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INTRODUCTION

The mathematical documentation for a lotic ecosystem model was com-

pleted in August 1978, and made available through the Coniferous Forest

Biome Central Office in Internal Report 165. Since the completion of this

report, we have found several errors in the FLEXFORM and have found it

desirable to include examples of the model output for a standard run.

This addendum corrects the mistakes in the FLEXFORM and provides output

for Version I of the,Standard Run, the version that corresponds to the

input tables and parameters listed on pages 41 - 46 and pages 48 - 52

of the Internal Report 165. Moreover, an example of an annual summary

table of system dynamics is included to illustrate the interpretive

value of such information. Output also is plotted in two forms: (1)

state variable dynamics, and (2) trajectories of the specific growth

rates defined on pages 5 - 8 of the documentation.



ERRORS AND OTHER DEFICIENCIES

1. The definition of
z17

is incorrect in the original documentation.

actually programmed as follows:

z1 = b4 + b5 sin (0.01745k - 1.5708)

z17 = b43
+ b44 sin (0.01745k - 1.5708)

While the definition given in the documentation is theoretically

correct, the second definition is included so that the verification

of model behavior, with regard to computer implementation, will be

computationally consistent.

2. The expression for g48 is correct, but the definition of terms in the

expression should read "g27 is the consumption of invertebrate

predator biomass - - - -", not "g26 is - - -".

3. In the original documentation, the values for b64 and b84 were reversed

(see expression for g
59

on page 26 and parameters on pages 44 and 45).

The correct values are b64 = 3 and b84 = 15. This is a serious error

that can affect output significantly.

4. The FLEX algorithm requires that j<i when any G function gi is a

function of another G function gj. Although FLEX 2 has the capability

of searching for the correct order, we specify the correct index order



for computational purpose as follows: 1, 2, 3, 5, 6, 7, 9, 10, 11,

14, 15, 19, 21, 22, 23, 24, 26, 29, 31,

39, 40, 41, 42, 43, 44, 45, 46, 47, 51,

62, 63, 64, 65, 66, 20, 27, 30, 48, 57,

32, 33, 34, 35, 36, 37, 38,

52, 53, 54, 55, 56, 59, 61,

58, 60, 25, 28, 13, 4, 8, 12.

Only G functions have this numbering problem.

5. On page 32 of the documentation, it is stated that for y2 and y15 to

y41
values for xi are values used to calculate the G and F function

values over the preceding time step -- not the current, updated state

variable values. To avoid confusion, the following functions have

been added:

g61 = x2

g62 = x3

g63 = x4

g64 X5

965 = x6

g66 = x7

These functions are calculated in the order specified in (4) above and

should be substituted for their respective x's in the yl and y15
to y41

function definitions (pages 32 - 40).

6. y15 is specified incorrectly on page 32 of the original documentation.

It was

y15 (b92 951 91)x2

and has been changed to

Y15 (b92 951 91)
/x20



[With the changes suggested in (5) above the expression for y15 would

then be y15
= (b92 g51 g1)

7. On page 31 of the original documentation, it is not specified what in-

formation is passed by (14,14 to the Y functions. This information

consisted of the then current x. values for use with Y functions in

generating plot variables. The changes recommended in (5) above

alleviate the need for the statements at the bottom of page 31.

/g61



's

OUTPUT FOR STANDARD RUN

State Variable Values and Related Information

Typical output includes: (1) an introductory page listing run

conditions, initial state variable values, and B parameters; (2) a list

of state variable values for the desired time period, three years in the

case presented here; (3) summary tables, indicating annual dynamics of

selected variables of interest for each year; and (4) a list of the

driving data for the case under consideration. The Y headings at the top

of each page are state variables associated with grazing: Y(2,1); shredding:

Y(3,1); collecting: Y(4,1); vertebrate predation: Y(5,1); invertebrate

predation: Y(6,1); periphyton: Y(7,1); FPOM: Y(8,1); CSLPOM: Y(9,1);

CSLPOM + CFLPOM: Y(13,1); and SLPOM + FLPOM: Y(14,1). The acronyms

correspond to definitions on page 1 of the FLEXFORM. The summary tables

present the annual mean, maximum, and minimum state variable values for

grazing, shredding, collecting, invertebrate predation, vertebrate predation,

periphyton, FPOM, CSLPOM, CFLPOM, SLPOM, and FLPOM. Furthermore, other

biological variables of interest also are included (e.g. annual process

production, assimilation,respiration, export, and losses to predation as

well as a total input - output energy budget). The list of driving data

corresponds to the input tables listed in the appendix of the documentation

(pages 48 - 52).



4t 79/00/29. T1IE8 23.15.46.
LE MODULE t1UUEL

LJTIG E,;i)SY: TE.1 NuUEL STAFi11akJ RUN

N01i1TUri PZINT iNTERVAL I-^ MUNI TUK 1UN 0
LINE PKINT F' 1NT INTEF.VA- 5 L:iaE I'ttINT LU14 6

OJGutEN 1 PitINT INTERVAL 5 UOGUMENI ;.UN 7

MODU W INITIAL JALUE
K 360 0KP --

KPP 1 1

NUr18ER OF A STATES 70
NUNdErt OF Y UUTPUT, 205
NU113ER OF 1 INPUTS 35

NU718EtcvF OEFINEU d PA2A1ETERS 114
AUAdEK OF DEFINED F FUiUGTlUNt 70
NUH3En OF UEFINEO G FUNLTIONS 330
3U 1dEn jF ULFI .LO Ii F UNLT IONS 0

-t._.11_.------.-..-I-"21-----_t__3i_ t_ i_ - * .3t -I-B1_ --t T1 f_ bi -t 91 __ -__ (19) -..-
---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------

INITIAL Al J. 1.816 1.400 2.17731.00 1. 0 00 17. 00 .6600
fl.

0. .0 0. D.
o. 0. 0. 0.
0. 0. 0. 0.

3 PARA1ElE2St 0. .1330E-31 .5700E-01 12.001080. .498uE-01 .4839E-0t 10.204.000 .8000 1.000 4.000.9950E-01 .4b50 .8150 .5600_: 138 DE--D2-__ .1383E°'J2--i?:OJ" Goo--.8600 .L000E+0J .1870E- 02 .200E-02
0. 0 .
.2100E-02 .7000

0.
374GUE-02

.14110E-01 .2960E-31 .1460E-01 1ti.00
2,+00. .5500 .1800 .2100
.4460E-02 ..460E-02 02 -1.000-1.060 - 1. t 00 90 -1.000

3.509 .2600 .9240 10.40 122.0 24.000. 0. 0. 0. 0. 0.o. fl. G. o. 0. 0.o. 0. o. o. o. 0.D. 0. 0. 0. 0. o.
0. 0. 0. 0. 0. 0.

