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Global trends

AClimate change
Alncreasing temperatures
Achanging weather patterns, droughts and inundating rains

ADesertification
AReduction in overall world crop yields
ADecrease in food and feed grain availability (biofuel production)

ADifference between projected requirement of food supply and
available resources by 202040

AExpected change in animal production systems

ACrop residue based ruminant and other herbivore production system in
developing countries (app. 3.3 billion cattle, sheep and goat)

Leng 2010



Desertification Vulnerability
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AA0% of Earthoés | and is covered by dryl
people.

A 12 million hectares of productive land become barren every year due to desertificatio
drought as a result of human activity and/or climate change



Important books on physiology and adaptation
of camels to the desert environment




Camel population in the World

[ Bactrians and dromedaries are native in 47 countries in the Woﬂld
Faye, 2009




Changes in camel population and milk production
from 1961 to 2014
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SHORT REPORT Open Access

Extension of camel farming Camel rearing replacing cattle production among

In Africa

Camel farming is developing in Nigeria,
CAR, Uganda, Tanzania

the Borana community in Isiolo County of
Northern Kenya, as climate variability bites

Anastasia W Kagunyuv and Joseph Wanjohi® 2014

Extreme Wildlife Declines and Concurrent
Increase in Livestock Numbers in Kenya:

What Are the Causes?
Change in population size (%)
1977-1980 vs 1994-19487 1977-1980 vs 2011-2013
Sheep and goats - 1.7 76.3
Camel - 15
Donkey -
Cattle —
Burchell's zebra - 7.4
Buffalo — -51.5
Elephant 43 6
Districh — -
Wildebeest — -51.3
B Giraffe - -45.5
(=] Geranuk -44 6
é Grant's gazelle -47.8
Warthog =54 .8
Lesser kudu — -49.6
Thomson's gazelle -46.6
Eland -| -60.6
Oryx-| -59.8
Topi- -60.0
Hartebeest |  -57.5
Impala -
Grevy's zebra - -73.9
Waterbuck - -68.5
| T | T T
=100 80 -20 20 60
Og utuet al. , 2016 Change in population size (%)




Adaptation strategies
Physiology, Anatomy, Behavior biological reasons for growth

AAnatomy and physiological mechanisms to tolerate
high heat loads
Ahigh ambient temperature
Awater scarcity
Aability to withstand dehydration

AAbility to utilize marginal feed sourcesand high
saltcontent plants (halophytes)

AHigh feed conversion efficiency (?)



Annual changes in maximum temperature in continental
climate (Budapest) and in desert environment (Dubal)
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Diurnal variation in body temperature
dehydrated vs. hydrated camels

ADuring water deprivation T PR s
A6.2°C (34.5 to 40.7C) L
A decrease in early morning

Alf access to water (or in winter)
A2°C (36 to 38°C) “

AAdvantages of high body temperature

A storage of heat: 500 kg animal stoPeS00
kcal (10.5 MJ) heat

A decrease of evaporation: equivalent to the
evaporation ob liters of water

A reduction in heat flow from the

environment SR

AMetabolic rate is decreased in dehydration, .~ ™ Sy T N
but increased by high temperature | | |
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Insulatlon of the Camel the fur and skln pads
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A Skinis thin andhighly vascularized A Subcutaneoufat limited

A Camelshavesweatfollicles anddo sweat AFur sheddingis in the autumn, hair follicle

. - . cycle hasa seasonalpattern with peakin the
A Evaporatioris notvisible from the skin summerautumn



Unigue behavior in the desert
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ACamels expose smallest possible body surface area to the radiation from the sun
AThey tend to sit in groups and in the same place for long time




Total heat load of hydrated and dehydrated camels
7000 - (BW: 260 kg)
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0

Hydrated camel Dehidrated camel
@ Heat stored in the body mHeat dissipated by evaporation

[ Dehydrated camels reduce heat flow from the environment by 5(} %

SchmidtNielsen, 1964



SchmidtNielsen et al., 1981



Nose of the camel and ventilation

ARespiration rate

A 6-11/min. Gvg 8) morning

A 8-18/min. @vg 16) during the day

Ain dehydrated camels 4.3/min.
ASurface area of turbinate structures is much larger than in huf@0s¢n? vs. 12 cri)
AWall-to-wall distance (the width of the passageways) is much smaller than in humans
AlIn hydrated and mildly dehydrated camekhaled air is saturated(100 %r.h.)

AlIn severely dehydrated cametshaled air is unsaturated(75 %r.h.) with extremely
low respiratory water losses

ARespiratory water loss isduced by coolingof the exhaled air and by a simple
exchange system based onding hygroscopic nasal surfacen dehydrated animals

ARecovery of water caused by nasal heat exchange might#@a&cétof the potential
respiratory water loss

SchmidtNielsen et al., 1981



Cooling of the brain

ATemperature of the exhaled aithigh
during the day and low during the night

AThe cool venous blood from the nasal region drains via the cavernousrsitings,
carotid rete it cools the arterial blood flowing to the brain based on cowgugent
heat exchange (Askipmarkl|935),

AAssuming 40 I/min of ventilation volume in a 500 kg camel, the amount of heat
removed per minute is 3.42 kJ. This is sufficientdol about 410 ml blood by 2C.

