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Appendix S1 Taxonomy and detailed distribution of Trichoptera in the lakes studied.

For larvae determination, Tachet er al. (2010) was used as a starting reference,
complemented with other general references of the Palearctic (Lepneva, 1964, 1966;
Edington & Hildrew, 1981; Moretti, 1983; Wallace et al., 1990; Camargo & Garcia de
Jalon, 1998). More specialised taxonomical studies were also used for
Polycentropodidae (Edington, 1964; Wallace & Wallace, 1983; Vieira-Lanero et al.,
2003a,b), Limnephilidae (Décamps, 1961; Décamps & Pujol, 1975; Szczesny, 1978;
Higler & Solem, 1986; Sipahiler, 1998), Leptoceridae (MacDonald, 1950; Wallace,
1981), and Uenoidae (Giudicelli, 1971). Trichoptera pupae were also considered, and
determined following Malicky (1983) when sufficiently mature.

Not all individuals could be determined to the species level. Hence, some words
of caution are necessary concerning Plectrocnemia, Annitella and Drusus species
assignments. Among Plectrocnemia, we always found P. laetabilis McLachlan when
the determination was possible (10 lakes), but there were samples in which only larval
individuals in an early stage of maturation were present, these cases are indicated in the
table below. For Annitella, we only collected larval individuals, and all of them matched
the description of Décamps (1961) for 4. pyrenaea (Navas), a widespread species in the
Pyrenees (Décamps, 1967a; Sipahiler, 1998) and, up to present, the only species of the
genus ever cited in these lakes (Décamps, 1967a,b, 1968; Capblancq & Laville, 1983),
although A. obscurata (McLachlan) has been cited in stream habitats in the central
Pyrenees (Décamps, 1967b, 1968; Bautista, 1980). All the specimens of Drusus were
also in a larval stage. They matched the description of D. rectus McLachlan larval stage
found within the taxonomic references used. D. marinettae Sipahiler, with unknown

larva, has been described from the eastern Pyrenees (Sipahiler, 1992).
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In the next table, the detailed distribution of the Trichoptera taxa found is shown
for all those lakes where at least one individual has been collected (n = 63). Lakes are
arranged by increasing longitude values. Abbreviations are as follows: Lat, Latitude N
(°); Lon, Longitude E (°); Alt, Altitude (m a.s.l.); Ple, Plectrocnemia;, Pol,
Polycentropus flavomaculatus (Pictet); Agr, Agrypmia; Dru, Drusus cf. rectus
McLachlan; Lim, Limnephilus; Pot, Potamophylax latipennis (Curtis); Ann, Annitella cf.
pyrenaea (Navas); Thr, Thremma gallicum McLachlan; Ath, Athripsodes aterrimus
(Stephens); Mys, Mystacides azurea (Linnaeus); ind, indeterminate (i.e. not determined
to genus level). Asterisks indicate those samples in which either Plectrocnemia or
Limnephilus individuals were determined to species level: *, Plectrocnemia laetabilis
McLachlan determined; **, Limnephilus guadarramicus Schmid determined.