6.000 .1140 .5810 1970E-03 -9-..40 9420..2950E-02 1.070 .6330 1.100 160.0 1.503.5000 0. 0. 3.503 3.500 0.1.300 1.510 .2940 2.030 .1280E-03 .1280E-03:2370 - . 2 33 DtO 17ue,.0t 0 . -- , -. . 30 00_.2600E-Ji .l880E-01 .4200 .8200 .5000E-01 100.0.1000E-01 .2900E-0L .5830 1300E-32 .5000 .1920E-01.1030E-02 1900E+00 .-.000 266.0 2.350 .1870
.8000 12.00.3500 .7000 .2370 1000.

0. .3000 .3000 .3000 .1170 1.000
.14.0E-03 6. .5850E-01 .9110E-33 .1990E-03 .5950E-31



PAGE i 9/Ot./2
MINGLE MUOU

9. 2 3.1
L£ MUL?EL

.+0. -UT IC E&;O.iYSTE)) )1JOEL Sii+N UARO rUN

'TI 4E Y( 2r 1)_ Y( 3r 11 Y1 4r 11 YI 5r 11 Y( br 1) Y( 7, 1) Yi 8, 11 Y( 9, 1) Y( 13, 1) Y( 14r 1)

AA. TE,,, l UME VECTORS 0

0 1.8160 1.+000 2.1770 3.5090 .2o00 .9240 10.4000 122.0000 14t.0000 32.0000

5 1.7934 1.4'339 2.3237 3. E071 .2662 .N5lo 10.7973 122.6444 146.3460 28.6285

10 1.7291 1.5906 2.4742 3.5146 .3i50 .628. 11.0747 122.0357 145.39L.2 25.9953

ii 1.6499 1.6,109 2.62o5 3.5312 .3479 .6304 10.2350 119.5937 142.2067 23.7754

20..._ 1:2723- ?951"-

2i 1.0493 1.9049 2.9190 3.5714 .4160 .7122 6.0357 109.3247 130.3744 20.i237

30 .9693 2.01d3 3.3605 3.5946 .45l6 .9436 9.0202 105.5289 125.2652 19.7561

33 1.0.305 2.13u1 3.1975 3. 6308 .5000 1.0528 10.0*9i 100.3110 119.7113 19.1942

40 1.1723 2.258+ 3.3301 J.E809 .5461 1.2796 11.5895 96.0127 114.17=4 16.3650

1.4273 2.307 3.4609 3.14.3 .59+7 1.5663 13.4061 91.086!, 109.3821 18.7930

50 1.8274 2.5115 3.5671 3.8305 .6459 . 1.0097 15.3739 85.7370 102.1300 1d.3427

i5 2.4026 2.o3li 3.7019 3.9557 .6994 1.720o 17.1724 79.4191 95.+152 18.'4b07

05 2.6135 2.duo 3.0641 4.3431 .6112 .9704 13.423~ 67.2168 20.521.4 19.3563

70 2.4667 2.7751 3.9211 4.6402 .8601 .7765 17.2731 59.9349 71.9045 19.3193

75 1.9999 2.0412 3.9980 4. 9u9b .3,443 .9+97 15.7055 52.0823 63.5191 19.1323

60 2.0301 2..791 3.3018 5.3191 1.0094 1.009+ 16.7602 47.1218 56.64+-1 18.1950

2.0657 2.362+ 3.6170 5.6900 1.0748 1.0229 17.4731 +1.3952 50.3723 18.7537

9o 2.1180 2.2961 3.3~39 6.0588 1.1397 1.0318 17.990.1 36.9920 4+..46?7 1d.5023

95 2.1043 2.2484 3.3287 ti. 424o 1.2044 1.C220 10.5116 32.2749 36.83,"6 13.2743

1D0 2. 0116 _.2 idt-3 -2: t5'ik 1.0030 --- _19,076. _ - 277,5' _ . 334*43!3 - 18.12i1

105 1.5613 2.160. 2.2071 7. 1722 1.3342 .5796 1y.61i4 23.456G 2,4.34C7 18.0414

110 1.6604 1.39,5 1.9159 1.490o 1.3911 .9.30 20.1359 1`3.*'i7 6 23.1,527 17. J200

.._



PAGE 19/06/29. 23.15.46_

tCUSYSTEPI MJCEt. 5TA1(UAR t7 hurl
SINGLE MUDULE MODEL

.

El iE Y_L--_2t _11 Y( 3x11 Yt 9t__i) Y( , i) Y( or i/ Y( lr it Y( Br 1) Y( 9r 1) -y-(--113.q----I').--y ( 14, 1l

115 1.4039 1.3118... 1.u579 7.71u4 1.4390 .6u68 20.1586 15.9726 19.4565 17.6592

120 1.0905 1.7432 1.4504 7.6409 1.Ybb2 .6040 21.4321 12.916.. 15.7830 17.2673

1Z5 - 7397_--_..1. 4TT IS 63._-. 7; 8513.. T:45II2-_--:7332 _.`22:b'J2-L______1D:?90Y

130 .6296 1.5593 1.2827 7.7991 1.4042 .7349 22.1100 7.3515 9.61d2 16.4580

133 .5481 1.+314 1.2211 1.6922 1.3442 .b157 21.9o55 5. b445 b.9172 16.1081

140 .5105 1.4331 1.1737 1.5570 1.2770 .8273 21.0447 3.5773 4.396'% 16.0614

145 .4t99 1.3616 1.1344 7.4074 1.2074 .6301 21.2109 1.5964 1.9774 16.7214

157 .4750 1.2195 1.1019 7.2470 1.1361 .6275 19.i855 .4611 .b050 18.1290

155 .4b23 1.0674 1.0600 7.0704 1.0556 .6265 17.9987 .4656 .62.2 20.1956

160 .4542 .9010 1.0556 6.8657 .9712 .8274 16.4073 .5914 .7915 22.3564

__'___15:iTf2267

170 .44.2 .6351 1.0944 6.5134 .3157 .6249 14.2769 1.5487 1.9546 26.7212

175 .4362 .0199 1.0347 6.3332 .748b .8231 13.5352 2.95b2 3.0267 20.4937

180 .4312 .8023 1.0250 b. 1582 .6077 .8217 12.8965 3.6924 4.4642 29.9497

165 .4221 .7834 1.G114 5.9885 .6320 .6152 12.3339 5.2829 b.2812 30.7513

130 .4044 .7693 1.0102 5.62'3 . 807 .8061 11.8233 7.2126 6.4415 30.7403

195 .3792 .7466 1.0043 5.6653 .5335 .7997 11.3;4+ 9.3696 10.6107 30.0486

200 .3505 .7277 .3397 s.!; 117 .40i8 .7947 10.9201 11.6041 13.2316 28.8517

209.. _..._._.....3199.._..__..__..:7111: %`3987._....._,_5;'3532 - ----:44%35- .7100._. 1(1 :tit 39 .... 2.3:16 9 15.7o7;., :_..27.2936

