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Abstract
The taxonomy of the endemic whitefish of the lakes of the Reuss River system (Lucerne, Sarnen, Zug) 
and Lake Sempach, Switzerland, is reviewed and revised. Lake Lucerne harbours five species. Coregonus 
intermundia sp. nov. and C. suspensus sp. nov., are described. Coregonus nobilis Haack, 1882, C. suidteri 
Fatio, 1885, and C. zugensis Nüsslin, 1882, are redescribed. Genetic studies have shown that C. suidteri and 
C. zugensis are composed of several distinct species endemic to different lakes. The names C. suidteri and 
C. zugensis are restricted to the species of lakes Sempach and Zug, respectively. The whitefish populations 
previously referred to as C. suidteri and C. zugensis from Lake Lucerne are described as C. litoralis sp. nov. and 
C. muelleri sp. nov., respectively. Furthermore, the whitefish from Lake Zug that were previously referred to as 
C. suidteri are described as C. supersum sp. nov. A holotype is designated for C. supersum that was previously 
one of two syntypes of C. zugensis. The other syntype is retained for C. zugensis. Coregonus obliterus sp. nov. 
is described from Lake Zug, and C. obliterus and C. zugensis from Lake Zug are extinct. Finally, we describe 
C. sarnensis sp. nov. from lakes Sarnen and Alpnach. Coregonus suidteri from Lake Sempach shows strong 
signals of introgression from deliberately translocated non-native whitefish species, which questions if the 
extant population still carries a genetic legacy from the original species and thus may need to be considered 
extinct. Coregonus suspensus is genetically partially of allochthonous origin, closely related to the radiation of 
Lake Constance. It is therefore compared to all known and described species of Lake Constance: C. wartmanni 
Bloch, 1784, C. macrophthalmus Nüsslin, 1882, C. arenicolus Kottelat,1997, and C. gutturosus Gmelin, 1818.
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Introduction

The European whitefish (Coregonus spp.) are a classic example of recent postglacial 
adaptive radiations spanning the Palearctic temperate zone with several lakes in the bo-
real, subarctic, or pre-alpine regions harbouring multiple coexisting and closely related 
species (Steinmann 1950; Hudson et al. 2007). Many of these radiations diversified 
after the most recent glacial maximum approximately 15,000 years ago and comprise 
of evolutionary young taxa, with up to six genetically and phenotypically differentiated 
species occurring in single lakes of the pre-alpine region (Bernatchez 2004; Østbye et 
al. 2005; Hudson et al. 2007, 2011, 2016; Kottelat and Freyhof 2007; Doenz et al. 
2018; Jacobs et al. 2019; Selz et al. 2020; De-Kayne et al. 2022; Frei et al. 2022a, b). 
The repeated diversification of sympatric whitefish in many lakes have either arisen 
through a combination of sympatric and allopatric speciation in boreal and subarctic 
lakes (Scandinavia: Østbye et al. 2005; Præbel et al. 2013) or mainly through sympa-
tric speciation from a hybridogenic ancestral population in pre-alpine lakes (Central 
Europe: Hudson et al. 2011). The repeated diversification of sympatric whitefish along 
a benthic to limnetic axis and a depth axis from shallow to deep in lacustrine envi-
ronments exhibits often parallel patterns of divergence in phenotypic traits related 
to foraging and trophic ecology (i.e., gill raker number, benthic vs. limnetic feeding 
ecology, habitat depth partitioning during feeding), physiology (i.e., growth rate), and 
reproductive ecology (i.e., spawning season and spawning habitat varying along lake 
depth and along the benthic-pelagic axis) (Fatio 1890; Steinmann 1950; Østbye et 
al. 2005; Vonlanthen et al. 2009, 2012; Harrod et al. 2010; Lundsgaard-Hansen et 
al. 2013; Hudson et al. 2016; Doenz et al. 2018; Jacobs et al. 2019; Öhlund et al. 
2020; Selz et al. 2020; De-Kayne et al. 2022; Frei et al. 2022a, b). Differentiation in 
phenotypic traits is often mirrored by strong reproductive isolation among sympat-
ric whitefish species, confirming that ecologically differentiated whitefish occurring in 
sympatry are generally genetically clearly differentiated species (Douglas and Brunner 
2002; Douglas et al. 2003; Hudson et al. 2011, 2016; Vonlanthen et al. 2012; Doenz 
et al. 2018; Feulner and Seehausen 2018; Jacobs et al. 2019; Selz et al. 2020; De-Kayne 
et al. 2022; Frei et al. 2022a, b).

