while increasing their own
separation by their hooks sliding in the flanges, a process that can be verified under a
low-powered light microscope. Similarly, water drops being repelled by the barbs and
not involving the barbules can be observed with a magnifying glass.

The contact angle 0 of water drops on smooth feather surfaces, such as the rachis
or on a microscopic slide covered with preening oil, measures about 90° as established
by various authors [14, 16, 23]. The same value was found for water drops on poly-
ethylene foil [20] and this is no coincidence: polyethylene almost exclusively consists
of methylene groups (-CH,-) which are the predominant chemical component of
preening oil [24, 25].

That the specific architecture of a porous surface does not enter into the calcula-
tions allows the investigator to determine the contact angle from the value of (r + d)/r
alone. For instance, Cassie and Baxter [14] found (r + d)/r for their duck feathers to
be 5.9, which corresponds to a 0 of 147° in good agreement with their experimental
value of 150°. These results, corroborated by other workers [26], have shown that
for feathers coated with fresh preening oil, both the water repellency in terms of the
contact angle 0 and the balance between water repellency and resistance expressed
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by the value of (r + d)/r, can be correctly predicted from the micro-structure of the
feather alone. Furthermore, the value of 5.9 for duck feathers, when compared with
4.8 for the White-breasted Cormorant (Phalacrocorax carbo) [27] and 7.1 for the
European Starling (Sturnus vulgaris) [28], suggests that the duck, and probably all
dabblers, are more water repellent than cormorants, but less so than starlings. On the
other hand, cormorants show a superior resistance to water penetration, particularly
when compared with starlings.

Measurements on more than 160 species of about 45 bird families [26, 27, 29-31]
have shown that (r + d)/r values vary from about 2.3 for penguins to about 6.5 for
gulls (Laridae) and up to 10 for most terrestrial birds. This range in values for this
parameter suggests that each water bird family has evolved a balance between water
repellency and resistance to water penetration that suits its particular habitat and
behavioral pattern.

The data on barb diameter, spacing, and (r + d)/r values published in the peer-
reviewed literature are far from a complete inventory of bird plumage, but on the
basis of what is available, the following observations can be made and tentative
conclusions reached. First, the distal one-third of breast, abdominal, and back feath-
ers shows the patterned structure that confers the water repellency and resistance to
penetration. The proximal and medial parts show no such structure. The tail feathers
and remiges, on the other hand, show a pennaceous structure over essentially the
entire length of the feather and have values of (r + d)/r that are generally small, which
prevent these feathers from becoming waterlogged. Among water bird families,
contour feathers vary more in values of (r + d)/r, which range from 2 to 10, than
rectrices and remiges both of which vary little and range from 2 to 4 [14, 30, 32].
Second, within most families, the contour feathers that protect the skin from coming
in contact with water have, on the whole, very similar values for (r + d)/r, exceptions
seen only when a species within a family behaves differently from its relatives. A typi-
cal example is the Brown Pelican (Pelecanus occidentalis), which, unlike its congeners,
dives for its prey from the air. Third, data sets on feather structure suggest a relation-
ship between barb diameter 2r and (r + d)/r values. Families such as penguins and
other diving water birds, have wide barb diameters and small values for (r + d)/r,
whereas the opposite holds true for terrestrial families such as the starlings and night-
jars (Caprimulgidae). Birds that come into occasional contact with open water such
as herons (Ardeidae) and gulls have intermediate values. As a result, penguins have
excellent resistance to water penetration but poor water repellency as shown by their
familiar ‘wet’ appearance when they exit the water. The breast feathers of terrestrial
birds, on the other hand, are very water repellent but promise little in the way of
resistance to water penetration. Those of herons and gulls fall somewhere in between.

5. Water repellency, water resistance and behavioral patterns

The first effort to correlate the value of the parameter (r + d)/r - that is, the bal-
ance between water repellency and resistance to water penetration - with behavioral
patterns was made more than 50 years ago [33]. In that paper, the well-known habit of
cormorants of spreading their wings to the sun or breeze after a period in the water, a
feature commonly referred to as “wing-drying,” was proposed to follow from the poor
water repellency of their breast feathers, as evidenced by their low value for (r + d)/r
in comparison to that for the Mallard (Anas platyrhynchos) and presumably other dab-
blers that do not spread their wings. Since then, further studies on the wing-drying of
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cormorants have overwhelmingly supported the notion that its function is the drying
of contour feathers and not thermoregulation, balancing, intraspecific signaling or an
aid to swallowing fish [31]. Yet the relation between the cormorant’s feather structure,
specifically its parameter (r + d)/r, and this behavior has remained elusive. It is pos-
sible, though, to draw a number of conclusions from more recent data recorded with
modern imaging software.

Water birds that regularly spread their wings include several species of cormo-
rants, such as the Reed Cormorant (P, africanus), Bank Cormorant (P. neglectus),

Cape Cormorant (P. capensis), White-breasted Cormorant and the Double-crested
Cormorant, most of which have (r + d)/r values for their contour feathers between
4.3 and 4.9. Families and species with parameters under about 4.2, such as the divers
(4.0), gannets (Sulidae) (3.8), auks (Alcidae) (3.4), penguins (2.3) and the Antarctic
Blue-eyed Shag (P, atriceps) (3.8) never show wing-spreading behavior. Pelicans
(Pelecanidae) (4.9 to 5.4), including the Brown Pelican (5.9), do so only very occasion-
ally, but all other water birds do not with the notable exception of the darters (10 to
11). Darters have contour feathers that promote water to penetrate to the skin in order
to reduce their buoyancy [34, 35] so their very large (r + d)/r value in unsurprising.

It is reasonable to assume that, with the exception of the darters, all water birds
benefit from a plumage with good water repellency and equally good resistance to
water penetration. However, as we have seen, the structural requirements for these
two qualities are partly opposed, so it is to be expected that each family or species will
have made trade-offs and struck a balance that suits its specific demands of habitat
and behavior. Spread-wing postures can then be explained as being part of a behav-
ioral pattern in those birds that dive frequently and therefore require good resistance
to water penetration, but this resistance comes at the expense of a measure of water
repellency, which is compensated for by wing-drying.

The question as to whether it is the wings or the body plumage that is being dried
by wing spreading was raised by Sellers [31] and can be addressed by the considering
the difference in (r + d)/r values between flight and contour feathers. Values for flight
feathers, in particular the outer coverts, measure 2 to 4 for both water and terrestrial
birds, and these are therefore well protected from becoming waterlogged. Those
for contour feathers, on the other hand, show much difference between these two
groups of birds, with those of water birds that spend much time in the water and dive
frequently ranging from about 2 to 4 and those of terrestrial birds ranging from about
7 to 10. Other water birds, including cormorants, have values that fall somewhere
in between. Contour feathers with (r + d)/r values higher than about 4 are at risk of
becoming waterlogged, which suggests that it is the exposed contour feathers rather
than the flight feathers that need drying in cormorants and in darters.

Apart from (r + d)/r values, weather may also influence wing-spreading behavior.
Cormorants reduce the extent to which they spread their wings with increasing wind
speed, and at speeds of 4 on the Beaufort scale Sellers never saw birds to extend their
wings by more than about 50%. Wind speeds may also be the reason why spread-wing
postures are unknown in the Antarctic populations of the Blue-eyed Shag [29], but
common in birds of this species breeding in Chile [36]. The persistent strong winds at
high latitudes may well be the cause for the absence of wing-spreading behavior in the
Antarctic populations.

Other than wind speed, the relative temperatures of water and air may be a factor
in wing-spreading. A case in point is the Flightless Cormorant (P. harrisi) of the
Galapagos, which is known to spread its stubby wings after a dive in the cool waters
of the archipelago and, in this respect, behaves no different from other cormorants.
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However, whereas most other cormorants have contour feather with barb diam-

eters between 48 and 54 pm and (r + d)/r values between 4.3 and 4.9, those for the
Flightless Cormorant are 31-41 pm and 7.1-7.4, respectively [21]. These numbers
suggest that the Flightless Cormorant suffers a measure of water penetration through
the barbs of its contour feathers, a feature that is more reminiscent of darters than

of cormorants. As with darters, increased water penetration is thought to assist the
underwater bottom-feeding habits of P. harrisi for which too much buoyancy would
prove to be a disadvantage. Simple calculations appear to support this notion: the
pressure that a surface-swimming Flightless Cormorant exerts on the water ranges
between 630 and 780 N m?, whereas only 550 to 590 N m™? pressure is required to
force water between the barbs [37, 38]. For other cormorants, the maximum weight
for no water penetration between the barbs lies well above the bird’s weight range
[26]. So, unlike those of other cormorants, the Flightless Cormorant’s contour feath-
ers become waterlogged after a dive in cold water, but the bird can then proceed to
dry its plumage in the warm tropical breezes on the lava rocks, an advantage denied to
cormorants inhabiting high latitudes.

6. Other behavioral patterns

In the previous section, we attributed the occurrence or absence of spread-wing
postures to the need for a trade-off between water repellency and resistance as
reflected in the value of the parameter (r + d)/r. It is therefore to be expected that
other behavioral patterns, directly or indirectly, relate to this parameter in a similar
manner. As an example of the relationship between 2r, (r + d)/r, and behavioral
pattern, gannets, cormorants, and shearwaters (Procellaridae) all have about the same
barb diameter (50-51 pm), but gannets have a value for (r + d)/r of 3.8, which lies at
the low end of the range (3.8-4.9), indicating a greater resistance to water penetra-
tion. This may well be an adaptation to the gannet’s habit of diving from the air and
then pursuing prey under water. Brown Pelicans also dive from the air, but unlike
gannets do not pursue their prey under water. Their breast feathers have smaller barb
diameters and higher (r + d)/r values than those of gannets, producing an increased
water repellency. American White Pelicans (Pelecanus erythrorhynchos), on the other
hand, find their prey while swimming on the surface and have smaller values for
(r + d)/r. Apparently, plungers, divers and birds that swim underwater benefit mostly
from an increased resistance to water penetration, whereas surface feeders, such as
the Brown Pelican, gulls and storm petrels (Hydrobatidae), profit from an increased
water repellency. Similar findings were recorded for the five species of Dippers
(Cinclidae), which among them show a slightly different water repellency and resis-
tance in their contour feathers as an adaptation to their different feeding habits and
river habitats [28]. Certain species of cranes (Gruidae) and rails (Rallidae) can also be
regarded as having attained structural characters in their plumage that relate to their
specific interaction with their watery feeding grounds [38-40].

It is likely that many more examples of contour feather structure correlating with
specific behavior/habitat will be found once more data have been gathered. However,
the above examples suffice to suggest that each feather substructure represents an
evolutionary adaptation to a specific set of behavioral patterns and habitat conditions.
It should be borne in mind that feather structure relates in the first place to behavior
and habitat and secondarily to family identity and then only to the extent that family
members behave in essentially the same way and inhabit similar habitats. As we have
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shown, congeners with different behavior/habitat patterns show a correspondingly
different value for the structural parameter. That this behavior difference occurs

in conjunction with a structural difference supports the existence of a correlation
between feather structure and the habitat and behavior of its avian bearer.

7. Adaptations to the impact forces of diving, plunging and alighting

Unlike terrestrial birds, water birds physically interact with water at the interface
between feather coat and water. Water is about 800 times denser than air and, asa
result, the impact forces of diving, plunging and alighting are so much more severe
than when operating in air. It is no surprise therefore, that the feathers of water bird
are composed of stiffer elements to cope with these conditions. Since each family
interacts with water in its own specific way variations in feather stiffness among
families are to be expected for this reason alone.

All feathers are built of beta-keratin the elastic modulus of which is an inherent
property of the keratin material itself. However, the actual stiffness of the various
feather elements, rachis, barbs and barbules, is determined by the respective shapes
and sizes of these elements.

The mechanical forces involved in diving, plunging and alighting are not accessi-
ble to direct measurement in any reliable or representative way, at least not by current
technologies. Any such data would not be meaningfully correlated to the resulting
yield or flexure of barbs and vanes during forceful interaction with water. However,
the bending and flexing of materials of different shapes and sizes have been well
described in engineering physics and it is from these considerations that a number of
conclusions can be drawn [41]. For one, the bending of the vane as a result of a force
acting over its surface can be semi-quantitatively determined from the length, width
and separation of the barbs, all of which can be easily measured. Specifically, the ratio
of length to width of a barb can be shown to be the predominate factor in resisting
bending of the vane, more so than the other contributor (r + d)/r. The deflection
parameter (DF) that quantifies the bending per unit force applied to the vane is the
product of this ratio and the wettability parameter (r + d)/r. For another, apart from
feather stiffness, the resistance to impact forces is also determined by the extent of
contour feather overlap and body feather density. The extent of overlapping can be
approximated by the product of L, the length of the rachis, and the square root of the
number of feathers per surface area. To estimate the latter, use was made of the data
on number of feathers and body weights as reported by several authors [41-47]. By
fitting a second-order polynomial to these data, an estimate of the number of contour
feathers as a function of the mass of the bird could be obtained. For the relationship
between body surface area and body mass, expressions proposed by Perez, Moye and
Pritsos [48] and by Mitchell [49] were used to estimate surface area as a function of
body weight. Combining the results of these two sets of calculations, contour feather
densities expressed in number of feathers per surface area were found to be about
100,000 to 150,000 per m” for water birds weighing less than 1.2 kg for all families
studied. This number increases with weight to 200,000/m?” at about 7 kg. The extent
of feather overlap, according to these calculations, yields about 10 to 15 feathers in a
stack for families in the lower weight range with twice that number for heavier birds.
Apparently, feather overlapping is the same for water birds in the lower weight range
regardless of family identity and, as a result, the restriction that stacking provides
to bending is also the same. Only for birds weighing more than 1.2 kg do we find an
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increase in feather density and overlap with weight — up to 250,000 per m” and stacks
of 18 for a Pink-backed Pelican (2. rufescens) weighing 9.6 kg. This is in line with
expectation as impact forces are directly proportional to mass [50].