210 .2004 .o373 .9950 5.2200 .'.i22 .id47 10.1437 15.dZ33 17.7188 25.4538

219 .2593 .6837 .3903 5.C833 .3775 .6~009 i.3 152 17.6.38 19.62 it 23.3866

220 .2533 .6690 .'3933 4.9593 .3402 .8431 9.5264 19.213E 21.2145 21.3933

225 .213) .003. 1.03,3 4.8392 .3173 .0397 3.2313 20.4132 22.'484 19.3122

230 .3105 .6300 1.0090 4.7231 .230, .9254 ').0734 21.2`%97 23.3861 16.997'4

.0116

z...

.7900



PAGE ` 79/Oo/29. 23.15.4b. L CTIC ECUSY,)TEM MULE,. jTAt104,10 tUtl
a1NGLE MODULE MUUEL

TIRE Y( 2' 11 Y( 3. 11 Yl 11Y( 69 1) Y(7+ 1) Y( 8Y 1) Y( 9. 11 YI 13. 11 Y( 14. 1)

235 .3782 .58'1 1.00E3 4.6531 ..2052 .9359 3.8632 21.8877 24.1788 18.5787

240 .4430 .53+2 .9969 4.5992 .2.15 .6179 8.0035 22...09-. 24.9399 19.1349

24.3 ol- 1TJ8.1D.._...:553r

270 .5284 .4413 .3590 4.5099 1 y66 .b267 7.35.3. 23.2269 2b.4715 2 5.1495

215 .5173 .41'+8 .9311 .,.4o..3 .1791 .8131 7.4393 23.3104 27.6145 30.0974

260 .4962 .3381 .9037 4.4121 .1007. .6089 7.0+92 25.1462 29.3410 35.5745

265 .4723 .333+ .9071 4.34+1 .1:33 .80147 6.7280 27.2E59 31.9582 40.4637

270 .4402 .3379 .9263 4.2b22 .1270 .8013 b.4609 30.49..0 35.7090 43.3264

213 .4306 .3934 .9o01 4. 1725 .1124 dd2d 4.2321 34.7017 40.'+800 46.

290 .4767 ..,0tii .9385 4.0831 .1001 1.0198 6.0083 39.5713 45.9504 47.1080

285 :5.J86- 2 0 -1:99Fi8 3:" 4(5 .ll3+3+7 ---1-Yt1"-..-..__5;93-3? --_4.4:9289 --51.1 4 E7 ---47.4909

290 .7951 .34 1.0903 3.9076 1 1.3339 5.9633 >0.1 E1 i 57.6591 48.0248

295 1.0765 .4303 1.1458 3.8223 .0149 1.4099 0.1549 55.2831 63.8219 49.0634

360 1.4143 .5375 1.2065 3.7395 .0711 1.1101 6.3329 60.0583 o9.7171 52.3153

305 1.5330 .5y3 1.274+ 3.6611 .0o97 .8397 6.1739 04.4..4+d 7:.4926 55.6702

319 1.5380 .55+9 1.3543 3.:1353 .0691 .8324 0...770 09.213C ,2.019'3 60.0041

315 1.51J4 .7221 1.+v91 3.5106 .06,1 .8471 6.6799 74.171-39. 0106 6+.4113

320 1.3657 .7951 1.h559 3.4378 .Ob94 .6 442 5.9Ja8 78.6399 95.5509 56. 7965

325 34:4376 60-.9495

330 1.3727 .3519 1.8030 3.3091 .0724 .7745 5.7333 90.0+53 110.7417 63.9933

335 1.1983 1.0474 1.)360 3.2P37 .0752 .7723 5.2177 95.1364 11E.93t1 58.9792

340 1.1447 1.1427 2.0832 3.2023 .C7ab .9303 5.6329 1GO.7691 123.3342 53.2457

345 1.1995 1.2420 2.2430 3.1599 .6,335 .90:69 5.3097 105.33J4 128.7109 46.8894

350 1.2322 1.3+o2 2. ,1 3. 1304 .0106 1.0006 7.J37 0 110.7192 133.15 9 40.795+

.1395T 9733 303.515;



PAGE 79/06/29. 2 3. 15. 40. LQ1IG ECU.Y:iTEM MJUEL STANUA40 RIM
INGLE NW ULE MODEL

TIME Y t 2, 11 Y( 3_ll Y( -4 11 YI 5t 11 Y( 6, it V( 79 11 Y( d, 1) VI 9, 1) V( 13, 1) Y( 14, 11

1.3699 1.4531 2.5935 3.1160 .09'14 .9584 6.6087 113.8085 137.Ub25 35.9b77353

MA,31Et 1isE VECTOKt 360

5

10

-15

1.4265 1.5036 2.7963 3.1175 .1095 .9206 10.4363 116.2576 139.5910 31.'1952

1.-4714 ...1764 3.0036 3.1333 .1212 .9452 il.00b3 116.622~ 139.7204 28.5431

1.5234 1.7.185 3.22G-4 3.1643 .1348 .9083 11.4562 115.7683 138.3893 25.9338

--1-.-5393 ...__,__.1_:92:55-_._-3: 617- 3:21168____-__:IfiDI__
G595 1 7517 _ 27Z.93't__._-_134.831 I '__7.3:7403

