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Article Info ABSTRACT
Article type: Most of methods to determine environmental flow in Iran have been dealt with
Research Article the required depth for movement of target species whilst that interaction of flow

and turbulence in river morphology should be paid more attention. Flow
turbulence could be of significance in rivers, however, it has rarely been
considered in river restoration and habitat evaluation, due to its complexity. In
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connection, potential threats and opportunities have been put forward for river
wildlife conservation. With regards to limited knowledge of this topic in Iran,
this research could enable scientists and practitioners to understand the
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Figure 1. Definition of Reynolds number and laminar and turbulent flow, with example Reynolds numbers for
different types of organisms interacting with the flow.
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Table 1. IPOS (Intensity, Periodicity, Orientation, and Scale) categories identified by Lacey et al. (81) with
example variables and descriptions

Parameter Description
Intensity Turbulence intensity Root mean square of the turbulent fluctuations (Reynolds normal stresses in
(absolute) the u, v, and w dimension
Turbulence intensity Normalized (by shear or mean velocity) values for u, v, and w:
(relative) o
TI, =—*
U
Turbulent kinetic energy Combines RMSu, RMSv, and RMSw:
1 >
TKE:Ep(RMSf +RMS? + RMS?)
Reynolds shear stresses Represent the turbulent flux of momentum—may affect organisms but
rarely reported
7, = puv't,, = pu'wr, = pv'w
Vorticity
0=2Q
Where Q represents the angular velocity or rotational speed of the fluid.
Periodicity Predictability Kurtosis* of the turbulent residuals (u’, v’, and w’) used as an initial
indicator
Z\: XX ¢
K= ( o ]
N
AR(2) models applied and the condition for pseudo-periodicity* derived.70
Average eddy frequency/period (the integral time scale) can be derived
(where R(t) is the normalized autocorrelation function and t is the time lag):
178, ., = [{R()dt
Energy spectra Fourier transform (spectral density/wavenumber spectra) traditionally
applied to qualitatively explore the shape of spectra and derive the kinetic
energy maximum. Involves conversion of the frequency spectra into wave
number spectra (k) using the frequency domain (f,):
U
E(k)=—-S(1,)
e 2r f,
U
Wavelet  analysis—a more sophisticated method, better for
intermittent/evolving flow structures (dominant frequency)
Orientation * An initial, basic indicator of flow ‘orientation’ can be derived from the
Skewnes L
skewness of the uy, vo, and wy components,83 describing the asymmetry of
the frequency distribution of the magnitude of turbulent fluctuations on each
of the three planes:
N —\4
3 (ﬂj
K="1227
N
Event structure*® Duration and/or contribution to stress of each type of ‘event’: Q1 (u0 > 0,
w0 > 0; outward interactions), Q2 (u0 < 0, w0 > 0; ejections of fluid away
from the bed), Q3 (u0 < 0, w0 < 0; inward interactions), and Q4 (u0 > 0, w0
< 0; inrushes of fluid toward the bed).
Direction dominant fluctuation Axis of eddy rotation—angle between the direction of dominant fluctuation
and the streamwise direction.
Reynolds shear stresses Indicating the magnitude of stress on the different planes (u’v’, u’w’ and
v’w’)—see above.
Scale Eddy length scale Average eddy length or spatial extent of the region of correlation (‘wedges’

Fish momentum:
wedge momentum
ratio

Eddy diameter

of fluid). The integral time scale (see above) can be converted to an average
eddy length (L) using mean velocity (U) and t (time):

L=Ut
Derived from the length scale (Lu) and fish length (Lf) and convection
velocity of the wedge (ue) and fish velocity (uf):

Wedge momentum _ L.,

Fish momentum L, *u,

Spatial extent of rotating fluid, often directly measured using PIV
techniques in the laboratory.

