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Aeeording to IUE:1STAED nnd. SLOBODY.:IN (KS-raodcl, 1953) a
phytoplankton pntch disperses, if its spatial seale . L is
emaller than a critical scale Le , otherwise, L > Le ; the
pateh inereases in size ~ith tioe. The eritieal length Le
is c.cfine:d by
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Abstract

The problem of critical seales for phytoplankton patch:es

i6 di6cussed takinginto aceount the combined advection

diffusion effect on the pateh. Dependent on the epatial

structur of the advection the critical length can vary

rapidly with time.

Here A i8 the constant horizontal diffu8ivity, and '\)
i8 the rate of growth of plankton, respeetively. It ~üs

raentioned by several Guthors (see e.g. ORUBO, 1978; here
the reader may find an extensive list of references) that
th~S-model is cxtrecly simplified and some refining öf
both physieal aud biologieal aspeets are neeessa~J. From
the physieal point of view thore are the following eriti
eal points:

1. The eenstant diffusivity is a very reugh approxiua
tion

2. The boundary eondition that the pateh is surround
ed by unsuitable water i8 rather arbitrary

3. Thc interpretation of L involves '~roblem. Since
any pateh of Eize L<: Le will be destroyed, the
question arisee how a pateh ever ean reaeh aeeale
L >Le

Thc present paper deals with the critical length problem
on the base of an advection-diffusion model. The biologi
eal aspeeta are the Game as in the KS-model.

funk-haas
Neuer Stempel
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Thc 1':ode1

':e study the evolution uf 0 plankton di3tributioIl P( \..I,t)

fro::! a eertain initial pateh P( [,<,0) = Po ( H'). l'hc depth
H of the upper mixed layer oay eoineides with t~o depth of
thc onphotie zone. In the tralJc of t~o ~.odel P( ~.t) iu 3

solution of the diffusion equation

with an initial eondition

and boundary eonditions

'd'P=.o at z:=0 (sea surfaee) and l:.=H
g~

A Qnd Aare loeal horizontal and vertieal diffusivities._ z
~ iz the adyeetion field

( ~1ZI).
VLZ)

with

divM1 = 0
The linear horizontal advection 11 (x,y) in eonsidered to
be a mesoseale feature of a large seale cireulation pattern.
Introdueing the streamfunetion 'jI = uy ' tf' = -vx we have
with u = g, v = -t, u = -v = hy x x y

By lJcans of. Ö= h2 -fg thc atroalJline pattern lJay bo
classified. For () L 0 it follows an eddy strueture and tor
0> 0 wo find a doforcation field. Both exalJples are
lJesoseulo featuro3 cf long wave phenolJenons. For largo times

(51 t » 1 (0~ = Ii'~c/H~ inver3e vertieal r::ixing tir:w) the
pateh in vorücoUy nixed and the solution ean be found by
neans of 0 perturbation theory (FE~mEL 1980n). PcrfominS a
Fouriertransfor::lation

--i.lt>c -{~'t f)
Plk,,,t(t)==~c1xdye' r-(X1y,t)

we have

-a. !l?-_~.) ~2..._ cl<~-iJb - j' e<t- + Y't
(5) Pcl{')(It::) A:; ~(~(I)e)e z. z.

with

(6) altl=2A tt /löhU -c:h(2~t~+Af[2l.r2-1"~(~-f~ (st;:;'t -1) t- F: [1112tlt

(7) blt.:)-:o2A t -rM{cJ..{ZYO'c)-1] + ~[2J.J2..-.f'8-f~( ~l.We_1)+ FYcOlt">]-l:
-0 u t:.wt

a, band e eorrespond to the dispersion of patehes initially
eoneentrated on a point (Po(L.r) =b(x) 8'(y), Po(k,~) =1 ).
d and e deseribe the novement of the pateh along the stream
lines.

H

(citt(ft -1) ~ ; ~clc I1t~)
o
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where tho prineiple axes are

Ov" = 1: [a.-t-/:, "T Veo.-b)'1.'t" c=;:' 1
b*":: 1[o.t-Io -v lCL-Io)L-t-C~}

Due to the anisotropie nature of the advcction there a
critical wavenumbers, given by the oinor and the major
principle aris.

By rotation of the coordinate system (k,~) into the
principle axes system (k~, ~) it follows

ak L+ b.)<.~+ "k)( <. ~t

thc patch increases. Critical seales are deternined by

P(k,~,t) decreasGs \'Iith tir.lG, Vlhile for

B"Gc,l on (5) ':;C~ diseuse the tirr.e dependent wave number
spectl'<lm P(k,)C,t). For

The funetionals Fx' Fy and Fxy are given by (see FErmEL

1980b) H
'1, H J2-

(11) c [JI~i]"" ~?2. ([\Q(i}th/-~( tllt')ch' eh
f x fl.H;) 0 H)

~1 0 0

H ~ l~
(12) F-:CV/ll}:o 811'L C [15 vl'e")(l:z t -i:. (dl'0'{~lch.' J't.

y r,H~ ~ 0 I; ~

(1.3)F. [(1 v]." gi7: (ch( {J(~I)dl!...E~il(l')de)( ~d:l'.)(r) -1.f~n.'lc{ll)
Xy I f>'l H? ~ 0 H 0 () H 0

The distribution P(k,~,t) given by (5) in conncetion with
(6) to (1.3) looks rather complieated. But thc cssential
point is the following: Thc dispersion ci, band e ean vary
more or less rapidly with time. That time dependence i8 eon
troled by the spatial structur of the adveetion (/; =h2 - gf).
In the ease of an eddy strueture (O~ 0) a, b, e are pro
portional to t (t » 1(8/-1) but in the ease of a defomation
.field (0' > 0) these quantities vary with e'2.~t for large
times (t » 0-1 ).
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The interpretation of k1 snd k2 i8 the following:

The 3~all wavenuuber part of the speetruo P(k,~,t)

that Cleans k ~ kl' Jt ~ k1 will increase \"iith tiClc. Thc
largo wavenUrlber part, that mean:J k:> k2 , X> k 2 will dc
erease with time.

For Wavenucers k1 < k <.. k2 and k1 ~ ~~ k2 it emst
be proved by cechs of (14) whcther the correoponding spec
tral part increaces or decreascs.

The cocbined efi'ect of adveetion and diffusion on the patch
sl:loothos high waven~~ber struetures. Obvionsly tr~s inter
pretation cf critieal wavonU::lbers is core General thon that
of the Ks-thcory. Especially the evolution cf :Jl:lall scale '
patchcs to large oeale patehinesa is not axcluded. The
essential point is that wo deal with a eontinous wavenuuber
spcet~. 11' we introduee box-li~c boundary conditions (e.g.
P(x,y) = 0 for x = 0; Lx and y =0; Lx} we would
find a diserete spect~ and then the interpretation of
critical wavenumbers i8 the same os in the KS-eodel. But
m~a~urcments 01' spatial phytoplankton speetra show clearly,
that real spectra are continously (seee.g. DE11.:.Alm, PLATT
1975) •.

Dependent on the spatial strueture of our ad~ection field
.(3) the critical wavenumbers ean vary rapidly with time
Eopecially in the case Of_ a defornation Held «(;> 0) k1
tendo to zero k1 "- rr e f$l:- ,while in ease of an eddy .
field «(; ~ 0) k1 and k2 converges into eon3tant values.
In the forner case the existenee 01' stable patchiness' seems
to be rather improbable, while in the lather ease a stable
plankton patch can be expected.
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