Swiss lakes once harboured approximately 35 endemic species of whitefish native 
to 17 lakes, but due to anthropogenic eutrophication of lakes in the middle of the 20th 
century one third of this diversity has been lost (Vonlanthen et al. 2012; Hudson et 
al. 2013; Alexander et al. 2017b). The pre-alpine whitefish radiations originate from a 
hybridogenic ancestral population comprising of two divergent mitochondrial lineages 
(Hudson et al. 2011; Winkler et al. 2011). Furthermore, based on large genomic data 
sets the entire pre-alpine whitefish radiation is monophyletic when compared to the 
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closest relatives from northern Germany and Scandinavia and most of the pre-alpine 
whitefish radiations form monophyletic groups by lake or lake system (Douglas et al. 
2003; Hudson et al. 2011, 2016; Doenz et al. 2018; Jacobs et al. 2019 De-Kayne et al. 
2022; Frei et al. 2022a, b; this study).

Part of the pre-alpine whitefish species diversity is still unresolved to date, despite 
the seminal revisions on European freshwater fish by Kottelat (1997) and Kottelat and 
Freyhof (2007). We recently evaluated the status of whitefish species of lakes Brienz 
and Thun, Switzerland, where we recognised seven species, of which four were new 
to science (Selz et al. 2020). Here we revise the endemic, pre-alpine whitefish species 
diversity of the Reuss River system (Lucerne, Sarnen, Zug) and Lake Sempach, Swit-
zerland, redescribing three and describing seven species, respectively.

We studied the type material listed by Kottelat (1997) for the described species 
from lakes Lucerne, Sempach, and Zug (C. nobilis, C. suidteri, C. zugensis) and from 
Lake Constance (C. arenicolus, C. gutturosus, C. macrophthalmus, C. wartmanni). 
Furthermore, we studied contemporary specimens of all whitefish species from Lake 
Lucerne and from Lake Sarnen (C. nobilis, C. muelleri, C. litoralis, C. suspensus, 
C. intermundia, C. sarnensis). We also studied historical specimens of C. litoralis and 
C. muelleri from Lake Lucerne, of C. obliterus, C. zugensis, and C. supersum from Lake 
Zug and of all described species from Lake Constance.

Materials and methods

Study lakes and whitefish species collection

Type material of all currently valid species (based on Kottelat’s (1997) systematic revi-
sion of the nomenclature of Swiss whitefish) was inspected in the collections of the 
Museum d’Histoire Naturelle, Genève (MHNG), Switzerland and in the Steinmann 
and Seehausen-Eawag collection of Eawag, Switzerland, now curated in the Naturhis-
torisches Museum Bern (NMBE). All contemporary specimens are part of the See-
hausen-Eawag collection, which is planned to also be curated at a later stage at the 
NMBE. For the Steinmann collection some jars contain more than one fish and thus 
we provide the individual labels of each fish with ‘Eawag’ followed by the individual 
identification number, next to the NMBE number in brackets.