* denotes additional variables to those directly identified in (Lacey et al., 2012) Where x = u, v, and w components, N are the
number of observations and p is the water density, u’ , v’, and w’ are the turbulent residuals, and U, V, and W the mean velocities

along the three components.
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ol 48,5 )18 ) 1390 Pt c)hypile bawgs b 18 )8l pl (655 e (Lol sla g,

GanT yb > oles 3l ookt .Y ) Y
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Figure 2. Interactions between flow hydrodynamics and aquatic organisms at small scales in rivers. For aquatic
plants, this includes: (1) depth-scaled shear generated turbulence formed above vegetation, (2) canopy scale shear
generated turbulence, (3) turbulence generated at the scale of individual stems and (4) at the scale of individual
leaves. (Reprinted with permission from Ref 5. Copyright 2010 John Wiley and Sons). Additional sources of
turbulence associated with plant motionS occurring at scales intermediate between the stem and canopy are not
shown here. Also showing exploitation of turbulent flow structures for feeding by mayfly larvae (Reprinted with
permission from Ref 97. Copyright 1990 John Wiley and Sons) and blackfly larvae (Reprinted with permission from
Ref 63. Copyright 1986 NRC Research Press), and by trout (Reprinted with permission from Ref 28. Copyright
2007. The Royal Society") for efficient locomotion in the vicinity of bluff bodies—*denotes that Karman gaiting in
trout has been observed in laboratory flumes with D-shaped cylinders rather than natural river channels. Main
diagram not to scalee.



VFY (ol o5lods (o0 s 0590 o5 ylof 9 of o pto L¥3

Wilgs oo oligS” Sloj (slooygd (sl by bawgie Cax y3 ol sblyj Ldgs o 258 b keSSl (S
Bran S5l et )3 g a8 Lais el b g (Mol &8> 4 5 o (ol Blge S935 2 ] 293 Casbse
&S b o sl Sy ol el dl S > i jsba (Przybilla et al., 2010) sSlwy o J8lis 4 1,
Gazzola et al., 2014; Maia and ) &S o (¢S ol gyl sy 5l g 00,8 K8 ol Laas b 2l 4
Job 5 s, ojlul o (iS00l & S dgu o di8)S (65 ) S gy )T 5l pad sl p> (Wilga, 2016
(cowl plaiol oSy caar OMS &) wls)S iy i BB S (Liao, 2007) o)l S (plo 0
Caodywl )0 sl (oo &S 10yl s (sl )3 LLS j5 laaly 5 oisus )| SO (56Xl wile (Lacey et al., 2012)
N o sl gl 3 09 bl AIKLe]] (slopsls 5 JS5 D ol glaalgial BLL) 5 ol i
& g did dgime (a8 s il 4 5 oAby atide S5 b balS dulyd ol cos (Y JS)
odiplal (claialejl (Liao and Cotel, 2013) wmd o 1y by (sla)lidbo w i g oot ol b alo
il <52 lp ]y 358 (e)S i) e eS8 ol b (ale ) & el o0y Lt VI (alo g9,
e onl yo (Liao et al., 2003) 35 o Silon «andVb plus! jl sssady cwyin BB a5 slagSl oy
o8 05 o oslizal gl sy MM LB 5 ety Ui 550 P2 ooy oI55 4 lagale oS
plo oSy 5l onsady Ssasl (Liao ef al., 2003) cul olyon <S> oy 3 Brae 5y Glime ials
(Liao, 2007) 35 oo ;1,8 oolawldyge alie o5y 4 50 la lo
oo 0 b pSeiul (B e sl gl la)Ble I (B e sdeorgs 098 adllas
6588 sleudlS,l CosSw oo &Sy 4 Suop 4l yd 4 (Blanckaert et al., 2013) a0 (sbapusS)]
Gy sl gy oles caenl I (o3l sladiges grgop! b ol 15515 ills oyl (Hart ef al., 1996) el
Loyl Lawgs (ol dlgo (ool 45wt adiges ol 5 (S Sl (sloosiiSaiss & Conl Loyiwd 15 oy o
Eaed 9 o slasl plo g 48 laostly e WS Hal calpl ol dtuly (> (Seeladgyds olss 4
oSe slg,Y ¢ ko lgicas (Hart and Fineli, 1999) cuwl pro jlows Gleo dlge JWEsl 5 by yle iS00l
JS5) s 13 by e Blisie bE 3 1) (liadss pogaste bl ogs o 8B 2 b il e ol
S sygbotr LS o wrl S 1) Ly Jsb 5 gl S 3 eldidg shaly S el gaieoype Sl Bl (Y
1S ild S50 Y VL) Ol (500 5 4B (i Y ] abS 4 eada)ly dlse gl S
5 &l Gy (olisn bug oxdily by (sl jl wlg e Ko slag,Y (Chance and Craig, 1986)
pb & b o il (clasS ¢ Jlolaicas (Soluk and Craig, 1990) auS™ solatwl dildagy s sla J1s5 ;1 4i%
A 5Pl el 5 b S (pugd Al 3 b CansVl 4 5y )8 b Sl il g g
Soluk and Craig, ) 35l e Kol 1) cwliy B e o dle o (slodesbs g o 1S yis el a8 WS
50,5 s> (6 sVl Cuaws 4y (5 b emg ol sl b (6)S0d 655 (Jolie o (¥ JS5) (1990
Coows 4 1y by a8 4S o odlazul wld)S sl (glp o 5l 0gs 0xelVL sy clal g eSELE (o ol yoray
ply 4y 5lagle aS a0 Gl cas 90 4 1y 4355 (el opl (Soluk and Craig, 1988) &S’ o 8 v (4ol
JBb 5l olge daze (gilwslre 5 o Jlis! (il a3 g id e Jb o glaab S g0 dlae il
o8l ) Glais cus )8 o (gl iy 181 5 iy Slgw) gyl laailiag) ;0 Wil o bpuwlSe oyl o JIbgS
bylys 5l aslg o by cas o b ygbre 43 (651,58 b sasie slapaslS )l (Soluk and Craig, 1990) s



