UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Scaring waterfowl as a management tool: how much more do geese forage after
disturbance?

Nolet, B.A.; Kdlzsch, A.; Elderenbosch, M.; van Noordwijk, A.J.

DOI
10.1111/1365-2664.12698

Publication date
2016

Document Version
Other version

Published in
Journal of Applied Ecology

Link to publication

Citation for published version (APA):

Nolet, B. A., Kdlzsch, A., Elderenbosch, M., & van Noordwijk, A. J. (2016). Scaring waterfowl
as a management tool: how much more do geese forage after disturbance? Journal of
Applied Ecology, 53(Special Feature: Model-assisted monitoring of biodiversity ), 1413-1421.
https://doi.org/10.1111/1365-2664.12698

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:09 Mar 2023


https://doi.org/10.1111/1365-2664.12698
https://dare.uva.nl/personal/pure/en/publications/scaring-waterfowl-as-a-management-tool-how-much-more-do-geese-forage-after-disturbance(e061551e-4c7d-44af-ab0a-d4f1c1e02300).html
https://doi.org/10.1111/1365-2664.12698

Appendix S2. Method to calculate energy intake rate and experalit
Energetics

We assume that the birds aim to be in weight balameaning that on a daily basis
metabolizable energy intakBIEI, J d*) is equal to energy expenditu2&E, J d*), or in

case an energetic deficit is incurred, it will lmeioterbalanced by an energetic surplus as soon
as the circumstances allow. A 24h da&y=(86,400 s d) is split into time spent resting,
foragingT;, s d*), and flying [T, s d*, from and to a roost).

The daily intake of metabolizable enerd§Hl, J d*) is the product of the instantaneous
intake ratdIR (g s%), a function of the sward height (see sectinake ratebelow), after
conversion to metabolizable energye(IIR J %), and the daily foraging tinig:

MEI = q[edIR [T, (eqn 1)

whereq is the assimilation anel(J g*) the energy content of the fodH. is a function of the
energy balance (see below).

The daily energy expenditurBEE, J d*) is:
DEE=(T -T, -T,)RMR+T, [FMR+T, VMR (eqn 2)

whereRMR(J $Y) is resting metabolic rateMR (J %) is field metabolic rate, andMR (J
s%) is flying metabolic rate.

Flying is an energy-demanding activity. Flight tifig(s d*) is 2V/v whereV is the average
distance (m) from the roost to the foraging sitd ais the average flight speed (i) $§11].
The flight costs/MR (J %) are allometrically scaled to body mass accorttingmpirical data
from other bird species [10]. For parameter vakess Table S1.

The bird is in balance when the time spent foragietfls anetintake of foraging exactly
covering the costs of resting and flying. EquallMBl to DEE, the required time spent
foraging amounts to
+ _(T-T,)RMR+T, VMR

" q20OR - (FMR-RMR
However, because the geese only forage duringaihetide foraging time is limited by, the
available time (day length including civil twilighday length was calculated from
geographical location, http://herbert.gandraxa.éemgth_of _day.xml, adding 0.5 h to
account for the timing of roost flights). HenceTiif < Ty, the bird cannot cover its energy
requirements on this day, and it loses weight [12]:

AM =k (MEI-DEB)/e (eqn 4)

wherek, is the efficiency for utilization of metabolizabd@ergy during maintenance (0.95,
[3]) andeis the energy density of the tissue (27.5 kJ/jj, B soon as the circumstances
allow, and as long as the current weight is belogvdtarting weight, body weight is gained
again:

(eqn 3)

f



AM =k, (MEI -DEE)/e (eqn 5)
wherekq is the efficiency for utilization of metabolizald@ergy during fat synthesis (0.8,

[3]) -

Within the thermoneutral zonBMRIis 1.4 xBMR (basal metabolic rate) adMR is 1.9 x
BMR[17]. During cold weather with wind and little iation from the sun, the costs of
maintaining body temperature can be higher thasetBtandardfRMR, andFMR).

Therefore, using the theory on heat exchange, Vealete the metabolic ratdMR needed to
keep a bird body at 4&, both during the dayHMRy) and during the nighHMR,) [4, 14,

18]. Thus, realized resting metabolic rR®IR= maxRMR, HMR,) and, likewise, realized
field metabolic rat¢-MR = maxFMRs, HMRy). HMR is a function of ambient air temperature
Ta (°C), wind speediy. (m s*) ath. = 10 m, and the global radiati®y (W m). The effect of
cooling by wind is a function of the sward heigite neglect the heat loss through
evaporation [4]. For further details sEeermoregulation costs

Intakerate

On grassland, bite siZ(g; all biomass in dry weight) is a function ofad height. (m) [6,
19]:
Su = £
1+b,L
whereb; andb, are regression-coefficients. As these herbivoresaaging on spatially
concentrated plants [process 3, 15], total handimg T, (s) is:

:Tc+i8 (eqn 7)

whereT, is cropping time (s) anBnax the maximum rate of chewing (in the absence of
cropping, g ). The cropping tim&. is in turn a function of sward height presumably
because the birds are becoming more selectiveimitbasing sward height [6]:

Tey =T +CL (egn 8; [Box 1, 8])

c

(eqn 6)

T

h(s)

One should also consider that geese regularly igo#turing foraging in order to check their
surroundings. The ratio alert : feeding varies leetw0.22 to 0.03, being lower the larger the
group size [16] and the shorter the day lengthPriking alert the heart beat is elevated above
resting levels [1, 13], and therefore we modelliedtas part of foraging. The intake rate is
calculated over the time span feeding + alert,ragsy a minimum proportion alert of 0.05.
These processes together result in a type 4 furadtiesponse, with an instantaneous intake
ratelIR (g s%) as function of sward height