A Exhalation of warm, saturated air in the daytime can pesmhitctive cooling of the
brain relative to body core temperature

A At night, when the surroundings are cool, this mechanism is not needed and the role

of water conservationtakes over. SchmidtNielsen et al., 1981



Kidney function and urine excretion

A Anatomical features: small urinary bladder (<0.5 liter) and narrow urethra
AUnigue way of urination —

AUrine volumelow: 1.5- 5 liters
AIn dehydrated animals: 0-8L.5 liters
ALow GFR (0.51 ml/kg/min)
A Low urine flow (2 ml/kg/h) compared to ruminants

A Concentration verjigh
A osmolality 548 2,372mosnikg (mean 1466nosnikg)
Aln a sample 19.2 g/L Na, 3.8 g/L K and 34.4 g/L Cl

A Ability to drink water with high salt content

AUrea recyclingunder low protein diet L N\
Adecrease in dietary protein (13.6 to 6.1 &@m) -9B66 increase in urea recycling
A urea transported to C1 (rumen) for bacterial arsioidl and protein synthesis

SchmidtNielsen, 1964Yagil andBerlyng 1978



Total daily water turnover of a dromedary camel

TABLE 1. ACCOUNT OF DAILY WATER INTAKE AND OUTPUT OF A CAMEL

T ———— e

Daily Water Intake, 9 of B, Wt, [ Daily Water Output, 75 of T3, Wi,
Date - — [ | . R
LI T Xicii g k] r E =
Dirinking food tion T'otal Feces | Urine T:ﬁﬂ Total
s-12 Dec. D As* L1 .22 I1.21 .36 .23 2 1,21
27 Jan.—10 Feb. H | 1.31 .14 .22 1.67 .50 30 | .87 | 1.67
29 May—3 June H 4.40 .05 | .21 4-72 . 35 - 34 4.00 | 4.7z
§—23 JUne 17 .09 05 | .21 2.25 .30 | .53 1.43 | 2.2%
22-2% June H 4.50 s 1 .22 4.80 | .30 I .37 4.10 ; 4.86

”S-chmidtNi-é_Ilsen et al., 1956

Total daily water consumption of a lactating dromedary

A622 kg average BW and 7.2 kg of average milk per day

A6.22 x 4.9 liters of water + 6.5 liters of water in millm=) estimated37.0 liters
mm) measuredd5s.6 liters
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Camelid genomes reveal evolution and adaptation
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Figure 4 | Schematic model of renal medullary osmosis and water reservation in the camel under water restriction. The shading of boxes indicates
the upregulation (red), constant expression (white) or downregulation (green) of genes in the renal medulla of Bactrian camels during WE. The dashed
lines indicate the ulktimate functions or effects of the gene expression and the related prodoct's activities.

Huiguanget al., 2014



Tolerance to dehydration and recovery

AExceptional tolerance to dehydration

Ain most species water loss uplt®14 % of BW in hot environment is fatal
A 17 days without water in winter== 16.2 % loss in BW (36.5 kg)
A7 days without water in summess) 27.2 %loss of BW and loss of appetite

A Distribution of water loss

A interstitial water loss —> 38 9% (15.8 liters)
Aintracellular water loss =) 24 % (32 liters)
A plasma water loss — 8.8 % (1.2 liters)

ABlood viscosity is low and rather constant during temperature changes

AHigh drinking capacity but no water storage
A largest quantity at once 107 liters in 10 minutes
A largest total quantity 186 liters in two portions

A camels tolerateélood hypo-osmolality for long time (decrease by hosnikg
for >30 hours) due to erythrocyte resistance

SchmidtNielsen, 1964Benlamlihet al., 1992Windbergeret al., 2018



Digestive tract In camels

1/ Adatadan 17 74

ADifference in morphology, histology and
motility of the forestomach

A3 compartments(C1, C2 and C3)
ADorsal part of C1 is stratified epithelium
AVentral part made up byiandular mucosa

AC3 is long, intestindike organ ends in
hindstomacl{H)

A During motility, fluids are pressed into
glandular sac (GS) for potential absorption

g

Camelids are ruminating but are not Ruminants

Ability to digest poor quality forages andhigh salt contentplants (halophytes)
Urea recycling if feed protein content is low




Energy metabolism: myth and reality |.