The different whitefish species in this study derive from different lakes, namely 
Lake Lucerne (47°01'N, 8°24'E, surface area 113.6 km2, max depth 214 m), Lake 
Sarnen (46°52'N, 8°13'E, surface area 7.5 km2, max depth 51 m), Lake Sempach 
(47°08'N, 8°09'E, surface area 14.5 km2, max depth 87 m), Lake Zug (47°07'N, 
8°29'E, surface area 38.3 km2, max depth 197 m), Lake Constance (47°37'N, 9°23'E, 
surface area and max depth of Upper Lake Constance 473 km2 and 251 m and of lower 
Lake Constance 63 km2 and 46 m depth), Lake Lugano (45°59'N, 8°58'E, surface 
area 48.7 km2, max depth 288) and Lake Maggiore (46°05'N, 08°42'E, surface area 
212.35 km2, max depth 372).
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Contemporary samples of whitefish from the different lakes were obtained in the 
course of many projects of the Seehausen research group. Contemporary material used 
here was collected in the years 2004, 2005, 2007, 2011, and 2015 to 2017. Some 
of the fish were obtained from commercial fisheries catches. Fishing was done with 
monofilament bottom and pelagic gill nets of various mesh size ranging from 5 mm 
to 60 mm, and across many depth ranges in the limnetic and benthic habitats of the 
lakes Lucerne and Sarnen (see protocols in Alexander et al. (2015) and Hudson et al. 
(2016)). The fish come from three different sampling methods: targeted fishing in 
all lakes mentioned in this study on known spawning grounds (Hudson et al. 2011, 
2016; Vonlanthen et al. 2012; this study), targeted fishing at one spawning site in Lake 
Lucerne along a depth cline (Hudson et al. 2016) and habitat-stratified fishing of the 
whole lake during the summer months in Lake Sarnen (Vonlanthen and Périat 2017).

Procedures of historical and contemporary specimen collection

The collection of contemporary specimens differed slightly between projects, but in gen-
eral was as follows: upon capture, fish were anaesthetised and subsequently euthanised 
with appropriate concentrations of phenoxyethanol, clove oil or tricaine methanesul-
fonate (MS222) solutions. Muscle tissue and scales below the dorsal fin, as well as a 
part of the pectoral fin were taken for genetic and isotopic analysis and to determine the 
age of each fish. Each fish was photographed and then fixed in 4% formalin solution 
for at least 1 month and afterwards transferred through a series of ethanol of increasing 
concentration (30%, 50%) to the final concentration of 70% for storage. Permits for 
collecting fish in the lakes were issued by the cantons adjacent to the lakes. In the field 
the fish were identified to species level as good as possible. Sex and fresh mass were noted. 
Immature fish, where the sex could not be determined externally, were examined inter-
nally. For the historical specimens the sex could only be determined when the abdominal 
cavity had already been opened. The age was determined by counting the annual growth 
rings of four scales under a confocal microscope following Lehtonen and Nylund (1995).

Genetics

We used a data set of 1071 specimens genotyped at ten microsatellite loci. We com-
bined existing data from Hudson et al. (2016) for the whitefish species of Lakes 
Lucerne, Neuchâtel, Zürich, Walen, and Constance, and from Selz et al. (2020) for 
the whitefish species from lakes Thun and Brienz with our new genetic data for the 
whitefish from Lakes Sarnen, Sempach, and Zug. To be able to combine the data set 
of Hudson et al. (2016) with our data (Selz et al. 2020; this study), we extracted and 
genotyped 32 samples from Hudson et al. (2016) to be able to verify that genotyp-
ing was consistent across allele scoring panels, scorers, and sequencing machines. We 
found high genotyping agreement. Detailed information about DNA extractions, mi-
crosatellite amplification and scoring can be found in Selz et al. (2020).
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To identify genetic clusters (K) of populations and obtain genetic assignment 
proportion for individuals in a dataset with all whitefish species from Lakes Lu-
cerne, Sarnen, Sempach, and Zug we used an individual-based Bayesian cluster-
ing approach implemented in STRUCTURE (v. 2.3.4; Pritchard et al. 2000) with 
200’000 burn-in steps and 300’000 MCM steps and 10 runs using the admixture 
and correlated allele frequency model for each assumed K from 1 to 10. The most 
likely K was determined with the Evanno method by comparing the LnP(D) values 
from 10 runs of different K values in Structure harvester (Earl and vonHoldt 2012). 
Deviations from Hardy-Weinberg equilibrium (HWE, 1000 permutations) for all 
loci per population, multilocus neutral genetic diversity within populations and 
pairwise genetic differentiation between populations (Fst, 1000 permutations) were 
calculated with Genodive (v. 3.03; Meirmans and van Tienderen 2004) (Suppl. ma-
terial 1: table S1). A population-based neighbour-joining tree using Cavalli-Sfor-
za chord distances (DCH) was reconstructed using the software package PHYLIP 
3.69 (Felsenstein 2005) and the best-tree with bootstrap support for each node 
(1000 replicates) was visualised with the package ape (5.3) in R (R 3.5.1; R core 
Team 2018).