The role of the barbules in resisting bending of the vane should be considered in
the light of their primary function, i.e., keeping the barbs from separating under an
applied force and doing so by their hooks sliding in the flanges of the barbule next
more distal. Therefore, as well as for their small size, they are assumed to make only a
minimal, if any, contribution to the over-all resistance to bending.

The above findings may be explained by any of two or both possibilities: 1) the
feather density and number of feathers in a stack for the lower-weight families are
sufficiently large to prevent feather bending regardless of behavioral pattern and 2)
barb stiffness and resistance to water penetration of the contour feathers of each of
these families are large enough to prevent water from reaching the skin on their own
account and do not benefit from a further increase in feather density or stacking.
Other than preventing water from reaching the skin, thermoregulatory adaptations
can also be expected to affect feather density. Lowe [46] counted 48/cm” on a young
Gentoo Penguin (Pygoscelis papua).

As mentioned earlier, the bending of the vane of a contour feather under the
impact of forces associated with diving or landing on water surfaces consists of two
factors: (1) the ratio of the length to the thickness of the barbs and (2) the wettabil-
ity parameter (7 + d)/r. The first factor indicates that short and thick barbs make
the vane stiff resisting bending, whereas long and thin barbs favor flexibility that
promotes bending. The appearance of the wettability parameter in the equation shows
that feathers resistant to water penetration also help prevent their bending, whereas
highly water-repellent feathers do not.

The deflection parameter values for 23 water bird species from 15 families have
been assorted into six more or less distinct categories [50]. Deep divers, represented
by four species of penguins and characterized by their habit of diving and pursuing
prey under water, fall in the lowest category with a DF of 1.6 (10°) and therefore have
the highest vane stiffness. The next category is made up of birds that swim and dive in
pursuit of their prey and spend much time in and on the water. This category has a DF
of 49 (10°) and includes the Common Diving Petrel (Pelecanoididae) and the cormo-
rants. Category 3, into which fit the ‘true plungers’ such as petrels (Procellariidae),
gannets and auks, show a DF of 194 (10°). Large surface feeders, such as pelicans,
frigatebirds (Fregatidae) and skimmers (Rhynchopidae), form the next category with
a DF of 387 (10°). Category 5, the shore birds, includes skuas (Stercorariidae), gulls
and terns (Sternidae) that have the lowest vane stiffness with a DF of 839 (10°).

These birds are not extended time swimmers, do not pursue their prey under water
and spend much time in flight or on shore. Albatrosses, ranked as large birds of open
oceans, are mostly airborne and alight only to take food from the surface or slightly
below. In this respect, they behave much like category 5 families. Not listed are the
Flightless Cormorant in category 2 and the Brown Pelican in category 4, because, as
mentioned above, these species feed in a different way from their congeners, a feature
expressed in the dimensions of their feather structure.

From these data can be concluded that the contour feathers of penguins, the most
aquatic of families, are about thirty times stiffer than those of diving petrels and
cormorants, and 120 times more so than those of plungers like gannets. Similarly,
penguin feathers are 250 times more resistant to bending than those of surface feeders
like pelicans, over 500 times more so than those of shorebirds such as skuas, gulls and
terns and almost three orders of magnitude stiffer than albatross feathers. These large
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differences are directly related to feeding habits and interaction with water. Penguins
find their prey exclusively under water and dive to great depths to catch it. Diving
petrels and cormorants also dive, but spend more time on the surface and in the air.
Plungers dive from the air with associated high pressure on impact, but catch their
prey at lesser depths. Surface feeders do not dive and do not pursue their prey under
water (brown pelicans dive from the air, but do not pursue under water). Shore birds
feed from the water surface and are not extended time swimmers. Albatrosses, one of
the most aerial of seabirds, alight only to feed from the surface and may occasionally
dive at feeding frenzies.

The following pattern of feather structure in relation to feeding habits/behavior
emerges:

Barb width and spacing determine the relative water repellency and resistance to
water penetration of feathers. Diving birds, and in particular deep diving birds, ben-
efit from a mostly water resistant plumage with little in the way of water repellency.
Less aquatic families, such as gannets and to a greater extent cormorants, show more
repellency, but at the expense of some of their water resistance. Some cormorants
compensate for this by their habit of wing spreading. Swimming and hovering birds
that catch their prey from the surface, shore birds and those operating mostly in the
skies show a predominantly water repellent plumage.

The length and diameter of the barbs of contour feathers vary widely among water
birds. Barb stiffness varies with barb length and width and is largest for deep diving
birds, less so plungers and very much less so for surface feeders ranging over three
orders of magnitude. These structural differences in the feather plumage are thought
to represent evolutionary adaptations to feeding habits and, in some cases, environ-
mental conditions.

8. Viscous drag and feather geometry

Birds that swim and dive will also benefit from reduced drag for their locomotion
in water, a consideration that applies less to waders and shore birds and not at all to
land birds. Viscous drag in water is dependent on the surface microstructure of the
distal one-third of the contour feather, but also on the shape of its surface in contact
with water, an aspect of feathers that has so far received little or no attention. Drag in
air, such as in flight, on the other hand, has been the topic of several studies.

That the shape of the surface area in contact with water varies among bird families
has been noticed in the course of previous studies. It was seen to be nearly circular in
land birds with a length-to-width ratio (L/W) of approximately 1.0, but oblong with
an L/W of about 4 in penguins, the most aquatic of families. Birds less intimate with
open water showed intermediate values for L/W.

Here, we consider the interface between the distal one-third and flowing water to
calculate viscous drag for feather shape geometry. Assuming the flow to be parallel
to the long axis of the feather, i. e. zero angle of attack, one can derive the total drag
coefficient, composed of viscous pressure and frictional drag, from the computa-
tional and experimental results of studies on model ship hulls of varying length-to-
diameter ratios using solutions to the Reynolds-averaged Navier-Stokes equations
[51]. The drag coefficient then follows from the value of L/W for values of L/W less
than 7 which is within the range of feather geometry. The relationship between drag
coefficient and L/W predicts that oblong shapes of the tips of contour feathers reduce
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drag facilitating swimming and diving, whereas a more circular shape would cause
an increase in frictional drag. A similar reasoning could be applied to the shape of
the area that the body of a swimming bird has in contact with water. If this area is
assumed to be elliptical, a drag coefficient for body surface area in contact with water
can be determined using the same considerations.

Grouping bird species according to their interaction with open water can be
achieved by assigning them to foraging niches as proposed by Pigot et al. [52],
applying a standardized protocol for foraging niche delimitation. Using this proce-
dure, a total of thirty niches has been identified for all of the approximately 10,000
bird species of the world. Of these six major foraging niches were categorized as
Aquatic.

Aquatic birds can be subdivided into swimmers and waders. Their values for the
drag coefficient show a viscous drag for swimmers significantly lower than that of
waders and, predictably, land birds. These categories, when further subdivided into
eight aquatic foraging niches and, for comparison, two terrestrial ones, show that
divers have the lowest recorded drag coefficient increasing in order for plungers,
surface feeders, aerials, herbivore surface feeders, ground feeders, perchers to herbi-
vore ground feeders. Land birds experience an even higher drag with no significant
difference between ground feeders and those that catch their prey by aerial or sally
sorties.

Adaptations in feather microstructure and body surface area in contact with
water that bring about a reduction in viscous and frictional drag while swimming
increase according to the bird’s intimacy with open water. Swimming and diving
birds, such as penguins and grebes, benefit the most from reduced viscous drag,
more so than plungers such as gannets. Aerials such as terns even less so, but much
more than herbivore surface feeders such as ducks. The body feathers of ducks,
in turn, appear to be better adapted to their watery habitat than those of aquatic
ground feeders such as herons or kingfishers. The drag coefficient of the Spotted
Dikkop (Burhinus capensis), an herbivore aquatic ground feeder of open scrubby
habitat with comparatively little interaction with open water, was found to be more
in line with those of land birds in which adaptations to locomotion in water are not
expected to have evolved.

Land birds do not only show drag coefficients higher than those of water birds,
they also show no significant difference among the two foraging niches examined so
far. This is in line with expectation as their lack of interaction with open water and
their locomotion in air only suggest that forces that foster reduced drag in water have
been absent in their evolutionary history.
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Chapter 8

Histological Analysis of Different
Organ Systems in Ostrich

Julio Luis Evwin Illanes Herrero

Abstract

In the last decade, ostrich breeding in Chile has increased substantially, so it is
necessary to increase studies to improve and understand the adaptation of this species
to our ecology. Our objective is to contribute to the knowledge of the normal histology
of the glands attached to the digestive system: liver, proventriculus and pancreas;
digestive system: esophagus, proventriculus, muscular stomach, small intestine (duo-
denum, jejunum and ileum), large intestine (cecum, colon and rectum); respiratory
system: larynx, trachea, syrinx, extrapulmonary primary bronchi, intrapulmonary
primary bronchi or mesobronchi, secondary bronchi, parabronchi or tertiary bronchi,
air capillaries and air sacs; and female reproductive system: ovary and oviduct
(infundibulum, magnum, isthmus, uterus, and vagina) of Struthio camelus var.
domesticus in a first stage. This research was carried out with clinically healthy
ostriches, from which samples of the different systems were obtained for this study.
Histological sections were made, which were stained and mounted for their compar-
ative analysis under a light microscope, between ostrich and chicken. The compara-
tive histological analysis allowed us to establish that the structure of the different
apparatuses and systems is similar to that observed in the chicken. However, at the
microscopic level some differences are observed.

Keywords: ostrich, histology, digestive system glands, digestive system, respiratory
system, female reproductive system

1. Introduction

There are currently four subspecies of ostrich: Struthio camelus camelus, Struthio
camelus molybdophanes, Struthio camelus massaicus and Struthio camelus australis [1]. In
order to obtain an animal with greater productivity and easier handling, the domestic
ostrich, Struthio camelus var. domesticus, result from the cross between two subspe-
cies, Struthio camelus camelus and Struthio camelus massaicus [2]. The main products
obtained from this bird are meat, skin, feathers, and eggs [1]. Histology in this species
has not been extensively studied, which has prevented, in a certain way, knowing and
satisfying its nutritional requirements with greater certainty [3]. Due to the increase
observed in the use of the ostrich in the industry, its study acquires interest to obtain
the necessary knowledge that allows to prevent, treat, and cure; as well as maintaining
optimal preservation of this species [1].
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The digestive system presents glands such as the proventriculus (glandular stom-
ach), liver, and pancreas that have been anatomically described. The true stomach of
the ostrich corresponds to the proventriculus or glandular stomach, it is sac-shaped and
anatomically occupies the cranial part of the abdomen in the left hypochondrium [4],
where protein digestion begins through the secretion of pepsinogen and hydrochloric
acid [3]. In relation to the general anatomical characteristics of the digestive tract, it is
known that the ostrich presents similarities and differences, both with other birds, as
well as with ruminants and other herbivores (equines) [3]. The comparative analysis
with the hen presents certain anatomical differences, one of them is not having a crop, a
food storage organ that exists in other birds. The proventriculus and the muscular
stomach (gizzard), in the ostrich, can fulfill this function [5]. They do not have a
gallbladder, so the emptying of bile is done directly into the small intestine. In addition,
the large intestine of the ostrich, unlike other species, represents 50% of the total length
of the digestive tract and the small intestine corresponds to only 35.5% [2].

Among the anatomical characteristics of the ostrich respiratory system, it is
pointed out that the larynx is formed by two arytenoid cartilages and one cricoid
cartilage, which together form a ring [1]. The trachea extends between the larynx and
the syrinx, with the dorso-ventrally compressed lumen in the upper third. It is made
up of approximately 200 complete cartilaginous or osseous rings [1]. The syrinx is
simple, formed by the last rings of the trachea and the proximal half rings of the
extrapulmonary bronchi. These extend into the lungs only a short distance [1].
Regarding the lungs, they are located in the dorsal third of the thoracoabdominal
cavity, between the second and seventh pair of ribs [1]. Like flying birds, the ostrich
has air sacs incorporated into its anatomical structure, in a number of five pairs
(clavicular, interclavicular, pre-thoracic, post-thoracic, and abdominal). In birds,
many of the bones have cavities that communicate with the air sacs, which is why they
are called pneumatic bones. In the case of the ostrich (Struthio camelus), the only
pneumatic bones present are the sternum and the femur [6].