1.2032 2.0012 3. 6742 3.2556 .1669 6148 3.7585 107.5873 120.2363 21.7680

25 1.0195 2.2404 3.9054 3.3J67 .1374 .7182 8.7102 1+12.641... 122.2598 20.5113

30 .3552 2.3625 ...1.19 3.3635 .2058 .9494 9.3231 07.861' 116.5341 19.7486

35 1.0307 2.5317 4.3879 3.427b .22(-1 1.0611 11.0511 92.5521 110.2466 19.1897

40 1.1905 2.71b5 4.6..50 3.4934 .2526 1.2331 12.8735 37.0630 103.7900 18.8923

45 1.4703 2.9197 -4 .91 S3 3.57,2 .2793 1.5-4 33 15.0519 91.1544 9b.6b67 18.7914

50 1.9024 3.133'9 5.1940 3.6681 .3084 1.7J51 17.4499 74.6914 89.3076 18.4417

'rt-._------

60 2.8204 3.-5413 5.1240 3.9837 .3722 .9304 21.7332 5'.9112 71.9206 19.1587

65 2.7081 3.bo5 x.9529 4.2452 .4071 .9703 22.6935 51.65'31 b2.1295 19.3561

70 2.4418 3.719 6.1366 4.5507 42 .7165 20.6069 42.6932 51.4493 19.3192

75 2.0261 3.o177 6.2557 ...8764 .4835 .5497 13.1327 33.8?42 40.4015 19.1322

80 2.0947 3 413 00 5.2913 5.2236 .5250 1.0994 20.8401 26.01350 31.5243 18.3350

85 2.1823 3.12 2 6.1722 5.593+ .5663 1.0229 22.3645 18.7231 22.1..343 18.7537

90 2.2434 3.+3..6 5.9315 7.9672 .6134 1.0313 23.1438 11.5253 13.9392 18.5023

95 2.2537 3:46-41--. _..__5:5165 '1.4063 :ocJ4 l.6229-._ 3x25 4:%'.977- _ 5:2161 18:2743

100 2.1703 2.9365 1.1032 6.8320 .7099 1.0030 22.253+ .5609 .7163 18.1231

105 2.0285 2.1111 4.,231) 7.32+J .7595 .9.,796 17.9»62 .5 72C .7146 16.0414

20



PAGE 0 79/01129. 23.19.46. ..OT1 Et:U:iYSTEM iiJOE. .iTANIJAoZil kUi1
;,1+16LE MUUULL 116DEL

TINE Y._.._2.....-_1.).._.r(._.3.+_...1.1).._!LA__._...t_.__.i) Vt_ ?± 1) TI ov 1) Y1 7, 1) V( 5. 1) Y( 99 1) Y1 1 1) Y( 1.. 1)

110 1.8104 1.014o 3.93d2 7.8123 .8073 .5*30 15.1607 .5086 .7149 17.3200

II, 1.5223 1.305. 3.4708 ±S.2U41 .8 30 .8368 13.9467 .5706 .7136 17.0532

..120''
37D.1 _: To 80 17.2879

125 .8333 .913 b3 2.3541 8.5233 .'3341 .735? 11.8442 .6-423 .7931 16.3624

130 .6600 .3106 2.639-4 8.5060 .9524 .7887 11.1713 .7tf77 .9700 16.4580

133 .5637 .85-4u 2.4704 6.4143 .9513 .ei93 10.575-. .9229 1.1348 16.1081

140 .5170 il6d 2.3319 8.2826 .9377 .6229 10.0004 1.0159' 1.2496 16.0614

145 .4914 .7853 2.2114 4.1306 .9158 .E 21l 9.6229 1.0335 1.29b0 16.7214

150 .471#3 .760 3 2.1058 1. 9074 .dd79 .6271 9.2243 1.0452 1.3530 16.1290

175 4091 .7-400 2.0126 7.7813 .d5:> 5 .6273 4.3922 1.1351 1.5123 20.1956

.......16 0 : l3tJ :E5dT9 --___1."1911 . - 2 2.5554

lb5 .4443 .7Ubts 1.8i69 7.4189 .Idly .6291 8.3446 2.040,. 2.6768 24.7472

170 .4391 .0300 1.7317 7.2310 .7423 .6274 4.1139 3.0252 3.8o03 2b. 72.12

115 .4343 .6732 1.7334 7.04-46 .7030 .8254 1.3001 4.3571 5.4?_8b 28.~937

180 .4280 .u»0 1.6827 0.6u07 .0631 .6236 7.6450 6.1191 7.3521 29.4497

ids .4195 .b3t8 1.6373 b.67)9 .6232 E 1b8 1.,.320 8.02e.7 9.b39'. 30.7518

190 .4024 b 1y3 1.5388 1.5023 .5833 .6372 7.2853 10.3677 12.2507 30.7403

195 .3773 .6028 i.5055 o.3297 .e43b .6005 7.1733 12.320'. 15.0490 30.0486

200..._. :3493' is':,-+36C IT 8755 _
28.851.7

205 .319* .57*t 1.5151 5.S3ob .4061 .7'i03 6.6517 18.0335 20.5332 27.2936

210 .2881 .-1032 1.4'371 5.6372 .4292 .7349 6.4307 20.4Cb3 23.1027 25.4138

215 .2543 .i:25 1.4326 5.6841 .3952 .tJ10 b.2638 22.o223 2°_.341` 23.3666

220 .2533 .4D3 1. +717 ,388 .3637 .6432 0.1050 24.4920 27.2499 21.3933

225 .2736 .5275 1.40 .tl >.4u10 .3347 .ti97 5.'1718 25.1d33 25.7720 13.13122

_12;

200



PAiiE 79/Ob/29. 23.15.4b. LOT1kNGLE MuJULE MOLL
W EGuSY,TEM MJV6L STANJ AF;t hJI

T1ME Y( 2r 1) YI 3r 1) Y( 4. 1) Y( fir 11 Y( 6 1) Y( 7r 1) Y( 8 1) Y( 99 1) Y( 13, 1) Y( 149 1)

230 .3165 .5699 1.,565 5.2197 .3076 .525-+ 5.8763 27.1003 29.9848 18.9879

235 .3781 .4710 1.4387 5.1966 .2421 .9359 5.7721 . 27.9603 31.0240 18.5787
_.230.......

