
Appendix A: Simulation detailsThe multi-speies Droop model (given by eqns 3, 4, 5) ontains a large number of parameters and, hene,has many degrees of freedom: the maximum growth rates ri and the mortality rates mi of the n speies; theminimum subsistene quotas qji; the maximum uptake rates vji and the half saturation onstants for uptake
Kji; the �ow rate D and the resoure supply rates Sj . It an be shown analytially (Revilla and Weissing,submitted) that the dynamis of the Droop model depends ruially on the ranking of the speies with respetto resoure requirements R∗

ji and onsumption patterns f̂ji at equilibrium (see Table 1). For this reason wewanted to onsider di�erent senarios regarding resoure requirements and onsumption. To this end, we startedby imposing a ertain sign pattern of the R∗

ji values and on the matrix f̂ji = fji(R̂j) as in Table 1. To ahievesuh patterns the model parameters were hosen by a �reverse engineering� approah along the lines indiatedbelow:1. We set the �ow rate D, maximum growth rates ri and the mortality rates mi. In most simulations, all riwere equal: ri = r and all mortality rates were set equal to D (see the text for a motivation).2. Resoure requirements were randomly hosen from an interval (R∗

low, R∗

high) and arranged to form a matrix
R∗

ji with the struture depited in Table 1. Subsequently, the resoure levels at equilibrium are set by
R̂j = R∗

jj .3. Consumption rates at equilibrium were randomly hosen from an interval (f̂low, f̂high) and arranged togive a f̂ji matrix with a given hierarhy as in Table 1.4. The half saturation onstants Kji were hosen at random, with the sole restrition that Kji > 0.5. The maximum uptake rates vji were determined from eqn (5): vji = (1 + Kji/R̂j)f̂ji where R̂j = R∗

jj .Notie that this results in a positive orrelation between the parameters vji and Kji, leading to resoureuptake funtions fji(Rj) that tend to interset as in Fig. 7.6. Internal resoure requirements are obtained from (7) as Q∗

ji = vjiR
∗

ji/mi(Kji + R∗

ji).7. The minimum subsistene quotas are now obtained from (6) as qji = (1 − mi/ri)Q
∗

ji.8. Positive equilibrium densities N̂i were hosen at random.9. The supply rates Sj were obtained by setting the right-hand side of eqn (3) equal to zero: Sj = R̂j +

(1/D)
∑

f̂jiN̂j .The alternative approah of starting by hoosing all parameters at random has two disadvantages. First,many ombinations would result in a system without ommunity equilibrium or a system where the ommunityequilibrium is not attainable. In our approah steps 2, 8 and 9 guarantee that a ommunity equilibrium existsand that the supply point fall inside the wedge in Fig. 1B, implying that the ommunity equilibrium ab bereahed. Seond, and more importantly, the huge number ((k!)2k) of qualitatively di�erent on�gurations ofresoure requirements and onsumption patterns implies that any new set of parameter ombinations would leadto a system falling into a new ategory. Aordingly an astronomi number of simulations would be required inorder to draw any general onlusion on the system dynamis.The system was initialized at the ommunity equilibrium plus a random perturbation on the resoures, i.e.
Ni(0) = N̂i, Qji(0) = Q̂ji, Rj(0) = R̂j + εj . For eah senario, we repliated the above proedure 10000 to50000 times, and we performed the orresponding numerial integration for t = 10000 to 50000 days.Numerial integration was performed in the C programming language using the 4th order Runge-Kuttasolver from the GNU Sienti� Library (GSL) http://www.gnu.org/software/gsl/. Eah time unit of the1



simulation (day) is frationed into 1000 time steps by default unless adaptive step size ontrol takes plae withabsolute error tolerane of 10−6. The minimum operator of (4) is evaluated for eah single time step. We hekedthe robustness of the numerial proedure by rerunning a large number of simulations with di�erent time stepsand error toleranes, and by replaing the minimum operator in (2) and (4) by a di�erentiable funtion.Appendix B: Parameter valuesParameter values are listed in the following order:1. Flow rate (D), maximum growth rate (r) and resoure supplies (Sj).2. The parameters Kji, vji and qji are given by three matriesK, V andQ, where the rows indiate resouresand olumns indiate speies.3. Initial onditions for the speies densities. If the speies is a late invader, the time of invasion is plaedbetween parentheses.Figure 2:
D = 0.50, r = 1, S1 = S2 = S3 = 10A B C D0.47 0.66 0.73 0.43 0.21 0.24 0.43 0.21 0.24 0.47 0.75 0.84K 0.41 0.78 0.21 0.29 0.52 0.25 0.29 0.52 0.25 0.10 0.56 0.510.16 0.82 0.16 0.41 0.31 0.46 0.41 0.31 0.46 0.54 0.43 0.212.17 2.09 1.43 1.88 1.57 2.28 1.76 2.25 1.71 1.28 2.45 2.24V 1.24 2.48 1.68 2.34 1.96 1.61 1.75 1.83 2.29 1.59 1.33 2.211.64 1.48 1.86 1.74 2.37 1.91 2.49 1.78 1.78 2.24 1.88 1.121.70 1.45 0.83 1.50 1.38 1.84 1.40 1.97 1.38 1.00 1.63 1.22Q 0.88 1.71 1.48 1.82 1.50 1.38 1.36 1.40 1.97 1.44 1.00 1.651.48 0.81 1.70 1.36 1.80 1.50 1.95 1.35 1.40 1.65 1.32 1.00Initial onditions: A: N1 = 2, N2(t = 500) = 0.1, N3(t = 2500) = 0.1; B: N1 = 0.8, N2 = 0.8, N3 = 1.2; C:
N1 = 0.1, N2 = 0.1, N3 = 0.1; D: N1 = 0.1, N2 = 0.11, N3 = 0.12Figure 3:
D = 0.5, r = 1, S1 = S2 = S3 = 10The �rst olumn orresponds to a Droop model with speies parameters:K V Q0.96 0.28 0.96 2.21 2.22 2.35 1.40 1.88 1.201.07 0.72 0.32 2.44 2.00 2.49 1.18 1.40 2.040.60 0.84 0.86 2.71 2.25 2.11 1.93 1.21 1.40The seond olumn orresponds to a Monod model that results in the same ommunity equilibrium as the Droopmodel (N̂i, Q̂ji = cji, R̂j): H C1.67 1.58 1.00 2.80 3.80 3.001.01 1.69 1.44 2.98 2.80 4.201.48 0.97 1.70 4.00 3.00 2.802