The reproductive organs of the female ostrich are the ovary and left oviduct that
empties into the urodeum, with the rudimentary right ovary being [1, 6]. In the
ostrich, the ovary is suspended from the dorsal body wall, ventral to the kidney and
dorsomedial to the ipsilateral abdominal air sac. The position, size, and shape of the
ovary depend on seasonality and vary during the breeding season [2]. The oviduct
carries the fertilized oocyte to the cloaca, and in the opposite direction allows sperm to
reach the fertilization site [7]. The oviduct of birds has five regions each with their
respective function, these are infundibulum, magnum, isthmus, uterus and vagina
[8]. The infundibulum receives and encloses the yolk, and it is the site where fertili-
zation occurs [9]. The albumin or white is secreted in the magnum and is the longest
segment of the oviduct. In the isthmus, the testaceous membranes of the shell form
around the egg [2]. Calcification of the shell occurs in the uterus (or shell gland)
which is globose in shape. The vagina in birds allows the passage of the egg formed
from the uterus to the cloaca during posture or oviposition and is also important in the
selection, transport, and storage of spermatozoa [10]. The ostrich reaches sexual
maturity in the third year of life, but with nutritional management, it can be brought
forward to the second year of life. The ostrich has a seasonal breeding period of long
days and can lay up to 50 eggs per season. The time it takes between the formation and
laying of an egg is 48 hours compared to the hen which is approximately 24 hours [2].

The objective of this work is to identify, classify, and histologically characterize the
glands associated with the digestive system: liver, proventriculus, and pancreas; the
different segments of the digestive system: esophagus, proventriculus, muscular

122



Histological Analysis of Different Organ Systems in Ostrich
DOI: http://dx.doi.org/10.5772 /intechopen.1001516

stomach, small intestine (duodenum, jejunum, and ileum), and large intestine
(cecum, colon, and rectum); respiratory system: larynx, trachea, syrinx,
extrapulmonary primary bronchi, intrapulmonary primary bronchi or mesobronchi,
secondary bronchi, parabronchi or tertiary bronchi, air capillaries, and air sacs; and
female genital apparatus: ovary and oviduct comprising: infundibulum, magnum,
isthmus, uterus, and vagina of Struthio camelus var. domesticus. These were compar-
atively analyzed with what was described in the hen (Gallus gallus), with those species
that are morphologically associated with them, such as domestic birds, ruminants,
pseudo-ruminants (camelids), and eventually other species.

2. Material and methods

The biological material used in this work corresponds to samples of glands associ-
ated with the digestive system and the different segments of the digestive, respiratory,
and female reproductive systems, obtained from clinically healthy adult ostriches
(Struthio camelus var. domesticus), with a range from 12 to 14 months of age, from
farms in the Sixth Region of Chile. The material was obtained from the FAENAGRO
and CAREN fridge located in VI Region, Chile. Once the samples were obtained from
the different systems, they were fixed in 10% buffered formalin and then followed
with the usual histological technique procedure. The stains used were the current
hematoxylin-eosin (HE) techniques; Mallory’s trichrome, and Van Gieson’s, in order
to observe muscle and connective tissues [11]. Sections 5 pm thick were mounted,
stained, photographed, and analyzed under a light microscope (Olympus BX41 with
Olympus C-5060 Wide zoom digital camera, 5.1 megapixels). With the photographs, a
comparative analysis of the histological aspects found in ostrich, with those described
in other species, was carried out.

3. Glands attached to the digestive system

The glands attached to the ostrich digestive system correspond to: liver, which has
4 lobes and is located in the right hypochondrium; proventriculus, which presents a
wide lumen and 4 layers recognized in its wall: mucosa, submucosa, muscular and
serous; and pancreas, it is a mixed gland, exocrine and endocrine, very lobed, made up
of parenchyma (pancreatic islets and glandular acini), and a stroma (capsule, septa,
and hilum), [12].

Liver: The parenchyma is irregularly septated and made up of cords of hepatocytes
arranged radiating from a central vein. Hepatocytes generally have one or two nuclei.
Sinusoidal capillaries were found between the cords, where macrophages were
observed (Figures 1 and 2). It should be noted that the hepatocytes located around the
portal spaces are also arranged radially (Figure 3). From the capsule arise the parti-
tions that divide the organ irregularly. The portal space corresponds to the loose
connective tissue that contains blood vessels derived from the portal vein and the
hepatic artery, lymphatic vessels, and bile ducts, the latter presenting simple cuboidal
lining epithelium (Figures 1, 3, and 4).

Proventriculus (Mucosa and Submucosa): The mucosa with simple prismatic epi-
thelium is covered with mucus (glycocalyx). With a large number of villi and between
its bases crypts with simple cuboidal epithelium are observed. The lamina propria of
loose connective tissue with simple or branched tubular glands secreting
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Figure 1.
Histological section of a liver lobule. VC: central vein; P: parenchyma and EP: portal space. Mallory’s trichrome.
100X.

Figure 2.
Higher magnification of the inset of Figure 1. VC: centval vein of the lobule; CH: cords of hepatocytes and
sinusoidal capillaries that drain into the central vein (arrows). Mallory’s trichrome. 400 x.

pepsinogen and hydrochloric acid, extensive lymphocyte infiltration (Figures 5
and 6). The muscularis mucosa of smooth muscle tissue, not well defined, emits
septa into the submucosa. The submucosa is thick and made up of dense
connective tissue that emits septa around the compound tubuloalveolar glands,
constituting lobules formed by conglomerates of tubuloalveolar adenomeres
around a central lumen (Figures 5 and 6). The glands discharge their secretion into
the lumen of the proventriculus, through its excretory duct lined by simple columnar
epithelium. Among the cubic and cylindrical secretory cells of the adenomeres,

the parietal cells, which produce pepsinogen and hydrochloric acid, are abundant.
Ganglion cells of the submucosal plexuses are also seen in the submucosa of the
proventriculus.
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Figure 3.
Histological section of a portal space. EP: portal space; vVP: branch of the portal vein and C: bile duct. Note the ray
arrangement of the hepatocytes around the portal space. Mallory’s trichrome. 200 X.

Figure 4.
Higher magnification of the inset of Figure 3. vVP: portal vein branch; rAH: branch of the hepatic artery and bile
duct (C). Mallory’s trichrome. 400 X.

Pancreas: The exocrine parenchyma is formed by tubuloacinar adenomeres
composed of serous secretion and highly irrigated cell groups, which correspond to
pancreatic islets that fulfill the endocrine function. The cells that constitute the
adenomeres are prismatic with a round nucleus located in the basal third. The staining
affinity of this zone is basophilic and the apical one is acidophilic (Figures 7 and 8). In
the lumen of the acini, centro-acinous cells are observed that correspond to the
beginning of the excretory ducts. The stroma is made up of the capsule that surrounds
the organ, the septa, and the hilum. The capsule is relatively thin, made up of loose
connective tissue that forms partitions toward the interior of the parenchyma,
dividing it into small lobes and lobules.
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Figure 5.
Histological section of the submucosa of the proventriculus. (*): Excretory duct and tubuloalveolar adenomeres of
the compound submucosal glands that empty into it. Staining: H-E. 200 x.

Figure 6.
Higher magnification of the inset of Figure 5. (*): Excretory duct of the submucosal glands and tubuloalveolar
adenomeres with parietal cells (stained ved). Staining: H-E. 400 x.

4. Digestive system

The segments that make up the digestive system correspond to the esophagus,
proventriculus (glandular stomach), muscular stomach (ventricle or gizzard), small
intestine, and large intestine. The wall of the digestive system presents four concentric
layers or tunics: mucosa; submucosa, muscular and serosa, and/or adventitia.
Throughout the digestive system, there are histological differences in each layer,
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Figure 7.
Histological section of the pancreatic parenchyma. I: pancreatic islets and P: parenchyma. Mallory’s trichrome.
200X.

Figure 8.
Higher magnification of the inset of Figure 7. I: pancreatic islets and AS: serous acinus. Note the blood supply to the
pancreatic islet. Mallory’s trichrome. 400 x.

mainly in the tunica mucosa, which are manifested by the functional characteristics of
each segment [13].

Esophagus: A mucosa with a non-keratinized stratified squamous epithelium. A
lamina propria or chorion of dense connective tissue with abundant simple and
branched tubuloalveolar mucous secretion glands throughout its length. A large
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Figure 9.
Panoramic cross-section of the esophagus. MU. mucous membrane; submucosa (arrow); MI: internal muscle; ME:
external muscle; A: adventitia. Note the longitudinal folds. Staining: Van Gieson 12.5 x.

Figure 10.

Higher magnification of the large box in Figure 9. E: nonkeratinized stratified squamous epithelium; GL: simple
tubuloalveolar glands; LP: lamina propria; MM: muscular mucosa; NL: lymph node and submucosa (arrow).
Staining: Van Gieson 100 X.

number of lymph nodes are observed. The muscularis mucosa presents only a thick
layer of longitudinal smooth muscle fibers and determines the boundary between the
lamina propria and the submucosa (Figures 9 and 10). The submucosa is poorly
developed, made up of loose connective tissue with submucosal nerve plexuses along
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its structure. The muscularis is made up of a thick internal circular layer of smooth
muscle and a more irregular and thin external longitudinal layer. Between both muscle
layers, myenteric nerve plexuses can be seen. The serosa is made up of the mesothe-
lium and loose connective tissue.

Proventriculus (glandular stomach): The mucosa with the simple prismatic
epithelium of mucus secretion, with numerous villi and covered by a large amount of
mucus (glycocalyx). The simple and branched tubular fundic glands, with principal
and parietal cells, empty their secretion into the crypts. A lamina propria of loose
connective tissue. A muscularis mucosa of smooth muscle tissue. Compound
tubuloalveolar-type glands with parietal cells and excretory ducts of simple
prismatic epithelium are observed in the submucosa. Submucosal plexuses are
observed. The muscularis formed by a thick internal circular layer and a thin external
longitudinal layer of smooth muscle. Between both layers myenteric plexuses are
observed. The serosa is constituted by the mesothelium and loose connective tissue.
Between the muscular and serous layers, we find a thick sheet of compact
connective tissue with parallel bundles; this tendon layer surrounds the entire organ
(Figures 11 and 12).

Muscular stomach (gizzard): The mucosa with simple prismatic epithelium is
covered by a thick horny-looking layer, which corresponds to the cuticle
(glycocalyx). It has a large number of wrinkles on its surface. A lamina propria of
loose connective tissue with numerous simple and branching tubuloalveolar glands
of mucous secretion. The muscularis mucosa is seen as a thin layer of smooth
muscle fibers. These muscle fibers run parallel to the longitudinal axis and, in some
portions, merge with the muscularis tunica. The submucosa of irregular dense con-
nective tissue with septa branching into the muscular layer (Figure 13). The
muscularis is thick, showing three layers of smooth muscle that correspond to an
inner plexiform layer, a middle transverse layer, and a thick outer longitudinal
layer (Figure 13). Numerous myenteric plexuses are observed between the muscle
layers (Figure 14). The serosa is constituted by the mesothelium and loose connective
tissue.

Figure 11.
Histological section of the proventriculus. M: muscular; T: tendon layer and S: serosa. Staining: H-E 200 X.

129



Birds — Conservation, Research and Ecology

Figure 12.
Higher magnification of the inset of Figure 11. M: muscular; T: tendon layer and S: serosa. Staining: H-E 400 x.

Figure 13.
Panoramic histological section of the muscular stomach wall. GC: glycocalyx; MU: mucosa; SM: submucosa and M:
muscular. Staining: H-E 12.5X.

4.1 Small intestine

It consists of three segments called the duodenum, jejunum, and ileum. There are
no limits defined between them. Its basic structure is similar to its entire length, being
able to find different characteristics according to its function [13].
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Figure 14.
Histological section of the muscular stomach. M: muscular and PM: myenteric nervous plexus. Staining: H-E
400X%.

Duodenum: The mucosa is thick with a simple prismatic epithelium with striated
plate and goblet cells forming numerous villi. Numerous intestinal crypts are seen at
the base of the villi. Lamina propria of loose connective tissue with lymph nodes. The
muscularis mucosa is thin and consists of an internal circular layer and an external
longitudinal layer. The inner circular layer branches into the lamina propria to the
apex of the villi (Figures 15 and 16). The poorly developed submucosa corresponds to
loose connective tissue with nerve plexuses. Mucosal and submucosal projections
corresponding to connivent valves are observed (Figures 15 and 16). The muscularis
shows an internal circular layer and a finer external longitudinal layer. Numerous
myenteric nerve plexuses are seen between the two layers. The serosa is constituted by
the mesothelium and loose connective tissue.