2. .5070 .3094 1.3760 5.0621 .23.jy .605 5.4185 29.2362 32.ub68 21.3631

250 .5279 .3544 1.3322 5.0094 .2140 .6290 5.1518 29.7571 33.7956 25.14,15

255 .5168 .3373 1.2611 4.9603 .1938 .8133 4.3080 30.5162 35.0325 30.0974

260 .4957 .3242 1.2380 4.9043 .1746 .0090 4.6154 31.8100 36.'3360 35.5745

2o5 .4719 .3175 1.2237 4.8281 .1502 .6349 4.3395 33.9776 39.5209 40.4637

270 .4458 .3167 1.2373 4.7343 .134E .0015 4.2080 37.2503 43.3351 `+3.9264

215 .4302 .3216 1.2b97 4.6311 .1233 -.8o30 1.0532 41.5035 -+8.1683 46.0570

230 . 1:0203 *iis:Y37'____ 53:0)93 _ ---47s 1030

245 .5960 .3447 1.3505 4.4298 .0993 1.2102 3.9183 51.7327 59.6050 47.-+909

290 .7941 .3718 1.4003 4.3332 .0904 1.3300 4.0073 57.1290 65.7540 48.0243

2-15 1.0762 .4023 1.4569 4.2+01 .0843 1.4143 4.2388 62.327b 71.8030 49.6)34

300, 1.4103 .4.11 1.5204 4.1520 .3912 1.1777 .4.4317 67.193 77.8014 52.3153

305 1.5600 .4373 1.5-119 .070ti .0807 .b404 #.4536 71.541t 83.b672 55.6702

310 1.5347 .5377 1.;771 3.9918 .0611 .8324 4.6980 76.5430 90.354- 60.0041

315 1.5039 .5927 1.7791 3.9137 .0321 .6480 4.8o89 01.6317 97.5197 64.4113

320 1.3992_- - :15!23.-_._.._..1:L3Y 837 4 0836 0452 _4:3403 80:1622-- 244:1582... 60.7965--

325 1.3755 .71b3 2.0194 3.7664 .01353 .8)63 4.47611 92.1047 112.3220 66.9495

330 1.3622 .7443 2.1540 3.7042 .0133 .7762 4.2191 97.3125 119.7083 63.9"333

335 1.1476 .3., u5 2.2955 3.6476 .0937 .7734 3.8165 103.0.4' 12c.0397 58.9792

340 1.1320 .9324 2.4457 3.5452 .0.3,94 .9030 4.1251 103.82b:, 132.7053 53.2457

345 1.18:5 1.0126 2.6112 3.!-528 .1300 .5:34 044J 114.2021 13b.0149 46.8894

_..

320.._

:b!5 ___



PAGE 79/Jb/29 . 23.15.4o. LOTIC, EUUSYa10 MJUEL 4TANUAh1 RUN
SINGLE NUt)ULE MODEL

TIME Y( 2, 1) Y( 3, 1) Y( 4, If Y( 5,1) Y( 69 1) Y( 7, 1) Y( 9, 11 Y( 9, 1) Y( 13, 1) Y( 14

350 1.2660. 1.0944 2.7466 3.!;247 .1156 1.0112 5.2394 .118.6344 143.2427 40.7954

3,5

T 'T

1.3511 1.1791 2.3741 3.5132 .1209 .9702 6.5303 122.8425 147.6656 35.9677

TiAS IMEER

0 1.4102 1.2bti8 J.1742 3.5168 .1400 .9296 7.7807 125.7546 150.7599 31.9952

S 1.4613 1.355 2 3.3835 3. 5399 .1552 .19521 13 .163.) 126.5616 171.4284 28.5431

10.._ .. 1 517T_ 1-:4352 3-: 9911 ... 5 g73T_ :1T26'__. *4933 _ 126 189G...-, -151 $824_-.-._25:') 383

15 1.5281 1.5460 3.8221 3.6240 .1521 .6626 7.9793 123.367C 147.6363 23.7408

20 1.1885 1.o497 4.0401 3.6763 .2137 .t177 6.4025 118.7927 141.4821 21.7680

25 1.0051 1.7596 4.2548 3.7340 .2374 .7199 6.3297 114.3694 136.1262 20.5113

30 . 93 96 1.8768 4.4694 3.7952 .2635 .9536 7.1272 110.2662 131.2178 19.7486

35 1.0130 2.0024 4.6895 3.6643 .2921 1.0732 6.0336 105.7326 125.8573 19.1897

w0 1. 1709 2.1381 4.91.67 3.9414 .3232 1.3116 9.3846 101.1740 120.5134 16.8623

4> 1.4446- 2.2658 5.1542 4.0202 .3561 1.6076 11.0146 96.3402 114.8782 18.7914

.
3-396W-_ ----1211- -:.3910 395 12.8351._.--_491:$943 1084 7769 18-.8417

55 2.5039 2.ie93 1.6299 5.2662 .4279 1.6341 14.5923 65.3073 102.0270 18.9601

60 3.0346 2.1292 1.4438 4.4534 .4600 1.0033 16.3217 79.1271 94.7807 19.1587

65 2. d,55 2.82.7 6.0331 4.7010 .5679 .9704 16.3503 72.ti11b 66.8606 19.3561

70 2.5313 2.8337 6.1733 5.0233 .5515 .7765 15.1400 54.4314 77.8b70 19.3192

75 2.0753 2.7'.23 6.2325 1.3991 .5570 .9497 13.9074 57.3695 68.9737 19.1322

80 2.1143 2.6195 6.1933 5.7726 .6443 1.0194 15.0269 51.1470 61.5304 18.9950

85 2.1797 2.553 6.0111 6.1610 t,930 1.0229 15.3356 45.3427 54.5531 18.7537
90.

21ti,rt_,1.

- 47013----_----b: tl5 7-_ 7428...._. 1-rt 31-8. _- 16 5461 39:7331 4748049_ 135023

95 2.2175 2.521 5.2753 7.0731 .7536 i.C220 17.3633 34.1635 41.1291 19.2743

loo 2.1311 2. 472 4.7553 7.:0'34 .b457 1.00.10 19.3078 26.o308 34.5090 16.1231

1)

.2:2221



PAGE 79/06/29. 23.15.46. LOTIG ECOSYjTEA MJLEL STANJARti kUtlOSINGLE MODULE MODEL

TIME Y( 2s 1) Yl 33__ Y( 4r it Y( 5, 1) Y( 6s-_1) Y( 7, 1! Y( at 1) Y( 9. 11 Y( 13, 11 Y( 14, 1)