Morphological and meristic characters

Twenty-five body, 19 head, four gill, and 12 meristic characters were obtained on 
46 historical and 116 contemporary specimens with a digital calliper to the nearest 
0.1 mm. When possible, measurements and counts were taken on the left side of the 
fish, unless a specific character was missing or deformed, in which case that character 
was obtained from the right side of the fish. The mean of two measurements was taken 
for each character, whereby the difference between two measurements had to be less 
than 5%. If deviance exceeded 5%, the distance was measured another two times. Over 
all morphological characters combined, the average deviance between two measure-
ments was 1.5%. Not all measurements could be taken on all the historical specimens 
since some characters where damaged or absent, resulting in incomplete character lists 
for certain specimens. Characters for which we had missing values were excluded from 
the multivariate ratio analyses (see below). The number of characters used for each 
analysis is explicitly mentioned in the results section. A description and illustrations of 
each character can be found in Table 1 and Fig. 1. For all meristic characters the mode 
and for all morphological characters the mean together with the range for each species 
are reported. If the sample size was too small, a mode or mean could not be calculated 
and we report ‘na’ or write out the values. For the described species, the holotype is in-
cluded in the range. Both sexes are included for the full range of each character of each 
species. Regarding pigmentation, we refer to the overall melanisation degree of the fins 
and the body. There is no detailed description of the exact structure of the pigmenta-
tion since we have only looked at traits that would be also possible for practitioners to 
measure in the field.
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Table 1. Morphological and meristic characters, their abbreviations, and a brief description of 
each character.

Morphological 
characters

Abbreviation Description

Body
Pelvic fin base PelvFB Length between insertions of fin
Pelvic fin „spine“ length PelvFS Length from upper insertion point of fin to tip of spine; the spine is actually an elongated scale 

structure
Pelvic fin length PelvF Length from upper insertion point of fin to tip of longest unbranched ray
Pectoral fin base PecFB Length between insertions of fin
Pectoral fin 1 length PecF1 Length from upper insertion point of fin to tip of unbranched ray
Pectoral fin 2 length PecF2 Length from upper insertion point of fin to tip of longest branched ray
Dorsal fin base DFB Length between insertions of fin
Length of anterior part of 
dorsal fin erected

DFAe Length from anterior insertion point of fin to tip of longest unbranched ray, 
when fin is fully erected

Length of anterior part of 
dorsal fin depressed

DFAd Length from anterior insertion point of fin to tip of longest unbranched ray, 
when fin is depressed

Length of posterior part 
of dorsal fin erected

DFPe Length from posterior insertion point of fin to tip of most posterior ray, when fin is erected

Anal fin base AFB Length between insertions of fin
Length of anterior part of 
the anal fin

AFAe Length from anterior insertion point of fin to tip of longest ray, when fin is fully erected

Adipose fin base AdFB Length between insertions of fin
Caudal fin length CF Length from the middle of hypural plate of the caudal fin (internally the expanded bones at the 

end of the backbone that support the caudal fin, externally where the lateral line scales end) to 
the tip of the longest unbranched ray either being on the dorsal or ventral part of the caudal fin

Caudal peduncle depth CD Vertical distance between dorsal and ventral margins of the caudal peduncle at its narrowest part
Caudal peduncle length CL Length from posterior insertion point of anal fin to the middle of the hypural 

plate of the caudal fin
Length from posterior 
part of adipose fin to 
caudal fin base

PAdC Length from anterior insertion point of adipose fin to the middle of the hypural 
plate of the caudal fin