A0 ailisg, aided] Gl 43 SRl (FYj 5 Ol ool gt Sy ) 40 (54550

oRlPl ] 353 45 £ gl 53 et b (Jlaplgisdy S ooliul S yide jsbay edidbul (Seelindgyin
buwg odiader (1) s s yme I odliiwl b ale slaaiwd L g (Chance and Craig, 1986) sxas o
Munoz-Mas et al., 2015; Shaw, ) s> o SialS |y Ls (655 Guas e «andYh o 300 b ol

(1978; Svendsen et al., 2003

G g oy 150 S Ol gieds (SSRRLT Y ) LY
Sl 5l wleas @l obpl e of bl e e o (Suadl (S5glsnsd 5 551 slaaije
CS o S dizja GiIB (Bl ol G St Gl LS s (il (e
(Asaeda and Rashid, 2016) .i, 3 SJglic slacylsd xio o (Sand-Jensen and Pedersen, 1999) S ),
lgiea) IS 5 ecs 298 elSiny; j ol b e alrale 4 oo sl (Sas gl 3 (Siail o)l
ol S Ssail cladliygy ) iy (5 Sy plie & S 5V S laggld 1518 Glogas g Lol il ¢ Jlto
Slog s 45) st Cuow 0 Jlow poon (U 0 dlowl Yharg) Ty (slag s 45) st j) Jlw z3 )3 03298 A
Blanckaert ef ) sz 5355 8 me s o ojlul Al claylidle oS olals )0 g (1S 0 Dbl Ty g Lay
395 W plo pogSye b g acuml Blyml cel cunl (Koo dbj by (i35 (s> slacdls > (al., 2013
oN ks sl esl u_i,.ul \/yu.a Ll (Deng et al., 2005; Odeh et al., 2002; Silva et al., 2012)
—agp il 3l e 31 Mee dy Silotpes o8 3580 JSB et b g (Camdpmly S 4 5y b pbrarly)
odzm Gob 4 (2)KD 5 deb e Lalyy s ol Wlg e (Siad] iz (Liao, 2007) dad oy
OialS 1) jrelcaiise dpo cd> ok 5 ()18 Cuse ity Sl el e Wl ol (Saadl gl
ol ) sl cas &1y lale Sl baled piuw Slg o u_i..ul ‘M;Lm (Higham et al., 2015) a»>
S50bls (Higham ef al., 2015) 1L o Ll gyl dwo Jlaist cqycpljl g 1S Jiste S o o3litwl bl )
oS ol amd ials 1) e ololid Cubild pubitue pé jobas Wil o (Saas] 51 ol @ygaS Liol5dl el
O Alold g ey ol Sae WS 80k (b sla il g YU s b ([Siasl (o ime p3 LuwdlS (clag,Y
)b s atadl bl ) 5 SogS clbdesb plo (opines (Rice ef al., 2008) Lb gals by
.(Havskum et al., 2005; Joensuu et al., 2013; Rothschild and Osborn, 1988) %54 o0 15 pivcuw]
635 Sllllao drgd)50 did )3 bl 3 Slos g o ale (1) 5 puddplio «bpme) i 555 0 (Siasl 56
b Jlelgiea (Cotel and Webb, 2015) 3945 o 033 a5 a8lite gols ¢ Jol oS5 3 g cowl 43,3 1,3
e € amd Gl Cunnpml 4 lraly 4 Cand 1) Gurdilgslh Gow (alo Colun cul oo (Siail ol
Sarlizd 5l 5 5 (Enders et al., 2003) 35 ull] gl gsalles YIS oo slis ajn il &
wolo p (Sl ol 6wl zn (2003) Nikora ef al. Sllas > Lol )l Lo 75U cloged VI3
radn ) ol ouiS uSate lais] Glasls ol a5 dmd o i $ 38D sy ol 00 odalie KL
02155 b o] bl cy )90 385 Lolgs ((Saadl sl pulSe 1 u)le o it hmghy gl cilie
Cotel and Webb, 2015; ) 5 ,53L 5 6,55k ile (6,5, (slaguoly 1l o doaisS (Lolie Meto) Sujsles job
50 Gl g Comuins (( SNj 4> > (Lacey et al., 2012; Maia et al., 2015; Smith et al., 2014