Jejunum: This segment does not present the connivent valves described in the
duodenum. However, the basic histological structure of this segment is similar to that
of the duodenum. The mucosa with simple prismatic lining epithelium with striated
plate and numerous goblet cells show long villi with smooth muscle fibers from the
muscularis mucosa (Figures 17 and 18). The lamina propria with lymph nodes. The
muscularis mucosa is thin and corresponds to two layers of smooth muscle fibers, one
internal with a circular arrangement and the other external longitudinal. The submu-
cosa is poorly developed with submucosal nerve plexuses. The muscularis is thicker
than seen in the anterior segment, with an inner circular layer and a thinner outer
longitudinal layer. The serosa is constituted by the mesothelium and loose connective
tissue.

Ileum: The mucosa with a simple prismatic epithelium, with a striated plate and
goblet cells, shows fewer, shorter, and thicker villi than in the anterior segments.
Numerous intestinal crypts are observed. The intestinal villi are made up of a central
axis of loose connective tissue and smooth muscle fibers from branches of the
muscularis mucosa (Figure 19). The lamina propria shows lymph nodes. The
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Figure 15.
Histological section of a connivent valve of the duodenum. MU: mucosa; MI: internal muscle and connivent valve
(arrows). Staining: H-E 100 X.

Figure 16.
Histological section of the duodenum. LP: lamina propria; MM: muscular mucosa; intestinal crypts (arrows) and
goblet cells (double arvow). Staining: H-E 400 X.

muscularis mucosa presents three layers of smooth muscle, an internal circular, an
intermediate longitudinal, and an external circular (Figure 20). The submucosa is
poorly developed with submucosal nerve plexuses. The muscularis is arranged in a
thin internal circular layer and a thicker external longitudinal layer, between the two
myenteric plexuses are observed. The serosa is made up of the mesothelium and loose
connective tissue.
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Figure 17.
Histological section of the jejunum. MU: mucosa; MI: internal muscle; MEE: external muscle and serosa (arrows).
Staining: H-E 40 X.

Figure 18.
Higher magnification of the inset of Figure 17. Goblet cells (arrows) and striated plate (double arvow). Staining:
H-E 400 x.

4.2 Large intestine

The large intestine of the adult ostrich measures approximately 16 m in length and
represents the last portion of the alimentary canal. It has three segments: cecum,
colon, and rectum. The general histological structure is similar throughout its length,
showing differences in its segments according to its function [13].
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Figure 19.
Histological section of the ilewm. MU: mucosa; MI: internal muscle and ME: external muscle. Staining: H-E 100 x.

Figure 20.
Histological section of an ilewm villus. E: epithelium; Goblet cells (arrows) and striated plate (double arrow).
Staining: H-E 400 X.

Cecum: The mucosa with a simple prismatic epithelium without intestinal villi.
With numerous intestinal crypts and numerous goblet cells, more abundant than in
the small intestine. The lamina propria with isolated lymph nodes. The muscularis
mucosa corresponds to two layers of smooth muscle fibers, one internal circular and
one external longitudinal (Figure 21). The submucosa consists of a thin layer of loose
connective tissue with submucosal nerve plexuses and a large amount of adipose
tissue (Figure 22). The muscularis is less developed than in the small intestine, it is
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Figure 21.
Histological section of the cecum. LP: lamina propria; MM: muscular mucosa; SM: Submucosa and intestinal
crypts (arrows). Staining: H-E 200X.

Figure 22.
Histological section of the cecum mucosa. LP: lamina propria; MM: muscular mucosa; CL: intestinal crypts and
goblet cells (arrows). Staining: H-E 400 X.

formed by a thin internal circular layer and an external longitudinal layer with
myenteric nerve plexuses. Adipose tissue is observed between both muscle layers. The
serosa is constituted by the mesothelium and loose connective tissue.

Colon: The mucosa with simple prismatic epithelium and fewer intestinal crypts with
numerous goblet cells and no intestinal villi. The lamina propria shows isolated lymph
nodes (Figures 23 and 24). The muscularis mucosa is thin and shows an internal circular
layer and an external longitudinal layer. The internal circular layer has ramifications for
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Figure 23.
Histological section of the colon. H-E 200 x. MM: muscular mucosa; SM: submucosa; LN: lymph node and
intestinal crypts (arrows). Staining: H-E 200 x.

Figure 24.
Higher magnification of the inset of Figure 23. LP: lamina propria; CL: intestinal crypt; MM: muscular mucosa
and Goblet cells (arrows). Staining: H-E 400 X.

the lamina propria (Figure 23). The submucosa is made up of loose connective tissue with
adipose tissue and submucosal nerve plexuses. Connivent valves are observed toward the
lumen, which are formed by nuclei of mucosa and submucosa (Figures 23 and 24). The
muscularis formed by two layers of smooth muscle, an internal one with a circular
arrangement and a thinner external one with a longitudinal arrangement with myenteric
nerve plexuses. The serous layer of loose connective tissue forms sacs, which follow the
direction of the sacs that form in the muscular layer.
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Figure 25.
Histological section of the rectum. MU: mucosa; SM: submucosa and intestinal crypts (arrows). Staining: H-E
200X.

Rectum: Long folds are visible toward the lumen longitudinal in the form of
columns, which have a core mucosa and submucosa (Figure 25). The mucosa is
smooth, devoid of villi, with a simple columnar epithelium. Intestinal crypts are
deeper than in the small intestine, with a greater number of cells goblet than in the
anterior segments. The muscular of the mucosa is thin and is formed by a layer of
smooth muscle fibers in a circular arrangement (Figure 26). The submucosa is made
up of loose connective tissue. Its structure is similar to that of the other segments

Figure 26.
Higher magnification of the inset of Figure 25. CL: intestinal crypt; LP: lamina propria; MM: muscular mucosa
and goblet cells (arrows). Staining: H-E 400 X.

137



Birds — Conservation, Research and Ecology

(Figure 25). The muscularis is thick, and is formed by smooth muscles, one internal
with a circular arrangement, and the other external longitudinal arrangement. The
serosa does not show any differentiation from the usual.

5. Respiratory system
5.1 General description of the respiratory system of the ostrich

The segments analyzed correspond to the larynx, trachea, syrinx, extrapulmonary
bronchus, intrapulmonary bronchus or mesobronchus, secondary bronchus,
parabronchus or tertiary bronchus, and air capillaries. The wall of the respiratory
system presents three concentric layers or tunics: mucosa, submucosa, and adventitia.
The greatest difference in the wall of these pathways was observed at the level of the
mucosal layer, which expresses the functional characteristics of each segment [14].

Larynx: The mucosa of the larynx, from cranial to caudal, undergoes a change from
noncornified squamous stratified epithelium to ciliated prismatic pseudostratified
with goblet cells with shallow crypts (Figures 27 and 28). The lamina propria of dense
connective tissue with simple tubuloalveolar glands of mucus secretion. Between the
glands is diffuse dense lymphoid tissue with isolated lymphoid nodules, which are also
frequently seen at the onset and end points of epithelial changes (Figures 27 and 28).
The submucosa is very thin and has loose connective tissue. The adventitia has hyaline
cartilage that constitutes the craniolateral portion of the arytenoid cartilage
(Figures 27 and 28). Toward the caudal region, the laryngeal mucosa is histologically
similar and its adventitia shows a hyaline cartilage corresponding to the cricoid carti-
lage. More externally, it presents a layer of skeletal musculature that surrounds the
larynx. Caudally, the larynx is continuous with numerous cartilaginous rings that
constitute the beginning of the trachea.

27

Figure 27.

Ciliated prismatic pseudostratified epithelium with goblet cells, with shallow crypts and simple mucus-secreting
tubulo-alveolar glands (G); lymphoid nodule (N) and tracheal cartilage ring (At). Lumen of the larynx (L).
Staining: H-E, 100X.
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Figure 28.

Higher magnification of the inset of Figure 27. Ciliated prismatic pseudostratified epithelium with goblet cells,
with shallow crypts and simple mucus-secreting tubulo-alveolar glands (G), associated with a dense chorion.
Lymphoid nodule (N), laryngeal lumen (L), and part of a tracheal ring (At). Staining: H-E, 200 x.

Trachea: The mucosa with ciliated prismatic pseudostratified epithelium with
goblet cells with shallow crypts (Figures 29-31). The lamina propria of dense con-
nective tissue with simple mucus-secreting tubuloalveolar glands and isolated lym-
phoid nodules (Figures 30 and 31). The loose connective tissue submucosa is sparse.
The adventitia is represented by rings of hyaline cartilage. On each side of the trachea
and external to the cartilage, fascicles of skeletal muscle can be seen running

Figure 29.
This figure shows the mucosa (M), submucosa (S), and adventitia A, represented by a tracheal ring. Externally,
the skeletal musculature (Me) can be seen. Staining: H-E, 40 x.
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Figure 30.

Higher magnification of the inset of Figure 29. Ciliated prismatic pseudostratified epithelium with goblet cells
(E), shallow crypts with simple mucous-secreting tubulo-alveolar glands (G) and chorion of dense connective
tissue. Tracheal lumen (L). Staining: H-E, 200 X.

Figure 31.

Higher magnification of the inset of Figure 30. Ciliated prismatic pseudostratified epithelium (E) with goblet cells
(CC); shallow crypts (arrow) and simple mucus-secreting tubulo-alveolar glands (G). Cilia (C). Staining: H-E,
1000X.

longitudinally from the larynx to the syrinx, the lateral muscle of the trachea. The
tracheal adventitia at the level of the syrinx is limited on its ventral or anterior face by
mesothelium, which constitutes part of the interclavicular air sac.
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Figure 32.
Coronal panoramic histological section of the syrinx. 1: lateral tympaniform membrane; 3: central membrane or
pessulus; A: hyaline cartilage of the tracheosyringeal ring; L: lumen of the syrinx. Staining: H-E, 12.5X.

Syrinx: Microscopically, the syrinx in a coronal section shows the syringeal
(tracheosyringeal) rings that are morphologically indistinguishable from the tracheal
rings (Figures 32 and 33). In the widest area of the syrinx, a group of cartilaginous
rings is observed accompanied by abundant loose connective tissue (Figure 33).
Mucosa with ciliated prismatic pseudostratified epithelium with goblet cells and

Figure 33.
Higher magnification of the inset of Figure 32. 1: lateral tympani-form membrane; A: Hyaline cartilage of the
tracheosyringeal ring. In the pessulus, the mucosa with its underlying epithelium (E) and adipose tissue (Ad) can

be seen; lymph node (N). Lumen of the syrinx (L). Staining: H-E, 40 X.
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shallow crypts. The lamina propria of dense connective tissue with simple
tubuloalveolar glands of mucus secretion, and isolated lymphoid nodules are observed
(Figures 34 and 35). In the caudal direction, the adventitia is represented by cartilag-
inous rings that become semirings (bronchosyringeals), which are continuous with
those that constitute the extrapulmonary primary bronchi. On the floor of the bifur-
cation of the syrinx, a double thickening of a medial and dorsoventral arrangement is
observed, which prominence toward the syringeal cavity, the pessulus (Figure 32),
with a ciliated prismatic pseudostratified epithelium with goblet cells and shallow
crypts and lamina propria of connective tissue dense with simple tubuloalveolar
glands of mucus secretion with isolated lymphoid nodules and deeper a thick layer of
adipose tissue (Figures 33-35). The loose connective tissue submucosa is sparse. The
hyaline cartilage adventitia in the syrinx is limited by the pleural mesothelium, which
becomes the wall of the thoracoabdominal air sacs, the latter present a ciliated pris-
matic pseudostratified epithelium with goblet cells, which in some sectors can be seen
simple tubuloalveolar glands of mucous secretion (Figures 36-38).

Extrapulmonary primary bronchi: They originate from the bifurcation of the syr-
inx. They present an extrapulmonary portion and another intrapulmonary or
mesobronchus, they have a semi-ring of hyaline cartilage, whose ends are joined in the
medial region by connective tissue and smooth muscle. Microscopically, the
extrapulmonary primary bronchi maintain the histological characteristics of the
tracheal wall (Figures 36 and 37). Mucosa with ciliated prismatic pseudostratified
epithelium with goblet cells. Lamina propria of dense connective tissue with isolated
lymphoid nodules. The thin submucosa of loose connective tissue. The adventitia is
formed by semi-rings of hyaline cartilage, whose ends are joined in their medial region
by smooth muscle and connective tissue. In this region, simple tubuloalveolar glands
of mucous secretion are observed. Medially and at the bifurcation of the right and left
bronchi, the mucosa constitutes the medial tympani-form membranes (Figures 32

Figure 34.