Trichoptera numbers refer to as abundance of individuals found.
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Lake Lat Lon Alt Ple Pol Agr Dru  Lim _ Pot Ann__ Thr __Ath Mys ind
Acherito 42881 -0706 1875 O 2 0 0 0 1 0 0 0 0 0
Ormiélas 42884 -0356 1974 O 1 0 0 0 0 0 0 0 0 0
Asnos 42692 -0266 2060 O 0 1 0 0 0 0 0 0 0 0
Pondiellos Superior ~ 42.777 -0.263 2745 0 0 0 0 0 0 0 0 0 0 1
Arnales 42775 -0242 2305 3 0 0 0 0 0 12 0 0 0 1
Arratille 42802 -0174 2247 O 0 0 0 2%* 0 1 2 0 0 0
Estom 42808 -0.099 1804 O 0 0 0 0 0 1 1 0 0 0
Glacé 42778 -0.088 2571 0 0 0 4 0 0 0 0 0 0 0
Helado de Marboré 42697 0.041 2592 0 0 0 0 0 0 1 0 0 0 0
Tourrat 42810 0100 2636 O 0 0 2 0 0 0 0 0 0 0
La Munia Superior 42706  0.125 2537 0 0 0 8 0 0 0 0 0 0 0
Barroude Inferior 42.733 0145 2377 0 0 0 0 0 0 2 0 0 0 0
Les Laquettes 1 42836 0.148 2085 0 1 0 0 0 0 0 0 0 0 0
Port-Bielh 42874 0188 2290 O 45 0 0 0 0 0 0 0 0 0
La Mora 42545 0328 1908 O 0 0 0 0 0 21 0 0 0 0
Pix6n 42637 0380 2199 O 3 0 0 0 0 3 0 0 0 0
Bachimala Superior 42704  0.387 2630 0 0 0 2 0 0 0 0 0 0 0
Chelau Superior 42624 0407 2805 O 0 0 0 0 0 0 0 0 0 1
Posets 42647 0449 2550 O 0 0 0 0 0 7 0 0 0 0
Eriste 42646 0468 2411 0 0 0 0 0 0 84 0 0 0 0
Cregiiefia 42639 0625 2640 O 0 0 1 0 0 29 0 0 0 0
Coronas 42630 0638 2740 O 0 0 9 0 0 15 0 0 0 1
Llosas 42618 0.655 2480 17 0 0 0 0 0 6 0 0 0 0
Puis 42655 0708 2056 1 0 0 0 0 0 0 0 0 0 0
Redon 42642 0780 2235 18 5 0 0 0 0 0 0 0 0 0
Nere de Giierri 42793 0.850 2280 14* 0 0 0 5 0 0 0 0 0 0
Pica Palomera 42.794 0.869 2308 0 0 0 0 12 0 4 0 0 0 0
Long de Liat 42807 0874 2140 O 7 0 0 0 0 1 0 0 0 0
Monges 42623 0877 2418 15 0 0 0 0 0 6 0 0 0 0
Montoliu 42785 0926 2375 1 0 0 0 0 0 1 0 0 0 0
Plan 42622 0931 2188 0 8 0 0 0 0 1 0 9 0 0
Llong 42574 0951 2000 1 0 0 0 0 0 0 0 0 3 0
Gelat de Bergtis 42591 0963 2493 1 0 0 0 0 0 8 0 0 0 0
Illa 42618 0993 2452 4* 0 0 0 0 0 13 0 0 0 0
Gerber 42631 0995 2170 2 5 0 0 0 0 12 0 0 6 0
Airoto 42703 1.039 2210 2 5 0 0 0 3 0 0 0 5 0
Gran de Mainera 42525 1.046 2450 O 1 0 0 0 0 0 0 0 0 0
Rond 42794 1.064 1929 17* 0 0 0 0 0 2 0 0 0 0
La Gallina Inferior 42706 1187 2270 45 0 0 0 0 0 3 0 0 0 0
Mariola 42717 1224 2276 95* 0 0 0 0 0 0 0 0 0 0
Send 42712 1323 2130 O 15 0 0 0 0 0 0 0 1 0
Romedo de Dalt 42706 1325 2110 O 2 0 0 0 0 0 0 0 0 0
Aubé 42.745 1338 2094 18 0 0 0 0 0 0 0 0 0 0
Aixeus 42611 1372 2370 30* 0 0 0 0 0 0 0 0 0 0
Sotllo 42652 1384 2346 12%* 0 0 0 0 0 0 0 0 0 0
Angonella Superior 42610 1.481 2440 9* 0 0 0 0 0 1 0 0 0 0
Tristaina Superior 42647 1487 2300 10* 1 0 0 0 0 6 0 0 0 0
Blaou 42655 1573 2350 8* 0 0 0 0 0 0 0 0 0 0
Gran de la Pera 42458 1595 2350 O 5 0 0 0 0 0 0 0 0 0
Ensangents Superior  42.521 1649 2550 0 1 0 0 0 0 7 0 0 0 0
Montmalas 42498 1683 2440 2 7 0 0 0 1 0 0 0 1 0
Canals Roges 42587 1.712 2410 1 0 0 0 0 0 2 0 0 0 0
Albe 42618 1.745 2355 7* 0 0 0 0 0 2 1 0 0 0
Siscar 42601 1747 2187 O 4 0 0 0 0 0 0 0 0 0
Malniu 42474 1792 2250 O 13 0 0 0 0 0 0 0 56 0
Aygue Longue 42642 1883 2076 0 3 0 0 0 0 0 0 0 6 0
Trebens 42578 1963 2306 O 3 0 0 0 0 0 0 0 0 0
Blau 42616 1967 2531 7 2 0 0 0 0 0 0 0 0 0
Bleu de Rabassoles 42700 1973 1920 0 0 0 0 0 0 0 0 0 1 0
Gros de Camporrells  42.626 2.008 2255 0 36 0 0 0 0 0 0 0 7 0
Laurenti 42675 2026 1936 0 0 0 0 0 0 0 0 0 2 0
Gorg Negre 42636 2211 2083 0 10 0 0 0 0 0 0 0 2 0
Estelat 42646 2214 2021 0 0 0 0 0 0 2 0 0 5 0
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Appendix S2 Descriptive statistics of environmental variables (82 lakes).
Abbreviations: sd, standard deviation; min., minimum value; max., maximum value; *

mean for Salmonidae and Phoxinus is referred to as the frequency of occurrence.