Dorsal head length DHL Length from tip of snout to most posterior part of the frontal head bone
Prepelvic length PreP Length from tip of snout to anterior insertion point of pelvic fin
Preanal length PreA Length from tip of snout to anterior insertion point of anal fin
Standard length SL Length from tip of snout to the middle of the hypural plate of the caudal fin
Total length TL Length from tip of snout to the tip of longest unbranched ray either being on the dorsal or 

ventral part of the caudal fin
Predorsal length PreD Length from tip of snout to anterior insertion point of dorsal fin
Body depth BD Vertical distance between dorsal and ventral margins of body from anterior insertion point of 

dorsal fin to anterior insertion point of anal fin: not necessarily the greatest body depth
Postdorsal length PostD Length from posterior insertion point of dorsal fin to middle of hypural plate of the caudal fin
Head
Eye diameter ED Horizontal distance across the midline of the eye from the anterior to the posterior margin of the 

soft eye tissue
Eye cavity EC Horizontal distance across the midline of the eye from the anterior margin of the eye socket to 

the posterior margin of the eye cavity
Eye height EH Vertical distance across the midline of the eye from the dorsal margin of the eye cavity to the 

ventral margin of the eye cavity
Eye socket ES Horizontal distance from the anterior margin of the eye socket to the most anterior point of the 

posterior margin of the eye socket
Postorbital length PostO Length from posterior margin of the eye to the most posterior point of the operculum
Head length HL Length from the tip of snout to most posterior point of the operculum margin
Head depth HD Transverse distance between margins at the widest point of the head.
Head width HW Distance between the anterior margins of the left and right operculum
Mouth width MW Transverse distance between margins of the upper and lower jaw
Upper jaw length UJ Length from the tip of the snout to most posterior point of the upper jaw
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Morphological analyses

Since several species are extinct (C. obliterus, C. zugensis, C. suidteri, C. gutturosus), 
which has been attributed to anthropogenic-induced eutrophication of many lakes in 
Switzerland in the middle of the 20th century with subsequent environmental changes 
that had effects on the morphological characters of whitefish species (e.g., gill rak-
ers) (Vonlanthen et al. 2012; Frei et al. 2022a, b), we didn’t use the historical and 
contemporary specimens together to diagnose the species. Hence, specimens from 
contemporary samples are used to diagnose and distinguish among and between the 
whitefish species of lakes Lucerne and Sarnen. Specimens from historical samples are 

Morphological 
characters

Abbreviation Description

Lower jaw length LJ Length from the most anterior point of the lower jaw to the lower jaw insertion
Lower jaw width LJW Length between the posterior left and right side of the lower jaw
Uper jaw width UJW Length between the anterior left and right point of the upper jaw
Length of maxilla M Length from the most anterior point of the maxilla to the most posterior point of the maxilla
Snout length SN Length from tip of snout to anterior margin of the eye
Snout depth SD Vertical distance from the upper to the lower margin of the rostral plate
Snout width SW Horizontal distance from the left to the right margin of the rostral plate
Interorbital width IOW Distance between the anterior margin of the left and right eye cavity
Internarial width INW Distance between the right and left nostrils
Gill
Upper arch length UA Length of the first hypobranchial (upper arch) from the most anterior point to the joint of the 

hypo- and ceratobranchial where the middle raker emerges
Lower arch length LA Length of the first ceratobranchial (lower arch) from the most posterior point to the joint of the 

hypo- and ceratobranchial where the middle raker emerges
Middle gill raker length MGR Length of the gill raker directly at the joint of the hypo- and ceratobranchia, from the insertion 

of the gill raker to the tip of the gill raker
Longest gill raker length LGR Length of the longest gill raker on either the hypo- and ceratobranchia, from the insertion of the 

gill raker to the tip of the gill raker
Mersitic characters Acronym Description

Pelvic fin rays PelvFR Number of unbranched and branched rays
Pectoral fin rays PecFR Number of unbranched and branched rays
Dorsal fin rays DFR Number of unbranched and branched rays; the posterior most dorsal rays are often borne from 

a single pterygiophore (the bones on which the rays articulate), in such a case the two rays are 
counted as 2 rays, rudimentary unbranched rays at the anterior part of the fin are counted

Anal fin rays AFR Number of unbranched and branched rays; the posterior most anal rays are often borne from 
a single pterygiophore (the bones on which the rays articulate), in such a case the two rays are 
acounted as 2 rays, rudimentary unbranched rays at the anterior part of the fin are counted

Lateral line scales LS Scales bearing the lateral-line column canal from the head to the end of the hybpural plate of the 
caudal peduncle