Higher magnification of the inset of Figuve 33. E: ciliated pseudostratified prismatic epithelium with goblet cells,
shallow crypts with simple mucus-secreting tubulo-alveolar glands; Ad: adipose tissue; N: lymph node. L: Lumen of
the syrinx. Staining: H-E, 100 x.
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Figure 35.
Higher magnification of the inset of Figure 34. E: Ciliated prismatic pseudostratified epithelium with goblet cells

(CC), shallow crypts, and simple mucus-secreting tubulo-alveolar glands (G), with a chorion of dense connective
tissue. C: cilia. Staining: Van Gieson, 1000 X.

Figure 36.
Extrapulmonary primary bronchus. E: ciliated prismatic pseudostratified epithelium with goblet cells, both in the
bronchial (upper) and saccular (lower) lumen (L); A: semi-ring of hyaline cartilage. Staining: H-E, 200X.
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Figure 37.
Extrapulmonary primary bronchus. E: ciliated prismatic pseudostratified epithelium with goblet cells and A:
hyaline cartilage of the bronchial semiring. Staining: H-E, 400 X.

and 33). The mucosa and submucosa at this level present numerous folds of different
sizes made up of abundant connective tissue interspersed with smooth muscle tissue.
Bundles of circularly arranged smooth muscle unite their ends, throughout their entire
length. The extrapulmonary primary bronchi are limited lateroventrally by the pleural
mesothelium that constitutes the thoracoabdominal air sacs (Figures 36 and 38). The
portion seen from part of a thoracoabdominal air sac shows a ciliated prismatic
pseudostratified lining epithelium with goblet cells (Figures 36 and 37).

Figure 38.
Wall of the air sac. E: pseudostratified prismatic ciliated epithelium with goblet cells with simple tubuloalveolar
glands that secrete mucus (G). Type I collagen tendon layer. Staining: Van Gieson, 1000 X.
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Air sacks: The air sacs that are in contact with the extrapulmonary primary bronchi
present a ciliated prismatic pseudostratified epithelium with cell goblet. However, in
some sectors, it can be observed simple secretory tubuloalveolar glands have mucous
membranes. Then a thin layer of loose connective tissue, followed by a thick tendon
layer of collagen fibers type I (Figure 38).

5.2 Lung

In the lungs, we find primary intrapulmonary bronchi or mesobronchi, secondary
bronchi distributed into three groups (dorsal, ventral, and lateral), parabronchi or
tertiary bronchi, and the lung parenchyma made up of blood capillaries that surround
the air capillaries that originate from the atria. This parenchyma is the place where
hematosis occurs [14].

Primary intrapulmonary bronchi or mesobronchi: They run medially and
craniocaudally throughout the lung until they contact the posterior air sacs
through the lateral secondary bronchi. Microscopically: The mucosa with
ciliated prismatic pseudostratified epithelium with goblet cells, presents
numerous folds with shallow crypts. Lamina propria of dense connective tissue
with simple tubuloalveolar glands of mucous secretion throughout its entire
length. The submucosa of loose connective tissue with abundant bundles of
smooth muscle fibers. The adventitia with hyaline cartilage is arranged in
cartilaginous plates (not in semi-rings), a characteristic that gives its mucosa a
scalloped appearance. These plates decrease in size until they disappear at the level of
the secondary bronchi. This adventitia is surrounded by a layer of smooth muscle with
a helical arrangement and its ventral region is surrounded by the pleural serosa
(Figures 39 and 40).

Figure 39.

Primary intrapulmonary bronchus or mesobronchus. E: Ciliated prismatic pseudostratified epithelium with goblet
cells, with simple tubulo-alveolar glands and chovion of dense connective tissue; A: hyaline cartilage; ML: smooth
muscle. Staining: Van Gieson, 200 X.
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Figure 4o0.
Primary intrapulmonary bronchus or mesobronchus. E: ciliated prismatic pseudostratified epithelium with goblet
cells (CC), deep crypts with simple tubulo-alveolar glands of mucus secretion (G). Staining: H-E, 200 X.

Secondary bronchi: In each lung, the intrapulmonary primary bronchi or
mesobronchi give rise to three groups of secondary bronchi: four dorsal secondaries,
three ventral secondaries, and two lateral secondaries. These branch in the lung
parenchyma and give rise to the parabronchi or tertiary bronchi (Figures 41 and 42).
The mucosa of the secondary bronchi with a ciliated prismatic pseudostratified epi-
thelium with goblet cells and shallow crypts. Lamina propria of dense connective

Figure 41.
Panoramic histological section showing the lung pavenchyma (P), parabronchi (*); and its origin (arrows) from
the secondary bronchi (B2°). The dashed line marks the luminal path. Stain: H-E, 12.5X.
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Figure 42.

Higher magnification of the inset of Figure 41. Histological section of the secondary bronchus. E: ciliated prismatic
pseudostratified epithelium with goblet cells, shallow crypts, and simple mucus-secreting tubuloalveolar glands and
smooth muscle (ML). Staining: HE, 100 x.

Figure 43.
Higher magnification of the inset of Figure 42. E: pseudostratified prismatic ciliated epithelium with goblet cells,
shallow crypts, and simple mucus-secreting tubulo-alveolar glands (G). Staining: H-E, 1000 x.

tissue with simple mucus-secreting tubuloalveolar glands. Under the lamina propria,
there is a thick layer of smooth muscle in a circular arrangement. In the adventitia of
the secondary bronchi, small plates of hyaline cartilage are still observed that
disappear before originating the parabronchi (Figures 41, 43, and 44).
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Figure 44.
Histological section of the lung parenchyma (P) and of a transversely arranged parabronchi or tertiary bronchus
with its lumen (L); smooth muscle (Ml) and atria (arrows). Staining: Van Gieson, 200 X.

Figure 45.
Histological section of the lung parenchyma. Aerial capillaries (Ca) with flat cells (NI) and cuboidal cells (NII),
surrounded by blood capillaries with nucleated erythrocytes (*). Staining: H-E, 1000 X.

Parabronchi or tertiary bronchi: The mucosa with a low cubic simple epithelium,
lamina propria formed by a thin layer of connective tissue. The parabronchi are
characterized by having bundles of smooth muscle with a helical arrangement, both
clockwise and counterclockwise. Multiple cavities called atria originate from the
parabronchi, which are continuous with the air capillaries, both lined by a simple flat
epithelium (Figures 41 and 42). Surrounding the wall of the atrium and around the
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bundles of smooth muscle, there are accumulations of macrophages, among these
structures are numerous lymphocytes, blood, and lymphatic capillaries.

Air capillaries: These originate and branch from the atria, which in turn, arise from
the parabronchi. Microscopically, together with the blood capillaries, they constitute
the lung parenchyma (Figure 45). With simple epithelium, which presents flat cells
(type I pneumocytes) and others cubic (type II pneumocytes). These air capillaries are
closely related to numerous blood capillaries, linked by a common basement mem-
brane. In the wall of the atria, which originate from the parabronchi and constitute the
entrance to the air capillaries, accumulations of fixed and free-form macrophages are
observed in their lumen (Figure 45).

6. Female reproductive system

The female ostrich presents only the left ovary and oviduct. The ovary is large,
cluster-shaped, which varies according to the seasons. It presents primordial,
previtellogenic, vitellogenic, and atretic follicles. The oviduct has the following seg-
ments from the cephalad to the caudal: infundibulum, magnum, isthmus, uterus, and
vagina, which empties into the cloaca. In them, there are folds of varying length,
thickness, and number that compromise the mucosa and submucosa, with glands of
mucous and serous secretion with the exception of the vagina, [15].

6.1 Ovary: ovarian follicles in different stages of maturation are arranged
as a cluster

The ovarian cortex is covered in some areas by simple cuboidal epithelium, in
others by ciliated simple prismatic epithelium and with pseudostratified prismatic
epithelium (Figure 46). Beneath the epithelium is a thin layer of dense connective
tissue, the albuginea (Figure 46). In the cortical stroma, follicles are observed in
different stages of maturation, some of them, the largest, protrude on the surface.
These are classified as primordial, previtellogenic, vitellogenic, and atresic. In pri-
mordial follicles, the oocyte with a vesicular nucleus is surrounded by a flat or low
cuboidal epithelium of follicular cells that correspond to the granulosa layer. Exter-
nally to the basement membrane, some myofibroblasts are arranged (Figure 47). In
previtellogenic follicles, the oocyte with a vesicular nucleus and the scant yolk is
surrounded by a granulosa of cuboidal epithelium, a very conspicuous basement
membrane and externally an undifferentiated theca vascularized with concentrically
arranged myofibroblasts (Figures 46 and 47). In vitellogenic follicles, the oocyte with
abundant yolk is surrounded by a granular layer of cuboidal epithelium, the theca
interna vascularized, and the theca externa with abundant myofibroblasts arranged
concentrically (Figures 48 and 49). Atretic follicles, which are smaller, have numer-
ous lipid vacuoles.

6.2 Oviduct: it is a duct that has five segments

Infundibulum: it is the first segment of the oviduct, adjacent to the thin-walled
ovary with long and numerous folds. The mucosa with ciliated pseudostratified pris-
matic epithelium with goblet cells and a lamina propria of dense connective tissue
with abundant collagenous fibers. Interposed in the epithelium are simple
tubuloalveolar (Figures 50 and 51) and simple alveolar glands of mucous secretion.
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Figure 46.

Histological section of the ovary. E: simple ciliated prismatic ovavian epithelium; O: oocyte from a previtellogenic
follicle; C: chorion of connective tissue; (*): albuginea; T: highly vascularized undifferentiated theca and G:
granulosa. Staining: H-E, 400 X.

Figure 47.
Higher magnification of the inset of Figure 46. Highly vascularized undifferentiated theca with concentrically

arranged myofibroblasts (mf) surrounding the granulosa basement membrane (G) of a previtellogenic follicle.
Staining: H-E, 1000 x.

No submucosa is seen. The muscularis, plexiform in arrangement, emits smooth
muscle fibers that project through the mucosa of the folds. The serosa possesses dense
connective tissue and is surrounded by mesothelium.
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Figure 48.
Panoramic histological section of the wall of a vitellogenic follicle. E: ovarian epithelium; T: theca; G: granulosa
and V: drops of yolk. Staining: H-E, 200 x.

Figure 49.
Higher magnification of the inset of Figure 48. Te: theca externa; mf: with myofibroblasts; Ti: internal theca; G:
granulosa and V: drops of yolk. Staining: H-E, 1000 X.

Magnum: it is the longest segment of the oviduct, with the greatest diameter and
numerous thick folds. Mucosa with ciliated prismatic pseudostratified epithelium with
goblet cells. The lamina propria with abundant branched tubular glands of serous
secretion (Figures 52 and 53). The loose connective tissue submucosa is highly irri-
gated and with smooth muscle fibers. The muscularis is arranged in an internal
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Figure 50.
Shows the mucosa of the infundibulum. L: lumen and G: simple alveolar glands of mucus secretion. Staining: Van
Gieson, 400 X.

Figure 51.
Higher magnification of the inset of Figure 50. G: simple alveolar glands and E: ciliated pseudostratified prismatic
epithelium with mucosal goblet cells. Staining: Van Gieson, 1000 X.

circular layer that is projected slightly by the wide submucosa of the folds and an
external layer of plexiform arrangement. The serosa has loose connective tissue that is
highly irrigated and is surrounded by mesothelium.

Isthmus: it is the shortest segment of the oviduct, with the smallest diameter and
thinnest wall, with numerous tortuous folds. Mucosa with ciliated pseudostratified
prismatic epithelium with goblet cells. The lamina propria with abundant simple
tubular glands of serous secretion (Figures 54 and 55). The submucosa, made of loose
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Figure 52.
The figure shows a fold of the magnum (P), the mucosa (M) with its epithelium (E), chorion of connective tissue
with glands (G) and submucosa (SM). Staining: HE, 200 x.

Figure 53.

The figure shows the inset of Figuve 52 at higher magnification. E: ciliated pseudostratified prismatic lining
epithelium with goblet cells and G: chorion of connective tissue with branched tubular glands of sevous secretion.
Staining: H-E, 400 x.

connective tissue, is well supplied with some smooth muscle fibers. The muscularis is
arranged in an internal circular layer that is projected finely by the submucosa of the
folds and an external layer of plexiform arrangement. The serosa has loose connective
tissue with a high blood supply and is surrounded by mesothelium.

Uterus: globose in shape with numerous long folds (Figure 56). Mucosa with
ciliated pseudostratified prismatic epithelium with goblet cells. The lamina propria
shows abundant branched tubular glands of serous secretion (Figures 56 and 57). The
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Figure 54.
The figure shows a fold of the isthmus (P), the mucosa (M) with its epithelium (E), chorion of dense connective
tissue with glands (G), submucosa (SM) and lumen (L). Staining: Van Gieson, 200 X.

Figure 55.