Initial onditions: are set equal to the speies equilibrium values N1 = 1.03, N2 = 0.99, N3 = 1.00 in both ases.Figure 4:
D = 0.25, r = 1, S1 = 8, S2 = 12, S3 = 14, S4 = 9, S5 = 10K V Q1.51 1.50 1.80 0.50 1.60 1.52 1.50 2.80 1.50 1.50 0.51 0.47 0.86 0.38 0.301.60 1.51 1.50 1.70 0.50 1.50 1.52 1.50 2.80 1.50 0.30 0.51 0.47 0.86 0.380.50 1.60 1.50 1.50 1.71 1.50 1.50 1.53 1.50 2.80 0.38 0.30 0.51 0.47 0.861.70 0.50 1.60 1.51 1.50 2.80 1.50 1.50 1.51 1.50 0.86 0.38 0.30 0.50 0.471.50 1.70 0.50 1.60 1.51 1.50 2.80 1.50 1.50 1.51 0.47 0.86 0.38 0.30 0.50Initial onditions: N1 = 0.1, N2 = 0.11, N3 = 0.12, N4 = 0.13, N5 = 0.14Figure 5:
D = 0.25, r = 1, S1 = 8, S2 = 12, S3 = 14, S4 = 9, S5 = 10K V Q1.51 1.50 1.80 0.50 1.60 1.38 1.36 2.55 1.36 1.36 0.51 0.47 0.86 0.38 0.301.60 1.51 1.51 1.70 0.50 1.36 1.38 1.36 2.55 1.36 0.30 0.51 0.47 0.86 0.380.50 1.60 1.50 1.15 1.71 1.36 1.36 1.39 1.36 2.55 0.38 0.30 0.51 0.47 0.861.70 0.50 1.60 1.51 1.50 2.55 1.36 1.36 1.37 1.36 0.86 0.38 0.30 0.50 0.471.50 1.70 0.50 1.60 1.51 1.36 2.55 1.36 1.36 1.37 0.47 0.86 0.38 0.30 0.50Initial onditions: N1 = N2 = N3 = N4 = 1 but in A: N5 = 0.9; B: N5 = 1.5; C: N5 = 1.8Figure 6:
D = 0.25, r = 1, S1 = 6, S2 = 10, S3 = 14A B C: insert i=5 in B(*)0.11 0.02 0.08 0.15 0.22 0.26 0.24 0.07 0.05 0.06K 0.05 0.13 0.08 0.04 0.25 0.33 0.23 0.10 0.01 0.120.07 0.01 0.13 0.16 0.26 0.01 0.10 0.35 0.04 0.060.21 0.30 0.20 0.57 0.26 0.49 0.27 0.48 0.09 0.14V 0.37 0.44 0.49 0.45 0.56 0.63 0.67 0.52 0.71 0.270.67 0.41 0.56 0.95 0.98 0.42 0.51 1.26 0.63 0.280.48 0.83 0.33 1.20 0.47 0.79 0.24 1.20 0.23 0.28Q 0.73 0.95 1.17 1.14 0.47 0.95 1.14 1.09 2.01 0.601.65 1.14 1.20 1.39 1.55 1.10 1.18 1.16 1.68 0.56Initial onditions: A: N1 = 0.1, N2 = 0.11, N3 = 0.12, N4(6000) = 0.1; B: N1 = 0.1, N2 = 0.11, N3 = 0.12, N4 =
0.13, N5 = 0.14; C: N1 = 0.1, N2 = 0.11, N3 = 0.12, N4 = 0.13, N5 = 0.14, N6(5000) = 0.1 (*: Take the matriesin B, opy the 5th olumn to the 6th, and substitute the 5th).SupplementFile list

• sanning.tar.gz - Compressed arhive with the C soure ode �les
• README - Instrutions for ompilation and use 3



Desription This program 'xsanning' performs a given number of numerial integrations for the multispeiesDroop model. The simulation parameters are desribed in the header.h �le, and an be modi�ed there.These parameters inlude: BAND : the dominant band of the R-star matrix MAX : the number ofspeies(=resoures) RRANGE: the range from whih the R-star values are hosen FRANGE: the rangefrom whih the F-hat values are hosen RUNS : the number of runs TIME : the number of days perrun The program takes are of the generation of V, K and Q matries aording to the rules desribedin Appendix A. The soure ode is written in ANSI-C and makes use of the GNU Sienti� Libraryfor numerial integration of ordinary di�erential equations http://www.gnu.org/software/gsl/. Moredetails in the README �le.
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