Predorsal scales PDS Dorsal scales starting from the posterior end of the head to the anterior insertion of the dorsal fin
Transverse dorsal scales TDS Number of scale rows between anterior insertion of the dorsal fin and the lateral line, not 

accounting for the lateral line scale and the scale on the dorsal midline (in front of the dorsal fin)
Transverse anal scales TAS Number of scale rows between anterior insertion of the anal fin and the lateral line, not 

accounting for the lateral line scale and the scale on the ventral midline (in front of the anal fin)
Transverse pelvic scales TPS Number of scale rows between anterior insertion of the pelvic fin and the lateral line, not 

accounting for the lateral line scale and the scale on the ventral midline (in front of the pelvic fin)
Upper arch gill raker 
number

UGR Number of gill rakers on first upper arch; all rakers including rudimentary developed rakers

Lower arch gill raker 
number

LGR Number of gill rakers on first lower arch; all rakers including rudimentary developed rakers and 
the middle raker

Total gill raker number total GR Gill raker number of upper and lower arch combined
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used to diagnose and distinguish among all historical specimens from Lake Zug, as 
well as between historical specimens of the species from the lakes Lucerne, Sempach, 
and Zug that were previously all grouped under C. zugensis or C. suidteri. Furthermore, 
specimens from historical samples of Lake Constance are compared to specimens from 
contemporary samples of C. suspensus from Lake Lucerne.

We used multivariate ratio analysis methods in R to perform linear discriminant 
analysis (LDA) on morphological ratios (Baur and Leuenberger 2011; Baur et al. 
2014). Analysis of morphological ratios are especially well suited in a taxonomic con-
text (László et al. 2013). For a pairwise species comparison we ran linear discriminant 
analysis (LDA) on all or a part of the measured characters to calculate the first two 
LDA ratios of characters that best separate the two species in each of the pairwise 
species’ comparisons. This was done among all contemporary specimens from lakes 
Lucerne and Sarnen and among all historical specimens from Lake Zug, as well as 
between historical specimens of the species from the lakes Lucerne and Zug that were 

Figure 1. Illustration of the morphological body and head characters (see Table 1 for an explanation of 
the acronyms and a detailed description of each character).
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previously all grouped under C. zugensis or C. suidteri. This method also allows to esti-
mate the extent of shape change with size (i.e., the contribution of allometry to these 
ratios) which is given as δ and describes how good shape discriminates in comparison 
to size (see Baur and Leuenberger 2011: 818, formula 14). In several pairwise species 
comparisons, we had more variables than individuals, which will not allow to calculate 
the best LDA ratios. In such cases we used a subset of informative characters to match 
the number of individuals. All the comparisons with a subset of characters are marked 
in the table and the respective characters that were used are listed (Tables 10, 11). We 
report only ratios that have shown to have little overlap and thus may be used to dis-
tinguish the species. Ratios marked in the table with an asterisk (*) have very little or 
no overlap with other species and could thus be used in the identification key and the 
species diagnoses.

Macrofossils from sediment cores

We collected and analysed seven sediment cores from Lake Sarnen that covered the 
periods (and beyond) of documented historical introductions of allochthonous white-
fish from lakes Lucerne, Sempach, and Zug into Lake Sarnen (1888–1900: Heuscher 
1900; 1913–1920: Steinmann 1950). All seven cores were collected at the deepest 
location (51 m) of Lake Sarnen. The cores were cut in half and photographed. For the 
analysis the cores were divided into 2.5 cm intervals (~ 0.26 litres of sediment) for an 
average time interval of 3.6 years at a net sedimentation rate of 0.69 cm/year, which 
was obtained from γ-ray measurements of 210Pb and 137Cs (Müller et al. 2021). We 
analysed the cores from 50 cm downcore to the bottom of each core. The sediment was 
sieved through a 250 μm mesh and subsequently examined under a stereomicroscope. 
Sieve fractions were primarily screened for fish scales and bone fragments. Scales were 
photographed and compared to reference images from the ‘Atlas of Fish Scales’ Vol. 2 
(Lehtonen and Nylund 1995).