Higher magnification of the inset of Figure 54. E: ciliated pseudostratified prismatic lining epithelium with goblet
cells and G: chorion of dense connective tissue with simple tubular glands of serous secretion. Staining: Van Gieson,
1000xX.

thin submucosa of loose connective tissue is well supplied with some smooth muscle
fibers. The muscularis is arranged in an internal circular layer that emits fine pro-
jections toward the submucosa and an external layer with a plexiform arrangement.
The serosa contains loose connective tissue with a high blood supply and is
surrounded by mesothelium.
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Figure 56.
The figure shows a fold of the uterus (P), the mucosa (M) with its epithelium (E), and chorion of connective tissue
with numerous glands (G) and submucosa (SM). Staining: H-E, 200 X.

Vagina: it is a short and narrow segment with a highly developed wall with
numerous, long, and highly branched folds, with numerous villi forming a dense
pattern (Figures 58 and 59). Mucosa presents ciliated pseudostratified prismatic
epithelium with goblet cells (Figure 60). The dense connective tissue lamina propria
is glandless. The arrangement of these folds gives rise to the formation of numerous
spaces. The loose connective tissue submucosa is highly irrigated and bundled with
smooth muscle fibers. The muscularis is arranged in a thick internal circular layer that
projects notably through the submucosa of the folds and its ramifications, also
reaching the villi and an external layer with a plexiform arrangement (Figures 58 and
59). An adventitia of loose connective tissue and a serosa that has loose connective
tissue and is surrounded by mesothelium.

7. Discussion and conclusions

At the level of the glands attached to the ostrich digestive system, certain histo-
logical differences are observed. The ostrich liver does not present significant differ-
ences from the liver of the chicken and other species [16]. However, the arrangement
of the hepatocyte cords, both around the central vein and the portal spaces, is radi-
ated, and a clear organization into lobules is not observed. In the ostrich proventricu-
lus, we can point out that it does not present great differences from that of the chicken
[16, 17]. Although the simple and branched tubular glands of the mucosa are poorly
developed, they are very similar to the fundic glands of monogastric mammals (dogs)
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Figure 57.

Higher magnification of the inset of Figuve 56. Mucosa (M) with ciliated pseudostratified prismatic lining
epithelium with goblet cells (E), connective tissue chorion with branching tubular glands of serous secretion (G),
and submucosa (SM). Staining: H-E, 400 x.

and non-true ruminants (camelids) [18, 19]. The ostrich and chicken submucosa are
similar, presenting compound tubulo-alveolar glands [16, 17]. In the ostrich, it should
be noted that these glands have a large number of parietal cells that secrete
hydrochloric acid [12]. The pancreas of both the ostrich and the chicken present
adenomeres of the tubulo-acinar type composed of serous secretion [16].

The epithelium of the esophageal mucosa in the ostrich is non-keratinized strati-
fied squamous type, while in ruminants the mucosa presents a high degree of
parakeratinization, which is slight in the horse [20]. The lamina propria in the ostrich
shows numerous simple and branched tubuloalveolar glands of mucus secretion,
arranged along its entire length [13]. The hen presents mucous secretion glands of the
tubuloacinar type composed [21]. In other species, such as ruminants, horses and pigs,
the mucosa lacks these glands [16]. The muscularis mucosa in the ostrich is observed
as a thick layer of longitudinally arranged smooth muscle fibers. The hen has two
layers, an internal one with a circular arrangement, formed by thin fascicles that are
not always appreciable, and an external longitudinal one that is more developed [22].
The muscularis mucosa of domestic birds is formed only by a layer of longitudinally
arranged smooth muscle fibers [21]. In the ostrich, the esophageal submucosa is very
poorly developed, and as in the chicken, it lacks glands [21], while in the horse and
ruminants, these glands are present, but they are only observed in the pharyngoe-
sophageal junction [16, 20]. The muscularis of the ostrich esophagus, as in the
chicken, has two layers of smooth muscle with an internal circular and external
longitudinal arrangement [21, 22]. In the ruminant it is made up of striated
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Figure 58.

Panoramic histological section of the vaginal wall with long, branched folds (P) and villi (V). Smooth muscle (ml)
with the internal circular arrangement and external plexiform. The first is projected into the submucosa (*) of the
folds and their ramifications. Staining: HE, 12.5 x.

musculature, which extends from the esophagus to the reticular groove; and in the
case of the horse, this striated muscle comprises the proximal two-thirds of the
esophagus, but gradually changes to smooth muscle in the distal third [20]. In the
ostrich proventriculus, protein digestion begins through the secretion of pepsinogen
and hydrochloric acid, given in part by the secretion of poorly developed simple and
branched tubular fundic glands from the mucosa. The greatest contribution of
hydrochloric acid, apparently, is the product of the tubuloalveolar glands composed of
the submucosa [12]. In the ostrich, between the muscular layer and the serosa, we find
a thick layer of compact connective tissue of parallel bundles of type I collagen; this
tendinous layer surrounds the entire organ. Such a structure was also observed in the
abomasum wall of an adult South American camelid, the llama (Lama glama) [18]. In
the muscular ostrich stomach, the mucosa is covered by a thick layer with a horny
appearance, which corresponds to the cuticle (glycocalyx), similar to that described in
the adult rooster [22]. The muscle in the ostrich is similar to the chicken, it has three
thick layers of smooth muscle fibers. However, in the chicken, in some sectors, only a
layer of circularly arranged smooth muscle fibers can be seen [22].

Throughout the mucosa of the small intestine, long intestinal villi are observed,
also described in the chicken. In ruminants, they are short and thick structures [16]. In
ruminants and pigs, eosinophilic granule cells called Paneth cells [20] are observed at
the bottom of the intestinal crypts. These cells were not observed in ostriches
(Bezuidenhout) [23]. The muscularis mucosa in the ostrich duodenum and jejunum
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Figure 59.
Higher magnification of the inset of Figure 58. E: mucosal epithelium (M) lining the folds (P) and their villi (V).
Submucosa (SM). Staining: H-E, 200 X.

presents two layers of smooth muscle fibers, one internal circular and one external
longitudinal, and three layers of muscle fibers are described in the ileum. On the other
hand, in the hen, the muscularis mucosa consists of only one layer of smooth muscle
fibers arranged longitudinally along the entire segment [22]. The submucosa in the
ostrich, as in the chicken, is observed as a thin layer of loose connective tissue, it
shows a greater thickness when it contains submucosal nerve plexuses or blood vessels
and does not show glands [17, 21]. In contrast, in ruminants and horses, the submu-
cosa shows tubuloalveolar glands, whose excretory ducts cross the muscularis
mucosa and open at the bottom of the intestinal crypts. These glands are of the
mucous type in ruminants and of the serous type in the horse, which are observed up
to the jejunum [20].

At the level of the large intestine, in the cecum of the ostrich a spiral fold is
described, formed by a nucleus of mucosa and submucosa, this plays an important
role in the absorption of volatile fatty acids and other metabolites produced by the
microbial fermentation of cellulose and hemicellulose (Bezuidenhout) [23]. The colon
and rectum present longitudinal folds made up of mucosal and submucosal nuclei, as
described for other domestic species [20]. The mucosa in the ostrich’s large intestine
lacks villi and is formed by a simple columnar epithelium, similar to that described in
the horse and in the ruminant [20]. The microscopic analysis carried out on the glands
and the different segments of the ostrich digestive tract shows the general structure
present in the wall of the digestive tract of vertebrates. However, certain differences
are observed that may be the product of functional and adaptation changes. This
histological analysis is a contribution not only to biology, but can also be very useful,
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Figure 60.
Higher magnification of the inset of Figure 59. Shows the mucosa (M) with its pseudostratified lining epithelium
prismatic ciliated with goblet cells (E) and villi (V). Staining: H-E, 400X.

especially to better understand the food and nutritional processes during ostrich
breeding and management. In addition, they constitute a tool to face the diseases that
are produced in them.

The conduction pathway from the larynx to the secondary bronchi is characterized
by a mucosa lined by a ciliated prismatic pseudostratified epithelium with goblet cells,
interrupted by crypts with simple mucus-secreting tubuloalveolar glands. With the
exception of the extrapulmonary primary bronchi, which show this characteristic only
in the mucosa of the medial region where the ends of the hyaline cartilage semi-rings
of their adventitia converge. The remaining mucosa of these presents a ciliated pris-
matic pseudostratified epithelium with goblet cells without crypts or simple
tubuloalveolar glands with interposed mucus secretion [14]. However, it should be
noted that in the mucosa of the air sacs, crypts with simple tubuloalveolar glands of
mucus secretion can be observed in some sectors. In these air sacs, the mucosa is
reinforced with type I collagen fibers, constituting a tendinous layer [14]. This tendi-
nous layer of type I collagen is observed in the ostrich proventriculus subserosa [13]
and in the abomasum subserosa in the llama [18]. The ostrich syrinx is located at the
bifurcation of the trachea, it presents three thickenings of the mucosa, the lateral
tympaniform membranes, the medial tympaniform membranes that are analogous to
the vocal folds of mammals [24], and the central membrane or pessulus, lined by
ciliated prismatic pseudostratified epithelium with goblet cells, also observed and
described by [25]. However, crypts with simple mucus-secreting tubuloalveolar
glands interposed in their epithelium are also observed. In the ostrich pessulus, neither
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cartilage nor bone tissue is seen [14]. In the chicken, the pessulus presents a skeleton
of cartilage or bone tissue [26, 27].

At the intrapulmonary level, the primary intrapulmonary bronchi or mesobronchi
in the ostrich are lined by a ciliated prismatic pseudostratified epithelium with goblet
cells, interrupted by crypts with simple mucus-secreting tubuloalveolar glands [14].
The hyaline cartilage of its adventitia is not arranged in semi-rings, but in cartilagi-
nous plates that gradually decrease in size until they disappear at the level of the
secondary bronchi. Unlike the ostrich, the intrapulmonary primary bronchi in the
chicken have a simple ciliated prismatic epithelium, with numerous cells of mucus
secretion [27]. The secondary bronchi in the ostrich present a ciliated prismatic
pseudostratified epithelium with goblet cells, with deep crypts ending in simple
mucus-secreting tubuloalveolar glands. They do not have hyaline cartilage; however,
they show bundles of smooth muscle in a circular arrangement [14]. In the case of
chickens, they present a simple ciliated prismatic epithelium with mucous cells [27].
The parabronchi in the ostrich present a low simple cuboidal epithelium over a thin
layer of connective tissue. Then a layer of smooth muscle in a helical arrangement in
both directions [14]. Various dilations or cavities called atria originate from this
bronchial mucosa, which conduct air toward the air capillaries, also described by [28].
The parabronchi in the chicken present the same type of epithelium, with the abun-
dant presence of atria [26, 27]. The air capillaries of the ostrich and the chicken are
very similar, they present a simple epithelium, where flat cells (type I pneumocytes)
and cuboidal cells (type II pneumocytes) are observed, similar to the epithelium of the
lung alveoli in mammals [14, 27]. The mucosa of the conducting airways in the ostrich
is adapted to generate large amounts of mucus. This mucus production capacity allows
foreign particles to be retained, and temperature and humidity regulation of the
inspired air. In this way, it protects this extensive mucosal surface from drying out,
given the ecological characteristics where this species reproduces, develops, and lives.
Through the comparative analysis, it was possible to establish similarities and differ-
ences with the chicken, with special emphasis on the mucous layer. Although many of
its characteristics remind us of those observed in other bird species, some differences
were observed.

The ovarian cortex in the ostrich is covered by a lining epithelium that changes
from simple cuboidal to simple ciliated prismatic and in sectors to pseudostratified
prismatic, whereas in the chicken it is simple cuboidal [8, 27]. In the ostrich, the
follicles show a microscopic structure similar to those of the chicken [27, 29]. How-
ever, in the ostrich, follicles in different stages of development show myofibroblasts
concentrically arranged in the theca surrounding the granulosa layer. Myofibroblasts
are very noticeable in the theca interna of vitellogenic follicles [15].

In the ostrich oviduct, the mucosa of the folds of the infundibulum, magnum,
isthmus, uterus, and vagina present a ciliated prismatic pseudostratified epithelium
with goblet cells. In the hen, it is the same, except for the infundibulum which pre-
sents a simple ciliated prismatic epithelium [27]. In the chorion of the ostrich oviduct,
at the level of the infundibulum, simple alveolar and tubuloalveolar glands of mucous
secretion are observed. This type of gland is also found in abundance in the chorion of
the esophageal and respiratory mucosa of these birds [14, 18]. The chorion of the
magnum presents branched tubular glands of serous secretion. The chorion of the
isthmus presents simple tubular glands of serous secretion. The chorion of the uterus
has branched tubular glands of serous secretion, and the chorion of the vagina lacks
glands. In the chicken, it is similar, however, the chorion of the infundibulum does not
present glands and that of the vagina presents simple tubular glands of serous
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secretion [27]. These would contribute to forming the cuticle of the eggshell [30] and
act as a sperm reservoir [10, 27]. In the ostrich, it is likely that the labyrinth of folds,
ramifications, and villi present in the vagina acts as a reservoir for spermatozoa. The
histological study of the reproductive system of the female will be one more tool that
will allow for solving reproductive and management problems in ostrich breeding. In
addition, it will be very useful to face the diseases that occur in it.