105 1.9814 2.5234 ,.1652 ... 8.090C .8979 .9796 19.3780 23.1831 28.0170 18.0414

110 1.7726 2.4001 3.6056 8.E085 -.9,84 .9,30 20.5549 17.9346 21.7659 17.9200

115 13:U421___-15.90'3T" 6592......_......_._

120 1.1507 2.2200 2.8381 9.3278 1.0428 .8040 23.1237 8.b236 10.5605 17.2679

125 .8161 2.0621 2.5662 9.5132 1.0823 .7852 24.1590 4.121b 5.7984 16.8624

130 .6345 1.9024 2.3213 9.5936 1 . I I C 1 .7929 24.5659 1.3175 1.6207 16.4580

135 .5413 1.4370 2.1237 9.5704 1.1305 .6167 22.3127 .5349 .6577 1(1 .1081

140 .5022 1.1210 1.984, 9.4.96 1.1069 .8307 19.7363 .5123 .6310 16.0614

145 .4931 .9486 1.87.84 9.2701 1.0b85 _.8338 17.5600 .4808 .6080 16.7214

150 .4712 .d350 1.7948 9.0701 1.fl184 .8302 15.6385 .5732 .7508 18.1290

155 __ `- _ -" "
:45Q9 :T6ts3 T: 72 ST 3: fis3 :9630- TTod------_ 1:03D2 2D.1956

160 .4502 .7343 1.6670 9.6331 .9058 .6294 12.7744 1.0940 1.4653 22.5564

165 .4448 .7180 1.6157 8.4080 .8492 .6289 11.7926 1.6907 2.2127 24.7472

170 .4402 .71120 1.-5703 8.1833 .7942 .8271 10.9770 2.6473 3.3683 26.7212

175 .4349 .6850 1.5301 1.9616 .7411 .6251 10.2119 3.9503 4.9084 28.4937

180 .4285 .8o71 1.4947 7.7440 .6900 .8233 9.7071 5.5821 E.8031 29.9497

185 .4200 .5492 1.4637 7.5309 .040b .8165 9.1986 7.5626 9.0614 30.7518

190 .4025 .6320 1.4370 7.322'4 .5934 .6070 8.74.7 9.8713 11.6435 30.7403

195 3762 0 151 7:1202 :rt893 __._...8:3336__..__.12:3942 _._._.14-:4t?6 _30.0486 -

200 .3493 .6006 1.3359 6.9232 .5039 .7951 7.9501 14.9806 17.2100 28.8517

205 .3195 .5873 1.3799 6.7319 .4635 .7902 7.6208 17.4990 19.8997 27.2936

210 .21182 .5704 1.3667 6.5466 .42b0 .7349 7.3135 19.8548 22.3837 25.4538

215 .2596 .50,2 1.3564 6.3687 .3915 .8010 7.0393 21.9863 24.5995 23.3866

220 .253 .5520 1.3492 6.19'97 .3596 .8432 6.8091 23.8338 26.4874 21.3933



6PAGE 9 79/06/29. 23.15.46. LOTIC ECOSYSTEM MJOEL STANUARO RUN
SINGE MUUULE 4UOEL

TIME Y.t_.--2,.__1.l_._Y-(__33__.._il Al 2__1L-1 1) Y1 6, 11 Y( 7, 11 Y( 8r 1 Y 9r 1) Y1 13, i) Y 14. 1

225 .2736 .5393 . 1.3415 6.0392 .3305 .8897 6.6216 25.3051 27.9975 19.9122

230 .3165 .5200 1.3403 5.8960 .3034 9254 - 6.4703 26.4041 29.1919 18.9879

- '- -235 :378x :yS53 I:J2"6I'- _9:r8iS :21T1 _ .4359 _-_6:3254 7T:2S55° 3C:223T---- __.

240 .4477 .4412 1.3033 5.6911 .2539 .9181 6.1416 27.9618 31.1674 19.1349

245 .5069 .39b6 1.2724 5.6145 .2312 .8726 5.8969 28.5077 32.0408 21.3631

250 .5279 .3650 1.2339 5.5408 .2099 .8290 5.9932 29.0252 32.9666 25.1485

255 .5166 .3435 1.1884 5.4110 .1899 .8133 5.2852 29.7832 34.2024 30.0974

260 .4955 .3301 1.1504 5.3954 .1708 .8091 4.9361 31.0773 36.0059 35.5745

265 .4717 .3232 1.1390 5.3017 .1526 .8049 4.7586 33.2459 38.6913 40.4637

270 .4456 .3224 1.1535 5.1924 .1356 .8015 4.5395 36.5196 42.5061 43.9264

275 ,..._3 -;4 00 :3273 d57 .47:3441 46.0570

280 .4760 .331) -1.2229 4.9545 .1074 1.0205 4.2+,12 45.690b 52.8717 47.1090

285 .5958 .3547 1.2654 4.8469 .0966 1.2107 4.2241 51.063:' 58.6365 47.4909

290 .7937 .3761 1.3142 4.737b .0877 1.3869 4.3003 56.3990 b4.9245 48.0243

295 1.0759 .4091 1.3694 4.6324 .0814 1.4159 4.5226 61.59.8 70.9763 49.6634

300 1.4110 .4485 1.4310 4.5325 .0780 1.1796 4.7529 66.4501 76.9672 52.3153

305 1.5892 .. 3 1.5001 -#.4399 .0771 .8.405 4.7038 70.9013 82.8318 55.6702

310 1.535! .54&5 1.5820 4.3507 .0771 .6324 4.1)51) 75.803G 89.5115 60.0041
315.. :DTTg .$471-. : 1227 .4)0:6!!5'1 _-96:fsbtiT___---.644113__

320 1.3564 .6627 1.7907 #.176) .0765 .8'452 4.5206 65.4166 103.3077 66.7963

325 1.3755 .7276 1.9106 4.0966 .0301 .8)63 4.6952 91.3558 111.4630 66.9'+95

330 1.3622 .79ob 2.0400 0255 uo28 .11762 9.-4185 97.0633 118.8461 63.9933

335 1.1876 .8698 2.1763 3.9602 .0863 .7 134 3.9354 102.2971 125.1763 58. )792

340 1. 1321 . 4474 2.3224 3.8'332 .0905 .9330 4.3134 106.0705 131.8306 53.2457

-

1.5!`42-__



PAGE 0 79/06/29. 23.15.46. LUT1C ECOSYilEM MJUEi. STANUahu NUA
SINGLE MODULE MODEL

Yt 2, 11 Y( 3, 1) Yt y, 11 YI 59 1) Y( 6, 1) Y( 7, 11 Y( 8, 11 Y( 9, 11 Y( 139 11 Y( 14, 1)

1.1651 1.0283 2.4812 3.8445 .09L3 .5733 4.8481 113.434? 137.7227 +6.d894

350 1.2681 1.1116 2.6500 3.8125 .1045 1.G110 7.4623 117.8511 142.3304 40.7954

---355--- ._._.__..._ -___.8:8024 *2P:0330..._-_145:1231- ...._35.9677

MASTER TIME VECTOkt 1030

0 1.4154 1. 28.23.0207 3.7931 .12o1 .9298 8.0996 124.3217 149.7857 31.9952

TIME

345



79/Oo/29. 23.15.46.