AEfficient energy conservation (adaptation) and basal
metabolism (DMI1°1 %)

A 500 kg camel od-5 kg of poor hay or straw ;
AMet abol i c:mdrézweight gain gftér underfeeding)
(Bengoumi et al., 2005)
ABlood glucose is highein camels than in sheep and ponie
A Camel >100120 mg/ml or >5.65.7 mmol/
ASheep 3@2mg/ml  or 2 mmoll

ASlow rate of glucose eliminationpoor insulin response or
reduced tissue sensitiviglmahdiet al., 1997)

AHigh incidence of diabetegtype Il, 21 %, > 140 mg/ml or
7. 8mmoVI) after highcalorie dlet(All et al., 2006)

ANo correlation between plasma leptin and body weight, B ST
(Bengoumi et al., 2005) - ..




Blood glucose levels early morning in notactating
dromedaries with different body condition
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Body Condition Score (BCS, 1-5

Blood Glucose=5 3.85% 0.12 wival/il or 69.4- % 2.1 mig/fincl (SEM)



Challenges under intensive management: obesity




Seasonal changes in energy
expenditure, body temperature

SCIENTIFIC RE P{?RTS and activity patterns in llamas

(Lama glama)

Alexander Riek?, Lea Brinkmann?!, Matthias Gauly?, Jurcevic Perica®, Thomas Ruf?,
: Walter Arnold (°, Catherine Hambly®, John R. Speakman®* & Martina Gerken®
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Milk production without water: myth and reality Il.

Alt was widely accepted that camels
maintain milk production andilute milk

during water deprivation and dehydration
(Yagil andEtzion, 1980)

AMilk quantity is constant for one week
during water deprivation

ABut, milk osmolality increases in parallel
with plasma osmolality

A Camelsdo not dilute milk when
dehydrated (Bekele et al., 2011)
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' d

Effects of different watering W1l Y watered once daily
regimes on milk production and

feeding behaviour in lactating .
camels inErrer valley W4 Y watered every fourth day

y &
Y % 1)

b ;1\-- :
Wate re&

-3 > W16 Y no water for sixteen days
W”F

Bekele et al., 2011



Conclusion of the study

ACamels can feed and continue to
produce milk during sixteen days
without water.

AHowever, food intake and feeding time
decreased when the dehydration period
was prolonged.

ACamels do not increase milk volume

ANor camels dilute their milk during
water deprivation

Bekele et al., 2011




AVG milk per day (kg)

=
o
|

SO F N W ~ O O N 0 ©
! ! ! ! ! ! ! ! !

Sensitivity to heat stress ?
Milk production in the summer

Lactation mean: 6.6 kg/day

Lactation mean: 5.7 kg/day
Lactation mean: 6.8 kg/day

[ Milk production is increasing in the summer }

5 10 15 20 25
Month of lactation

===Delivey before 1 JAN ===Delivery from 1 JAN to 31 March ==Delivery after 31 March



Comparison of a dairy camel with a dairy cattle

Body weight (kg) 620 650
Milk production (kg) 7.2 °©40
Dry matter intake (kg) 13.3 ©25
Drinking water(l) 45 0250
Water forcooling (l) 0 °500
Total water use (I) °60 ©1000

Daily water requiremen(k60 liter) is a fraction
of that of aHF cow (>1000 liter)




Effect of heat stress

on reproduction in the dairy cow

*Poor estrus expression
/ *Poor quality oocytes
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Does temperature influence reproduction
In female dromedaries ?
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Seasonal breeding is more likely related to photoperiodic changes and male Ii@ido




Pregnancy rate (%)

Effect of temperature on

Pregnancy rate of one male in two seasons

due to different management
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Interaction between pregnancy and lactation

—o— Group 1 (non-pregnant) —®— Group 2 (pregnant) - « - Group 3 (embryonic mortality) Non-pregnant camels (n = 7) - -~ Pregnant camels (n=7)
12,0 1 0 Non-pregnant production: 4856 + 567 kg
12.0 - Pregnant production: 2705 + 198 kg
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} [ 30- 45 % reduction in total production and DIM J




Fetal development and birth weight

384 days 278 days 340 days Ratio of birth weight to gestation length
55 1 0,18 -
50 - 0,16 -
— o i}
2 s5- g oM
= S 0,124
40 - Q)
§ 0 o 010-
b 35 - % 0,08 -
m 30 A 0,06 -
0,04 -
25 - 0,02 -
20 - 0,00 -
Camel Horse Camel Horse

Dromedary calves reach full maturity after
longer gestation, but at much lower weight
compared to equine and bovine foetuses

[This is part of the mechanisms how the species ad?pted
to limited feed sources in desert environment

Nagy and Juhasz, 2019




Conclusions

ADromedary camel population is growing

AUpper limit of the thermaeutral zone is app. 40 °C
ACamels do not store extra water in their body
AMinimize water losses with various mechanisms
AHave high tolerance to dehydration and fast recovery
A Able toutilise marginal feed sources (high salt content) efficiehtly
AAre not sensitive to fAheat stresso u
A Synchronize seasonal reproduction around ambient temperature and feed supply
APrioritize energy and nutrients towards gestation rather than towards lactation

A Gestation physiology and fetal development adapted to limited food sources

[ Perfect species for production in arid, semarid climate }
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