Author details
Julio Luis Erwin Illanes Herrero
Veterinary Medical, Facultad de Medicina, Clinica Alemana Universidad del

Desarrollo, Santiago, Chile

*Address all correspondence to: jillanes@udd.cl

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

161



Birds — Conservation, Research and Ecology

References

[1] Deeming DC. Introduccién. In: El
Avestruz: Biologia, produccién y
sanidad. Zaragoza: Acribia; 2001.
pp. 1-11

[2] Camiruaga, M. El Avestruz: Sistema
de Produccién en Chile. Fundacién para
la Innovacién Agraria, Santiago, Chile,
2004

[3] Camiruaga M, Simoneti C.
Avestruces, Sistema digestivo y su
alimentacién. 2003. Available from:
http://www.faif.puc.cl

[4] Bezuidenhout AJ. Anatomia. In: El
Avestruz: Biologifa, produccién y
sanidad. Zaragoza: Acribia; 2001.

pp. 13-50

[5] Angel CR. A review of ratites
nutrition. Animal Feed Science and
Technology. 1966;60:241-246

[6] Huchzermeyer F, W. Patologia de
Avestruces y otras Ratites. Madrid:
Ediciones Mundi-Prensa; 2000

[7] Dyce KM, Sack WO, Wensing CJG.
Anatomia Veterinaria. 2a ed. Ciudad de
México: McGraw-Hill Interamericana;
2004

[8] Fudge MA. Laboratory Medicine
Avian and Exotic Pets. California:
Saunders; 2000

[9] Whittow GC. Sturkies Avian
Physiology. 5a ed. Hawaii: Academic
Press; 2000

[10] Hafez ESE. Reproduccién e
Inseminacién Artificial en Animales.
7th ed. Ciudad de México: McGraw-Hill
Interamericana; 2002

[11] Luna L. Manual of Histologic
Staining Methods of the Armed Forces

162

Institute of a Pathology. 3rd ed.
New York: McGraw-Hill; 1968

[12] Illanes J, Fertilio B, Quijada M,
Leyton V, Verdugo F. Histologic
description of the annexed glands from
the ostrich digestive system Struthio
camelus var. domesticus. International
Journal of Morphology. 2006;24(3):
297-302

[13] Illanes ], Fertilio B, Chamblas M,
Leyton V, Verdugo F. Histologic
description of the different segments
from the ostrich digestive system
(Struthio camelus var. domesticus).
International Journal of Morphology.
2006;24(2):205-214

[14] llanes ], Leichtle J, Leyton V,

Tapia LF, Fertilio B, Castro M. Histologic
description of the different segments
from the ostrich respiratory system
(Struthio camelus var. domesticus).
International Journal of Morphology.
2014;32(4):1325-1336

[15] lllanes J, Matus F, Leyton V,
Venegas F, Fertilio B, Castro M.
Histological description of the ostrich
female reproductive system (Strutio
camelus var. Domesticus). International
Journal of Morphology. 2018;36(4):
1252-1261

[16] Bacha W], Wood LM. Aparato
Digestivo. In: Atlas color de Histologia
Veterinaria. Buenos Aires: Intermédica;
1991. pp. 111-150

[17] McLelland J. Atlas en color de
Anatomia de las aves. En aparato
digestivo. Buenos Aires: Interamericana;
1992. pp. 53-54

[18] Illanes J, Vigneaux IM, Adaro L,
Olivares R, Mendoza J, Riveros V.



Histological Analysis of Different Organ Systems in Ostrich

DOI: http://dx.doi.org/10.5772 /intechopen.1001516

Andlisis morfoldégico comparado de la
regién fundica entre un canido (Canis
familiaris) y un camélido suramericano
(Lama glama). Revista chilena de
anatomia. 1994;12(2):161-167

[19] Cummings J, Munnell ], Vallenas A.
The mucigenous glandular mucosa

in the complex stomach of two
new-world camelids, the llama and

guanaco. Journal of Morphages. 1972;137:

71-110

[20] Stinson AW, Calhoun ML. Sistema
Digestivo. En: Dieter Dellmann, H.
Histologia Veterinaria. Zaragoza,
Acribia, 1993. pp. 239-256

[21] Dieter Dellmann H, Eurell J.
Textbook of Veterinary Histology. 5th
ed. Philadelphia: Lippincott Williams &
Wilkins; 1998

[22] Delhon GA, Ferndndez-Surribas J,
Gagna G, Lacolla D, von Lawzewitsch I.

Aparato digestivo de las aves domésticas.

En: Lecciones de histologia veterinaria.
Hemisferio Sur, Buenos Aires, 1984.
pp. 45-111

[23] Cooper R, Mahroze K. Anatomy and
physiology of the gastrointestinal tract
and growth curves of the ostrich
(Struthio camelus). Animal Science
Journal. 2004;75:491-498

[24] Nickel R, Schummer AY,
Seiferle E. Anatomy of the Domestic
Birds. Berlin: Verlag Paul Parey; 1977.
p. 65

[25] Yildiz H, Bahadir A, Akkog A. A
study on the morphological structure of
syrinx in ostriches (Struthio camelus).
Anatomia, Histologia, Embryologia.
2003;32(3):187-191

[26] Sisson S, Grossman JD. Anatomia de
los animales domésticos. Tomo II. 5a ed.
Meéxico D. F: Masson; 2000

163

[27] Bacha W], Bacha LM. Atlas Color de
Histologia Veterinaria. 2a ed. Buenos
Aires: Intermédica; 2001

[28] Maina JN, Nathaniel C. A qualitative
and quantitative study of the lung of an
ostrich, Struthio camelus. Journal of
Experimental Biology. 2001;204(Pt. 13):
2313-2330

[29] Kimaro WH. An
immunohistochemical and
ultrastructural study of the ovary of the
immature ostrich (Struthio camelus)
[M.Sc. thesis]. Pretoria: Department of
Anatomy and Physiology, Faculty of
Veterinary Science, University of
Pretoria; 2005. Available from: https://
repository.up.ac.za/bitstream/handle/
2263/23731/Complete.pdf?sequence=3

[30] Fujii S. Histological and
histochemical studies on the oviduct of
the domestic fowl with special reference
to the region of uterovaginal juncture.
Archivum Histologicum Japonicum.
1963;23:447-459






Chapter 9

Distribution of House Sparrows,
Passer domesticus indicus, in
Coimbatore District, Tamil Nadu,

India

Mahalakshmi Sundarapandian and Priya Raman

Abstract

The Indian house sparrow, Passer domesticus indicus, is a small bird that is common
in India, found in close contact with humans, instead of forests. Over recent years,
according to the study, the house sparrow population has been on the decline in many
Asian countries, which is quite evident in India. To understand the reason for their
decline a study was conducted in Coimbatore, Tamil Nadu, India, during 2007-2008.
The population of the house sparrows was counted at five sampling sites: agricultural
area, marketplace, bus stand, residential area, and industrial area. The industrial area
showed a decline in the population compared to other areas. The study was conducted
again after 12 years at the same sampling site during the pandemic. It was observed
an increase of 128% in the agricultural area, 233% in the marketplace, 369% in the
bus stand area, 131% in the residential area, and 214% in the industrial area. It was
interesting to notice a pronounced increase in all the study sites, which is slightly
deviating from the other studies that reported their decline. The increase in numbers
may be due to the fewer working men and less usage of the equipment during the
pandemic.

Keywords: house sparrows, Passer domesticus, agricultural, residential, industrial, bus
stand, market place, COVID-19 pandemic

1. Introduction

The Indian house sparrow, Passer domesticus indicus, is one of the commonest birds
in India. The species is native to and resides in urban and rural areas across India,
Burma, Africa, Britain, and Northern Siberia [1]. The house sparrows are exceptional
‘invaders’ [2] of the tropics and have ‘followed humans worldwide’. It is a non-migra-
tory species and is closely tied to human activity. The species breed in small colonies
or in loose groups [3, 4]. House sparrows are commonly found around human dwell-
ings and feed on grains and insects. House sparrows are opportunistic feeders and
adapt to a variety of food sources. In the 1920’ the house sparrow was regarded as
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a very serious pest of the growing crops. Later it was observed that house sparrows
effectively control many pests of crops. It is also said these birds fly high during the
rainy season predicting rainfall. In recent years, there have been reports of the house
sparrow population declining throughout Europe [5, 6].

The small-sized bird is known for its distinctive brown-gray plumage and its
familiar chirping call. It is monogamous [4] with a small stout conical beak. The bird
has a typical length of 16 cm (ranging from 14 to 18 cm), and its mass ranges from
24 to 39.5 g. Males are usually larger than the females. House sparrows also engage in
social activities such as dust or water bathing and social singing in which birds call
together in shrub bushes, or trees [7]. In recent years, the house sparrow population
has been declining in many Asian countries, which is quite evident in India.

2. Textile capital city of Tamilnadu

Coimbatore is a city in the South Indian state of Tamil Nadu and is the second
largest city in Tamil Nadu [8]. Coimbatore villages are peaceful and scenic with
agricultural and artisanal traditions. Coimbatore is one of the most industrialized
cities in Tamil Nadu, known as the textile capital of South India or the Manchester of
the South. The city is situated on the banks of the river Noyyal. It is regarded as one of
the most urbanized and polluted cities in Tamil Nadu [8]. The town is rapidly dete-
riorating into environmental decay and degeneration. Rapid industrialization and
unlimited urbanization have created environmental disasters. Studies of the urban
bird species in India are still in their infancy. There is a dearth of information regard-
ing their distribution, population, dynamics, and threats.

House sparrows have been abundant in the Coimbatore region in the last two
or three decades. Of late, their population has been declining at an alarming rate
in this region [9]. These birds are an integral part of the ecosystem, and their loss
can have cascading effects on other species. It is important to conduct research to
understand the reasons behind the decline in the population of Indian house spar-
rows. This can help in identifying effective conservation strategies that can address
the root causes of the problem. As no valid data on their decline are available, a
study was conducted to know the incidence of house sparrows in different locations
in Coimbatore.

3. Taxonomy and geographic range

Kingdom  Animalia
Phylum Chordata

Class Aves

Order Passeriformes
Family Passeridae
Genus Passer

Species domesticus

Subspecies indicus

The house sparrows are culturally prominent and found in most parts of the
world. This small bird belongs to the order of the perching birds and sparrow family.
The genus Passer contains about 25 species according to the Handbook of Birds of the
World. There are more than 12 recognized subspecies [10]. These subspecies vary
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in their distribution and characteristics, reflecting regional adaptations and genetic
diversity. Few recognized subspecies

1. Passer domesticus domesticus (found in Europe, Asia and North Africa)

2. Passer domesticus indicus (found in the Indian subcontinent)

3. Passer domesticus bactrianus (found in Central Asia)

4. Passer domesticus tingitanus (found in Morocco and parts of North Africa)
5. Passer domesticus niloticus (found in parts of Sudan and Ethiopia)

6. Passer domesticus balearoibericus (found in the Balearic Islands of Spain)

The Passer domesticus was described as a species and Passer domesticus indicus was
considered a distinct subspecies by many ornithologists during the 19th century [11].
Passer domesticus indicus have white cheeks and is widely distributed in the Indian
subcontinent and is also found in Southern Israel and most of the Arabian Peninsula
east to southern Iran, India, and Sri Lanka [12].

4. The study protocol

The study areas were chosen based on the types of habitats in different directions.
The population trends of the house sparrows were counted at five sampling sites
(Figure 1), namely, agricultural area with farmlands (Kovanoor), densely populated
marketplace (Periyanaickenpalayam), highly vehicular traffic area — bus stand
(Veerapandi pirivu), moderately populated and moderately vehicular traffic residen-
tial area (Press colony) and highly polluted industrial area (Shanthimedu).

The counting of birds was carried out in the morning from 7 to 10 AM when they
are most active and conspicuous [13]. No single survey can provide all the necessary
data for every research question [14]. Surveys were, therefore, conducted once a
fortnight in the identified locations [13] from June 2007 to February 2008. After a
long period, the same places were selected and observed during the lockdown period
from June 2020 to February 2021. Regular field observation was also made on the
nest, nesting sites, feeding habitats, and food sources [13]. Recordings were also made
season-wise. The number of sparrows was conducted by field methods, recording
methods, and distance estimates. In this study, the number of sparrows was counted
by the point count method. The census method involving repeated counts in the same
place in successive months is likely to provide an accurate picture of the population
status [15, 16].

5. Results

The observations made on the abundance of Passer domesticus indicus populations
in different regions are given in Table 1. The data reveals that population declines
have occurred in both urban and rural areas, but more in the former [15]. This
should be a serious public concern [17]. The agricultural area selected for the study
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Figure 1.