.OF YEAR TSP:,Ni..._ _ 1..__. 360

MEAN

so

MAX

PrtaUUCTIUN

TURNUVER

L0T1;, ECOSY1EM MOUE. STANOAKJ RUIA

t;RAlER---"StiRE07ER-"C33LLECTt:t._ I3 V-PREO`-lRT-PKET-PER1PHTT.t fPUM --StPON-__ -Cf:POM_____ tt,Ui.__.

1.016 1.282 1.d50
.692 .T43 .999

2.996 2.810 3.922

.562
.452
1.466

4. 554
1.478
7-864

12.014 47.612 9.042 28.850
5.369 39.265 d.074 14.Ob5

22.118 122.666 24.000 63.911

3.300 6.36i 9.017 1.111 ..067 o0.50.

3.122 5.428 ..906 1.977 .821 65.046

UZIFf
ASSI,M=ItiPUT . _ 28.527-_---- 43;8 - SD:333yT _i:1YTiT" 7:181 fII:tt'- 4TQ:33eT3:duJ__

RESPIKATIUN

PREU/L05SL5
dY Vr(T-PRO
dY LNV-PrtU_

EAPURI
EMERGENCE

23.4b7 36.684 41.306
3.114 4.332 5.762
1.733 2.294 3.11311
1:382 2:D 3II 2:5Y3 _-_

.635 2.465 2.096

6. 968
8u1 TOM

3.903 0.066 9.9b9 137.660 109.2b5

.1386 4d.77o 239.919 299.939

4.459 10.486 93.171 71.059
-.375 1.245

JAM

XRESPIRATLUN t6.% 84.% d3.% 75.% b4.% 14.% 29.1 23.%

%PREJ/LUSOES li.% 10.'/. 12.X id.- % 69.Y. 51.5: 62.Y
XEXPUKT/EMERGE 2.X 6.X 5.X 7.4 36.X 17.X 20.% 15.%

EMERGE -,tAT@ -;00-166 - :ooes .b039

BUDGET INPUTS OUTPUT'S 3ALANGE 0000000
PRIMARY PRUJ 70.412
ALLUCMT'HONUUS 479.681
R'ESPI4Ai1UN 370.241

1.095
.692

3.503

TJTAL 550.353 550.833__ NET, __ -x.479

.216
1.649
.322



0
79/0o/29. 23.15.46. LUTIC EGJaYaTEM MJOEL STANDAKU kU:

JI YEAR PAN1-- Z- _ 360."_GRAZER- SHr;EDDf2GOLZEGT'LTi ""ZT7V=PrZEJ'"=PiT=7fiETPLZTPFiYtN___.____FPM' CiL`POM"_.__.tFCPOM -SLPUi'1_..ftPOM

ME

SJ

MAX

"MIN"

PR000CTIU14

TJRNUVER

ASSIM-INPUT

1.077 1.315 2.792

.696 1.090 1.,80
2.833 3.719 b.207

2..9'x7 y.i8y 12.o'+8
2.735 4.246 4.529

.397 y.2b6 .927 9.674 45.b35 9.5 j6 2b.846 1.096

.290 1.069 .194 5.8o3 40.363 9.332 14.066 .692
.354 8.531 1.705 2'..902 125.273 24.9t 8 b3.911 3.503

DSI ._._.15 312..._.- ._._._._ 3.83

.725 5.159 00. 09i
1.82o .976 64.797

DR21FT26.615__.._42:127 7T T.3^_ 3: fl B:9i- 7Q
8. 02b

BUT 13.1

23.608 36.542 o4.4'7 2.bhti 8.740 9.931 108.344i(ESPIRATIuN

PhtEJ/LOSSES
3Y VRT-Pk0
3r - INV-PRU ..

EXPORT
EMERGENGE

%RESPIRAT L tv

%PREU/LUS..ES

%EXe0.' T/EMLrdGE

EFERGE-RATE "

BLOGET

2.247 3.188 7.574 .4431.611 2.218 i.060
:675 ---- -__.._; 7 70" "7.323

.671 2.694 +.b96

89./. 86.% d4.%

9.% 9.% 10.%

309 6.% b.$-_

4d .3y1 367.305

105.711

269.503

M Uk
4. 7t 10.-462 49.397 67. *o7

.251 1.235
OOM

7.;G 35.X 17.%

0016`0. ___:.IOo'F,3"' aD334--_ . 0-02U4-__...._

INPUTS UUT3Uf3 JALANCE .0000UJJ
70.024

vd0.726
3b0-1t 1

5;0.754 541.781 NET 4.974

PRIMA.3Y Pn:OJ
ALLUCNfNUNUUS
RESPIRATICN
EAPURT/EME:RSE

TOTALS

19.% 23.%

b5.% 63.%

16.% 15.2

14.%



79/06/29. 23.15.46. LUTIC EC03Y:iTEM MOUEL STANUARU nUa

or YEAR TPAN
T

__.... 3E0 --GRAZER RtE00E . i:17LC ECTUR" 14V=PREO T11K1 PREII-P £R: P1iTTTi_...-._.____.YYOM CSCPU I LP CF+OM _1t1}OM _`_._._FttJ`t -__--._.