mean median sd min. max.
In-lake variables
Lake area (ha) 8.05 5.58 8.78 0.24 53.19
Lake depth (m) 22.1 16.7 20.6 0.7 123.0
Surface temperature (°C) 12.4 12.7 32 3.8 18.5
pH 7.10 7.00 0.79 4.53 8.96
Conductivity at 20 °C (uS cm™) 40.0 23.8 384 5.2 190.8
Macrophyte coverage (%) 9.1 0.0 19.0 0.0 100
Fine substrate coverage (%) 29.7 26.5 22.5 0.0 93.5
Gravel coverage (%) 8.8 6.3 8.4 0.0 325
Stone coverage (%) 19.2 18.8 10.8 0.0 46.7
Rock coverage (%) 42.3 40.7 20.3 0.0 83.0
Si (mg-Si 1™ 0.91 0.67 0.79 0.02 5.03
Dissolved organic carbon (mg C 1) 1.06 0.78 1.23 0.00 9.42
NH," (neq-1™h 1.26 1.19 0.60 0.18 3.89
Ca®" (peql™ 280.5 133.9 287.5 20.0 1194.6
Mg* (neql™) 43.8 15.1 99.2 4.0 557.3
Na' (peql™) 24.25 20.43 13.84 0.28 75.76
K" (ueq-l™ 3.89 3.29 3.90 0.00 21.91
Acid neutralising capacity (ueq:1™) 257.1 122.5 320.5 -40.0 1696.0
SO (neq-l™ 92.85 41.29 184.55 10.27 1239.96
CI (peql™ 8.08 6.72 4.77 3.29 36.61
NO; (peql™) 6.30 5.19 5.41 0.00 19.90
Total nitrogen (pg'N 1) 225.1 177.7 173.6 439 967.9
Total phosphorus (ug-P 1) 4.63 3.36 4.55 0.94 33.27
Chl-a (ug Chl 1™ 2.10 1.26 2.88 0.03 19.07
Bacteria (g C ') 22.0 15.8 19.5 1.0 933
LOI in deep sediment (%) 16.4 17.2 8.8 0.0 40.9
Salmonidae (presence / absence) * 0.68 - - - -
Phoxinus (presence / absence) * 0.32 - - - -
Catchment variables
Catchment area (ha) 246.9 113.1 622.3 7.0 5437.9
Woody vegetation coverage (%) 6.2 0.0 13.0 0.0 70.0
Peat bog coverage (%) 0.5 0.0 1.7 0.0 10.0
Meadow coverage (%) 20.9 15.0 23.4 0.0 90.0
Rocky meadow coverage (%) 10.5 0.0 16.3 0.0 78.0
Scree coverage (%) 293 25.0 229 0.0 100
Bare rock coverage (%) 32.0 30.0 20.2 0.0 90.0
Glacial deposits coverage (%) 0.3 0.0 1.6 0.0 10.0
Glacier coverage (%) 0.2 0.0 1.7 0.0 15.0
Metamorphic rock coverage (%) 26.1 0.0 38.5 0.0 100
Plutonic rock coverage (%) 47.7 40.0 46.7 0.0 100
Detrital rock coverage (%) 13.2 0.0 28.2 0.0 100

Carbonate rock coverage (%) 11.5 0.0 21.9 0.0 90.0
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Appendix S3 Estimation of the lake connectivity matrix for Moran’s Eigenvector Maps
(MEM) analysis. The most likely matrix for lake connectivity was obtained by
comparing the AICc values of a number of possible matrices, based on the MEM

analysis of species assemblages. The procedure was performed in five steps.