S + *
i e LRI €an9)
aTys) b L Rnax

a
wherea is the factor with which the feeding time is mpliiéd to account for the alert time (
=1.05). See Table S1 for parameter values.
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Table S1. Parameter values for white-fronted geese

Variable Value Footnote, [Ref]
body masdM (g) 2094 1,[5]
functional responsk; (g m*) 0.246 2
functional responsk, (g m*) 29 3
functional response (s m") 0.5 4
minimal cropping timél¢ (S) 0.59 5
maximal chewing rat&max (g s%) 0.032 6
metabolic energy content of grase (J g') 7300 [2]
basal metabolic ra8MR (J s%) 7.35 7
resting metabolic ralRMR (J s%) 1.4BMR [17]
foraging metabolic ratEMR (J §%) 1.9BMR [17]
flight speedv (m s%) 9.44 8
flight metabolismVMR (J s%) 114.4 9,[10]
distance from rooS¥max (M) 3200 8

Laverage of adults in winter

“based on allometric relationship: Ibg=-0.332 logM + 0.493 B = 0.66,N = 4)

®based on allometric relationship: lbg=-1.49 logM + 6.40 & = 0.85,N = 3)

*interpolation

®average of other waterfowl species

®based on allometric relationship: 1Bgax= 0.871 logM — 4.38 & = 0.84,N = 4)

"based on allometric relationship: IBWIR= 0.755 logM — 1.642 & = 0.97,N = 9);
in [2] erroneously listed under pink-footed goose

8this study

®based on allometric relationship in [10]




Thermoregulation costs

Input variables are the ambient air temperalur@C), windspeedi,. (m s*) at 10 m height
and daily sunshine durati®SD(h day'). For daytime we used maximum temperature and
windspeed and daily sunshine, and for nighttimeimmim temperature and windspeed and no
sunshine. Output iMR, the metabolic rate needed to heat the body aepl kat 40°C.
HMR=H . 4r .r? (Note: [18] uses . r?)
where
r (m) is theradius of the bird, calculated from body mads(g) using an empirical
relationship (Birkebak 1966 in [18]):
r =V((485.6XM/1000+592.83)/(4)) / 100
and
H (W m®) is theheat flux per surface areavhich in turn is calculated as:
H=(@.cp) . (To—Tegd/(rptre)
where
p (g m®) is thedensity of dry ailas a function oTy:
p=1292 — (5 T,) + (0.01567 T (Monteith 1973 in [14])
cpis specific heat of aif1.010 J § °C™)
Tp is body temperaturé40°C)
Tesis standard operative temperatu(®C) (see below)
I is plumage resistancé867 s m) [18]
re (s mY) is equivalent outer resistance
re=(rr . ra)/(rr +1a) [14]
with:
r. (s m?) is radiation resistance
= (@.cp/[d.c.c.(Ta+ 273
where
¢ is emissivity of the surfaaef the bird (0.98) [4]
o is theStefan-Boltzmann constaf®.67 168 W m? °C™*)
ra (s m?) is convection resistance
ra= (e . rio)/(rr + o)

with:

rw (s m") is free convection resistance

re =820[2 r/ (Ts=Ta)]”
and

o (s mY) is forced convection resistarnce

ro = 307V(2r1 / U)
where:

u (m s%) is the wind speed experienced by the bird (séebe
Furthermore:

Tes=To— (1 +0.26 Nu). (Th—Te) (Bakken, 1990 in [4])
where:

Te (°C) isequivalent temperature
Te=Ta+ (Ras—Rem) - Te/ (p .cp) (Campbell, 1977 in [4])



in which:
Rans (W m?)® is theradiation absorbedy the bird:
Raps= 0 . Aratio - Ry +&s.6 . (Ta+ 273} (Campbell, 1977 in [4])
where:
a is absorbtivity to radiation0.75) (Calder & King 1974 in [14])
Aratio IS relative surface receiving direct radiatidf.29) [4]
gs IS emissivity of the surrounding®.94) [4]
Ry (W mi?) =R, . (Aa+Ba. (SSD/ DL))
where:
R. (W mi®) is theextra-terrestrial radiationcalculated according to
http://www.supit.net
Aa andBa areAngstrém-Prescott constanisalculated with tool on
http://www.supit.net
SSD(h day?) is daily sunshine duration
DL (h day?) is daylength
Remi (W m?)* is theradiation emittecby the bird:
Remi=¢ .o . (Ts+ 273) (Campbell, 1977 in [4}f

The wind speed (m s%) at the bird level is:

u=u*/ky.[In((hp + zn—pdo . hy) / z)] (Campbell, 1977 in [4])
where:

u* (m s%) is friction velocity

U* = Unc. ki / [In ((he + Zn—pdh . hy) / )]  (Campbell, 1977 in [4])
with:

Unc IS the wind speed measured at helghth: = 10 m)

k, is theVon Karman proportionality constaf®.41) (notek, cancels out in equ)

Zynisroughness lengtfD.01 m) (Wieringa, 1993 in [18])
pd is relative displacement heigl®.78 ofh,) (Shuttleworth, 1989 ifiL8])
h, (m) isvegetation heighm)

hy, (M) isheight of the bird’s centre of gravity above thewnd fromr (bird radius)

hb =1.5%

Footnotes® [2] incorrectly gives (W) as unit® [4] incorrectly givesT, instead ofTs
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