g5 1y (Sibdl 5 buogio g I Jelite b Sas8 5 Sy st (slagoale 3l I 5T canl Ko



VY (o) 0 sloss ot s 0590 e 5 5loT 9 o o prito a1

sl b S o Ol ]y JaS Copw b (Sly dadll 5 6 gl Judda Vs da 5 4 o S cpl iy o
S o A5l | o gy (sl 5 5 (Sl o0 sl S s B 5 5l oSS & o3l 5SS
(Hockley et al., 2014) cul (Sogll opl 5l 256 (65,0) cslodin o oy o)l 5o onimd Lis o
3 peie b ole 59y p Suasl s 5l b Sl ond Wb go) p wldlas jl ool S by
GAlS Jolos 51 (S5 o alo oIl 4y aayly )3 o0l Cans dad o LS a5 31y deg (sloailsd dalad cilons
(v JS.3) (Cotel and Webb, 2015; Silva et al., 2012; Webb et al., 2010) cul 55l aiysp » 38,50
slepll g ol balad i Caonl odimd lis &S dgi 0 oalaiwl QT o3l byl gl 2l Jeb jl \19‘“‘"
s Sy9pe L;svaLo slain Sales b 9 Bl ‘LS);C"J?:? LS‘)% 9 00 FRWAS pd Y Uz»uwl slas Caol >
D103, Lo 5 03,5 6Ll ls )T uilS )8 5 035l s wsSre dlayly 4 395 Cldllas y> (2015) Cotel and Webb
oS Iy sl ale (gl 658 Cuenl (b cwl (Ses alS 0 3SesS 5 S, &
a5 1S ol gylul oM, ‘Lm‘_'j PSS 5 03,5 Jas Sl ol alie ol clylsle
@il Cumdge (ol Caa SNl 4l cul Sas ((alo o Jsb 4 gl o)l s 4 i) Lausgie
Jlolgica (Cotel and Webb, 2015) uas 51,3 ,sbicos 1) b lp ol oUlg cul (Ses > g il
b slaals,S a8 Jboys wd,8 aST &b opml 3o b ojlulen Lu).n.: sl S cuenl p (2011) Silva et al.
Caoglie il 38l el OS> ot 4 yoxie a5 W15 o )ub Bow ol Jolw p ale Job pow o L.,).m ol
lalllas 45 (2010) Tritico and Cotel alie jsbas (Lupandin, 2005) 30 o b Cs puo ialS 5 ¢ Sl
JB ol il wwy al fh Job aoyd Y8 4 bS58 )5 Job oS Slej b a8 wilasl > 245
Pl S aS cwl Gloy e Job 300 phe CaeS S (L)) Sdd o Cawd Ty daaild) S o 555
@ ol O Ui o Job a5 Sloj e jd wld)S 58 s olawi b Malgs" lgieds a5 505 o 4,8 ails S 5 me

(Cotel and Webb, 2015) 545 0 48,5 ,lai > S <8 > by 550 355 b Jobo ol

Spatial scale

No Pl Eddy size:
impact fish length ratio
b
<1 Eddy momentum: = or >1
v fish momentum
Small Temporal scale
impact
! YES High
4 NO ) High P | energy costs
time persistence?
Positive P YES Tail beat frequency NO Negative
impact - = Karman gait? > impact

Figure 3. Decision tree illustrating how the spatial and temporal scales of eddies, combined with fish
dimensions, influence the nature and magnitude of impacts on fish bioenergetics. (Reprinted with permission
from Copyright 2015 Oxford University Press
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