Step 1 Several geometric connectivity schemes were first used to build binary (i.e.
unweighted by distance) models of lake connectivity, following Dray et al. (2006), and
using the packages ‘SoDA’ (Chambers, 2013) and ‘spacemakeR’ (Dray, 2013),
available in R software (R Core Team, 2013). These connectivity matrices were, from
simplest to most complex, the “minimum spanning tree”, the “relative neighbourhood
graph”, the “Gabriel graph” and the “Delaunay triangulation”, with the additional

inclusion of the “distance-based criterion” (Dray et al., 2006; Borcard et al., 2011).

Step 2 Unlike other connectivity matrices, the distance-based criterion requires a prior
definition of a threshold distance beyond which lakes are considered as unconnected.
This distance can be obtained through a multivariate variogram, and equals to the
largest distance at which the variogram is significant, considering only the lower half of
the distance range (Wagner et al., 2005; Dray et al., 2006). In our case, this threshold
distance was equal to the largest distance between lakes (120.7 km) that was within the
lower half of the distance range. The empirical multivariate variogram of our caddisfly
community data is represented in next page (95% confidence intervals shown as short-

dash lines).
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Step 3 The most adequate distance-based connectivity matrix must be one among all
those possible distance matrices that can be built between a minimum distance, at which
no lake is left unconnected (i.e. the “minimum spanning tree”), and the threshold
distance above defined, beyond which lakes are considered too far apart to be
connected. In our case, these two distance limits were 28.8 km and 120.7 km. Any
distance-based matrix was considered as a potential candidate matrix if the maximum

distance between lakes, hereinafter ‘dmax’, was between these two limits.

Step 4 The number of matrices to be considered as candidates was further increased
within each of the geometric matrix types defined in ‘Step 1°, by considering (or no) the
addition of weights to links between lakes (i and j), as a decreasing function of their
distance (dj). Following Dray et al. (2006), we considered three ways to define
decreasing weights with distance: a linear function (f1), a concave-down function (f2)
and a concave-up function (f3). This latter was here adapted to the geographical scale of

our study (240 km), as only 4 m were considered as the threshold distance in Dray et al.
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(2006), and the 13 suggested in that paper is strongly sensitive to scaling. The models

here used for the connectivity matrices are summarised as follows:

Type of link Weighing function Parameters * Reference
Binary None - -

fl 1 —d;/ dmax dmax Dray et al. (2006)
2 1 —(dy / dmax)* dmax and a Dray et al. (2006)
f3 1/(1+d;""" ) 4 dmax d;" ") dmax and z this study

* dmax is to be estimated only for the ‘distance-based’ connectivity matrix, as it is fixed in other matrices;
a and z are defined as integers and the values considered are from 1 to 10 (@) and from 1 to 5 (z)

Step 5 Following Dray et al. (2006), within each connectivity matrix and weighing
function, MEM variables were used upon species assemblages, using Redundancy
Analysis (RDA) with the R package ‘vegan’ (Oksanen et al., 2013) and after
transformation of raw species data to obtain the Hellinger distance during RDA
(Legendre & Gallagher, 2001). MEM variables where selected following forward
selection and 9999 Monte Carlo permutations with the R package ‘packfor’ (Dray et al.,
2013), by applying the double-stopping criterion of Blanchet ef al. (2008). Only positive
MEM, representing positive spatial autocorrelation, where considered for inclusion, as
negative MEM are often the result of biotic interaction or “accidental” data structures

(Borcard et al., 2011), which are out of the scope of the present study.

Final output
Following Dray et al. (2006), the best model (in terms of AICc) within each
connectivity matrix and weighing function is shown below. The most likely

connectivity matrix is the one with the lowest AICc value overall (shown in boldface).
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Connectivity matrix Weighing #MEM  Adjusted AICc Parameters
function variables R’
Minimum spanning tree None 8 0.253 -29.4
fl 5 0.150 -26.3
2 6 0.215 296 a=7
f3 10 0.332 =327 z=1
Relative neighbourhood None 8 0.268 -30.7
fl 7 0.188 -26.0
2 7 0.273 -327 a=5
f3 9 0.323 -337  z=4
Gabriel graph None 9 0.315 -32.9
f1 6 0.218 -29.8
2 5 0.273 356 a=7
3 9 0.295 312 z=5
Delaunay triangulation None 5 0.229 -32.2
fl 7 0.260 -31.6
2 6 0.250 324 a=6
3 9 0.314 -329  z=2
Distance-based None 6 0.316 -37.9  dmax =59.0 km
f1 3 0.242 -359  dmax =56.2 km
2 5 0.271 -35.5  dmax=38.1km;a=28
3 10 0.339 -33.3  dmax=66.6km;z=>5
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