MEAN 1.077 1.230 2.710. .449. x.889 .336 10.164 51.313 9.715 28.646 1.096

SO .703 .841 1.b49 .339 1.965 .216 5.i2b 41.302 J.519 14.0t-6 .692

MAX 3.035 2.542 6.235 1.131 9.600 1.860 24.582 126.643 25.005 63.911. 3.508
YIN.. .322 :D7T'_""'._3:fiI9

PRJDUCTi'N 3.283
TURNOVEii 3.047

6.303 12.62o .946

5.126 +.bb0 2.123

-ASSIy°INPUT

3.015
.675

- T4:200 -3: 3GG*- B; i0
9. 2.41

buTTJM

RESPIRATIuN 23.0+3 35.257 61.572

PREO/LOJIS1S 2.622 3.917 8.362
Si VV-PAD 1.830 2.601 3. 0.4 0

_ 9Y INV=PRD'_ :793 - '1:3YG 7:722

.EAPORT
EMERGENCE .661 2.368 4.419-

%RESPLRATIUN 68.Y.. 85.% 33.X
%PREJ/LUijLS 10.% 9.Z 11.Z
7,EXPORI/EME{GE 2.Z 6.)G 0.%

EMERGE' RA?E""'" DD1 G-- : i7 6 .II031) i

9UJGET INPUTS 7UTPi1TS

PRIMARY Pi0) 70.d10
ALLuCHTHONJUS 4dD.948
(ESPIrATIUN 314.761

TOTALS !t;1.757 552.288

.284

5. v/*
.9+7

UrU F T

9.771

60.798
6+.974

70:S21T 'S4H:-7Y3-iT3:tits

10.012 116.6L2 i1..834
48.950 353.333 285.608

10.590
1.251

U0M

78.2b5 74.381

76.%

it.% 69.7.

7.X.. 35. G 17.Z

BALANCE .000JM

VVf ff Z-1dE 125
NET -.53 1,

21.% 24.%

64.% 60.y..

14.% 16.Z

_.. ;253_--

_



1331.0 10.1.5 1051.9 1052.-. 1072.9 1063.3
1093.8 1104.3 1114.7 1125.2 1135.7 1140.1
1156.6 1167.1 117/.i 1138.0 12'5.9 1303.9....___.

1361.8 1419.1 1477.7 t535.0 1593.5 1651.5
1109.4 1767.3 1625.3

._
-__ 1383.1 19x1.1 199-1.1-2037;0 2013;9 136D1 -IYD T-'131i6:T'-

1828.6 1790.5 1752.5 171..... 167o.3 1633.31,00.2 1562.1 . 1524.1 148b.0 1401.9 1317.7.
1233.6 1149.5 106y.3 981.2 .97.1 612.9
728.8 u4...7 560.5 476.4 392.3 308. 1
224.0 2220.5 216.9
202.4 199.3 195.7

213.4 209.9 206.3
185.1132.2 158.7

181.6 173.1 174.5 171.0 103.7 lud.5167 '2_.__165:5 IE; 7 03:-y. ._._.162:1 -I6-n; ----
159.6 158.3 157.1 115.6 14.5 - 153.3
152.0 146.4 144.8 141.2 137.6 134.6
130.4 126.6 123.2 113.6 110.0 112.4106.8 100.2 101.6 93.3 103.4 104.9
114.2 11-1.6 125.0 130.' 135.3 141. 2
l..b.o 152.0 157.4 16Z.d 173 6179.0 174.5 170.t 16.4 162.2

.
153.8 149 .6 ..------145: 4 142:2" 32:F
128.b 124.4 120.2 116.0 14d.9 id1.4
214.8 247.7 280.7 313.o 346.7 379.5_.
412.' 445.3 473.3 511.2 544.1 571.1
610.0 630.1 06b.1 694.2 722.3 750.3
733.4 bOb.5 834.5 862.6 890.7 918.7
94o.d 974.9 1002.9 b89.0 898.5 907.9
917.4 925.9 930.3 945.6 95i.3 964.7574:2 933:7 _ _ 993 i 7IIII2:tr__24i2:1 --7HZT_h ___

.019 .604 .004 .004 .002 .003

.004 .002 .011 .035 .003 .1335

.914 .00.. .004 .904 .002 .003

.004 .002 .011 .035 .003 .005

.014 .00. .004 .00. .002 .603

.004 .002 .011 .035 0003 .005
11.200 o.200 6.020 7 .8..0 5.660 :.4d05:300 ___5.300 ___-_-if:EDO" 74:OOD-T3:Sfi TO:ZDII"- __

9.200 3 .d00 125.500 113.333 98.000 71.333
51.167 31.000 26.590 25.!;P0U 26.000 44.50063.000 29.000 19.000 1...00 15.542 16.583
17.b25 18.667 19.703 20.7,0 12.500 11.97,
11.4x0 10.925 10.400 4.760 9.120 8.4801.3.0 7.200 8.300 7.350 o.'.00 7.b03
7.600 7.400 7.200 7.000 8.383 9.767

11:250 1il:000 9:IIII0 3T 2s"'-"T: Z12
6.700 8.200 21.667 1ti .500 12.600 12.400

Z5.Oi0 37.700 50.350 63.000 88.i3d.._ 52. OOG
31.500 25.000 17.500 14.250 11.000 10.762
10.224 10.286 1G.048 9.610 9.573 9.335
9.097 8.859 8.o21 6.383 8.145 70907
7.66'-1 7.431 7.194 b. iy6 6.718 6.480
0.242 5.00. 5.766 ,.528 5.291 5.0524:81' f:576 : 339 _. _:-101 -3:483._. ___.-...3:ts29-r-
3.387 3.1.9 2.911 2.673 2.435 2.197
1.953 1.722 1.48' 1.246 10009
0770 .770 .776 .770 .770 .170
.770 .770 .770 .170 .770 .770
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Plots of State Variables.

The next four pages illustrate line-printer plots of selected

variables of interest, namely state variables associated with six

biological processes, and illumination intensity, allochthonous input,

and concentrations of nutrients (N0-), FPOM, and conditioned detritus.

Each variable is designated on the first page with its plot symbol,

plot scale, and appropriate FLEX I.D. The plot duration corresponds

to three years. The trajectories of state variables for six biological

processes (grazing, shredding, collecting, invertebrate predation,

vertebrate predation, and periphyton processes) are drawn for year 3

to illustrate system dynamics at a near steady state.
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Plots of Specific Growth Rates

The next four pages show line-printer plots of the specific growth

rates defined on pages 5 - 8 of Internal Report 165. Patterns for

processes of grazing and shredding are drawn to illustrate the interpre-

tative value of such information. The large difference between g0 and

gl in the plot for grazing indicates resource limitation, while the plot

for shredding suggests that this process is regulated more by emergence

and predation than by resource supply.
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OATE* 17/06/29. TIME1 23.15.'.6. PAGE1 1

NAME SY,I'JOL FLEA 13 .4 AXIMUA liI1iMU1 SCALE
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