Study site.
Months Agriculture Market Bus Stand Residential Industrial
June 25 10 4 17 7
July 27 7 2 15 5
August 20 9 3 14 6
September 33 15 5 23 3
October 35 12 4 27 2
November 31 18 3 30 5
December 39 19 4 34 4
January 32 23 5 30 2
February 35 15 3 29 7
Total 277 128 33 219 41
Status I III \Y% I v

Table1.

June 2007 to February 2008.

is Kovanoor. Most of the population is engaged in farming activities. It is situated
near the Noyyal River and several smaller streams, which provide water for irrigation
and contribute to the area. The highest number of 277 house sparrows were observed
in the agricultural area. Moderate numbers of 219 sparrows were recorded in the
residential (Press colony). They are adapted to living in close proximity to humans
and are often found in gardens, parks in residential areas.

One hundred twenty eight sparrows were recorded in the market area
(Periyanaickenpalayam). In market areas, they may be attracted to food stalls, where

168



Distribution of House Sparrows, Passer domesticus indicus, in Coimbatore District...
DOI: http://dx.doi.org/10.5772/intechopen.1002009

they can scavenge leftover food and crumbs. They may also be attracted to areas
where grains or other food items are stored or sold. The population has undergone a
significant decline in the number of 41 in the industrial area (Shanthimedu). While
house sparrows can adapt to living in industrial areas, it is important to be aware of
the potential hazards associated with industrial activity. Thirty three were recorded
in the bus stand area, Veerapandi Pirivu. House sparrows are not commonly found
in bus stand areas as these environments are typically noisy and heavily trafficked
by people and vehicles. Additionally, bus stand areas tend to have a limited amount
of vegetation and green spaces, which can make it difficult for birds to find suitable
nesting sites and foraging opportunities [18].

Conservation efforts in all these environments can help to promote the diversity
of bird populations and support the health of the ecosystem. The population of house
sparrows was seen to be more pronounced in the winter period [19] (December,
January, February) than in the spring (June, July, August) and autumn (September,
October, November) period. This increase in the number of birds in winter may be
due to successive breeding of the sparrows. Certainly, house sparrows can continue to
coexist with humans and flourish where they live.

It was observed that the population of these birds has increased during the
pandemic, shown in Table 2. The birds showed an increased population of 78 in the
agricultural area, 171 in the marketplace, 89 in the bus stand area, 70 in the residen-
tial area, and 47 in the industrial area. This may be due to the lesser vehicular usage.
In the industrial area, the population was pronounced high compared to the other
months when the study was conducted particularly during the breeding season. The
percentage increase in the house sparrow is given in Table 3. This shows that the
population has increased in the bus stand area by 369% followed by the marketplace
with 233%, industrial area by 214%, residential area by 131%, and agricultural
area by 128%. All the other study areas showed more birds compared to the earlier
study. The COVID-19 pandemic has primarily affected humans with social and
economic impacts worldwide. This has changed human behavior like less travel and
outdoor activities during lockdown. This may also play a role in the increase in the
population.

Months Agriculture Market Bus Stand Residential Industrial
June 29 20 9 20 8
July 27 22 7 21 7
August 25 27 10 26 9
September 35 31 14 29 9
October 39 37 10 30 7
November 45 34 16 33 8
December 53 38 15 40 15
January 50 43 19 48 12
February 52 47 22 42 13
Total 355 299 122 289 88
Status I II v III A
Table 2.

June 2020 to February 2021.
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Sampling site Number increase % increase Status

Agricultural 78 128 \4

Market 171 233 1I

Bus Stand 89 369 I

Residential 70 131 v

Industrial 47 214 I
Table 3.

Percentage of increase in the house sparrows.

6. Discussion

The decrease in the population of house sparrows may be due to the unavailability
of plenty of food such as grains, insects in the vegetables (caterpillars), and suitable
nesting sites [20] in the agricultural area [13, 15]. It has been reported that house
sparrows usually build their nests in the crevices of thatched roofs of old houses,
electric pipelines, ventilation holes, and in the space available on the electricity meters
[21]. Planting hedgerows and other native vegetation to provide food and shelter for
birds and creating nesting sites [22] for birds may improve their population. Farmers
can control the spread of non-native animals such as feral cats or European starlings,
which can compete with house sparrows for food and nesting sites. It is also known
that sparrows in small groups rest on hanging electric wires in city areas [13]. A
similar pattern was observed in the present study also, shown in Figure 2.

The decline in the number in residential areas is due to the presence of cell phone
towers [23]. Gardens are increasingly popular in Coimbatore. They are often treated
as external rooms, where bird feeding is done with good quantity and a range of
foodstuffs [24]. A group of house sparrows chirping in the evening was observed
on a shrub (Figure 3) and in garden landscapes (Figure 4). The dismantling of
tiled houses and construction of concrete buildings has become a problem to house
sparrows for their living and breeding. Modern buildings are generally without
roof spaces for nesting [25]. Roof repairs and loft conversions are more prevalent in
wealthier areas. Even when the nesting sites are available crows frequently destroy
the chicks by either pulling them out of the nest or capturing them when they take
their first flight [26-28].

Many buildings and landowners are leasing their rooftops and nearby garden land
to telecommunication companies. The owners may not be aware of the hazardous
effect. This may also be a reason for their general population decline. One way to
provide nesting sites for house sparrows is by installing birdhouses or nesting boxes
in suitable locations. These can be designed to mimic natural nesting sites, such as
cavities in trees or buildings, and can be placed in sheltered areas around the market
(Figures 5-12) [29].

Studies on food supplementation experiments have shown that the decline could
be related to a reduction in winter food supplies [15, 30]. The moderate number of
populations observed in the market area is due to the reduction of food availability.
Habitat quality is known to have a major influence on sparrow populations with the
availability of food sources [31-33].

In industrial areas, they may feed on scraps of human food found in dumpsters
or other waste areas. Increased human activity and vehicle traffic in these areas can
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Figure 2.
House sparrows resting on electric wires.

Figure 3.
House sparrows chirping in the evening.

pose a risk to birds. To minimize the impact of noise and other forms of disturbances
on house sparrows, it is important to implement measures to reduce noise levels and
create suitable habitats that are less susceptible to disturbances.
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Figure 4.
House sparrows in the garden landscape.

Figure 5.
Artificial nests mimicking the natural nests. [Hindustan Tiimes, march 21, 2022].

It is important to keep these feeding stations clean and well-maintained to prevent
the spread of disease. Minimizing human activity around bird habitats during the
breeding season can help to reduce disturbance and promote successful reproduc-
tion. Monitoring bird populations is important to ensure that conservation efforts
are effective and that bird populations remain healthy and thriving. It is important
to work with local authorities and organizations to develop bird-friendly policies
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Figure 6.
Artificial nests mimicking the natural nests. [bivdbgone.com].

.5;,43,- Official

Figure7.
Artificial nests mimicking the natural nests. [wwwyoutube.com].

and practices in industrial areas, such as guidelines for the management of industrial

waste and the use of bird-friendly materials and designs in industrial infrastructure.
In marketplace, there were fewer house sparrows recorded due to the reduction

in the number of domestic animals. Due to this reduction, fewer amount of food

resources like spilled grains as both feed and dung are available to the house spar-

rows [34]. The causes for the decline of the house sparrows may also include a reduc-

tion of food supplies, possibly from the reduced refuse along the roads, more efficient
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Figure 8.
Artificial nests mimicking the natural nests. [www.sialis.org].

Figure 9.
Artificial nests mimicking the natural nests. [amazon.in].

street cleaning, a reduction of weedy areas in both private and public gardens [10],
and a reduction of private small scale poultry farming practices in rural areas [14].
The existence of few houses with limited availability of nesting sites and food avail-
ability is also a reason for their lesser population. By creating green spaces, and a more
hospitable environment for house sparrows we can help to ensure that these impor-
tant habitats continue to support diverse bird populations [35]. Reducing pollution
can help improve air and water quality while promoting the coexistence of birds and
humans can help to promote a sense of community and connection to nature.
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Figure 10.
Artificial nests mimicking the natural nests. [© Oscar Gutierrez].

Figure 11.
Artificial nests mimicking the natural nests. [times of India, march 20, 2020].

7. Review of the global and Indian situation

The House sparrow population has been dwindling in many parts of the world,
and India is no exception. Noyyal River is a vital ecosystem that supports a wide
range of plant and animal species, including several species of birds. House sparrows
may be attracted to areas where there is vegetation cover, such as grassy areas and
scrublands. They may also be attracted to areas with human-made structures, such
as buildings or warehouses, where they can build their nests in crevices or holes. The
house sparrows have adapted to living near humans, their populations have been
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Figure 12.
Artificial nests mimicking the natural nests. [odishabytes.com, march 20, 2021].

declining in recent years, and conservation efforts are needed to help support their
populations. There is thus a serious threat to the survival of house sparrows. Unless
they adapt to the changes, house sparrows may migrate or gradually disappear. House
sparrows are known to thrive in rural and agricultural environments with a mix of
green spaces, open areas, and buildings with suitable nesting sites.

Species, by their very nature, have specific ecological requirements. They may
appear to share the same habitat as many others, but each has a different specific
niche [36]. Creating bird-friendly habitats, providing supplemental food and water
sources for birds, particularly during drought or when natural food sources are scarce.
Pesticide use can be harmful to birds and other wildlife, so it is important for farmers
and residents in the area to minimize the use of harmful chemicals [37]. Protecting
natural water sources and ensuring that agricultural practices are sustainable and
environmentally friendly can help maintain and enhance the biodiversity of the area.
Farmers and other landowners can also work to control the spread of invasive plant
species, which can displace native vegetation and reduce available habitat for birds.
Habitats must, however, meet the needs of the species that depend on them [28].
Adoption of sustainable practices and technologies [3] that reduce the environmental
impact of industrial activity i.e., by use of renewable energy sources such as solar
power.

In addition to habitat loss and pesticide use [37], other factors that contribute to
the decline in the population of Indian house sparrows include air pollution, electro-
magnetic radiation [5, 23], and the lack of nesting sites. As urbanization and develop-
ment continue to expand in India, it is important to take steps to conserve the natural
habitats of these birds and promote their survival.

Conservation is not just about avoiding extinctions but also restoring or recover-
ing species populations to secure levels [36]. The rapid decline of house sparrows is a
serious concern because,

* If such a human-associated bird species is suddenly declining, the situation seems
to be bleak. The future looks even bleaker for other species that are more sensitive
to human habitat change and require more pristine habitats.

176



Distribution of House Sparrows, Passer domesticus indicus, in Coimbatore District...
DOI: http://dx.doi.org/10.5772/intechopen.1002009

* The implication of the decline in sparrow populations is also reflected in the living
conditions in the human environment, particularly in the cities.

Conserving and restoring habitats on the landscape scale is vital to nature conser-
vation, especially to make biodiversity robust to environmental change. Apart from
conservation efforts, research on the biology, behavior, and habitat requirements of
Indian house sparrows are important to understand the reasons behind their decline
and to develop effective conservation strategies [38]. Raising awareness through edu-
cational initiatives, such as workshops or public outreach programs, as well as through
media campaigns about the importance of conserving house sparrow populations can
help to promote positive attitudes and behaviors towards bird conservation.

Many government and Non-Governmental Organizations (NGOs) in India are
working together to conserve house sparrows. The Nature Forever Society, a Mumbai-
based organization, has launched a nationwide campaign called “Save Our Sparrows”
to promote the conservation of these birds. The organization motivates people to
fabricate suitable habitats for sparrows, providing nest boxes, and bird feeders and
promoting awareness about the importance of conservation.

Rural areas in and around Coimbatore are facing a diversity of environmental
challenges, like climate change, water scarcity, and soil degradation. Addressing these
challenges will require a collaborative effort from the local community, as well as sup-
port from the government and other organizations. The situation in Coimbatore is thus
alarming. Immediate conservation measures are, therefore, required to be carried out in
the coming years. Conservation plans and status assessments at the national level should
be implemented to check the decline of sparrow populations. By working together, it may
be possible to ensure that places remain sustainable and lively for future generations.

8. Conclusions

In conclusion, monitoring bird populations is important to make sure that
conservation efforts are effective, and that populations remain healthy and flourish-
ing. This can be done through citizen science programs, or other monitoring initia-
tives, which can help to identify trends in bird populations and track the effectiveness
of conservation efforts. Trailing broader environmental and social goals can help
to promote the coexistence of birds and humans in these environments. The Passer
domesticus indicus is an important bird species that plays a significant role in maintain-
ing the ecological balance in urban and rural areas of India. One must strive hard to
conserve this species by promoting awareness, reducing pesticide use, and promoting
suitable nesting sites and food sources for the birds. Efforts from individuals, orga-
nizations, and the government are needed to promote their survival and ensure that
future generations can enjoy the presence of these charming and important birds. The
decline of house sparrows is not unique but has been observed in other parts of the
world as well. Therefore, international collaboration and research can help develop
effective strategies for the conservation of these subspecies globally.
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