Figure 2. Map of Switzerland with the lakes studied; 1. Lake Constance, 2. Lake Sempach, 3. Lake Zug, 
4. Lake Lucerne, 5. Lake Sarnen. On the right is a bathymetric map of Lake Lucerne with the German 
names of each basin (modified from Alexander et al. 2017a).
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Data accessibility

All the data from this manuscript is available at Dryad Data Repository (https://doi.
org/10.5061/dryad.8cz8w9gvx). The specimens used for taxonomic work in this study 
and in Selz et al. (2020) have been processed and given an accession number by the 
Naturhistorisches Museum Bern (NMBE). However, many of the specimens used for 
genetic work in this study have yet to be processed by the NMBE and are thus labelled 
in the accompanied dataset to this study with unique identifiers from the Seehausen-
Eawag laboratory.

Results

Genetics

We found K = 4 to be the most likely genetic cluster in the STRUCTURE analysis for 
the whitefish species of lakes Lucerne, Sarnen, Sempach, and Zug (Suppl. material 1: 
fig. S2). In agreement with previous work by Hudson et al. (2011) on a large AFLP data 
set we find that Lake Lucerne consists of two genetic clusters. One cluster (i.e., ‘cluster 
1’ in Hudson et al. 2011) contains the species C. nobilis and C. muelleri and one cluster 
(i.e., ‘cluster 2’) contains the species C. litoralis, C. intermundia, C. suspensus and the 
whitefish population from Lake Alpnach. The two additional clusters in our analysis 
are a cluster (i.e., ‘cluster 3’) containing all whitefish from Lake Zug and Sempach and 
a cluster (i.e., ‘cluster 4’) containing the species C. sarnensis from Lake Sarnen. Few 
individuals from Lake Sempach that grouped in cluster 3 show high assignment likeli-
hoods to cluster 2 of Lake Lucerne and vice versa. We have also identified a few indi-
viduals in Lake Sarnen that had moderately high individual assignment likelihoods to 
the Lake Lucerne cluster 2 and a few individuals in Lake Alpnach, a side-arm of Lake 
Lucerne that is connected to Lake Sarnen, that had high individual assignment likeli-
hoods to the Lake Sarnen cluster 4 (Suppl. material 1: fig. S2). This can be attributed 
to the genetic legacy of deliberate cross-lake introductions of different whitefish species 
in the last two centuries (Heuscher 1900; Steinmann 1950). To compare our data to 
previous studies (Hudson et al. 2016) we built a population-based neighbour-joining 
tree that contained all samples of Hudson et al. (2016) but additionally our new sam-
ples from lakes Sarnen, Zug and Sempach, Thun, and Brienz. We replaced the samples 
from Hudson et al. (2016) for the lakes Thun and Brienz with new samples and ad-
ditional species described by Selz et al. (2020). Congruent with Hudson et al. (2016) 
the species group mostly by lake or lake-system, i.e., into lake-system specific species-
flocks (Suppl. material 1: fig. S2). The two species, C. acrinasus (Selz et al. 2020) from 
Lake Thun and C. suspensus from Lake Lucerne, for which previous work (Douglas and 
Brunner 2002; Douglas et al. 2003; Bittner 2009; Hudson et al. 2011, 2016; Doenz 
et al. 2018; De-Kayne et al. 2022) has suggested that the two species have genetic 
ancestry contributions from whitefish of Lake Constance, group with Lake Constance 
species. The few individuals identified in the STRUCTURE analysis from Lake Sarnen 

https://doi.org/10.5061/dryad.8cz8w9gvx
https://doi.org/10.5061/dryad.8cz8w9gvx
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that have moderately high individual assignment likelihoods to the Lake Lucerne clus-
ter 2, group in the neighbour-joining tree with one species from that cluster, namely 
C. litoralis. The few individuals from Lake Alpnach, which had high individual assign-
ment likelihoods to the Lake Sarnen cluster 4 group in the neighbour-joining tree with 
C. sarnensis. The samples from lakes Sempach and Zug that grouped in cluster 3 also 
group in the neighbour-joining tree next to each other. Genetic differentiation (Fst) 
between the species ranged from 0.02 to 0.4 (Suppl. material 1: table S2).

Macrofossils from sediment cores in Lake Sarnen

The longest core of seven cores ranged back to the year 1849 and the oldest whitefish 
scales that were found date back to the years 1861–1857, at least 27 years prior to the 
deliberate introductions from 1888 to 1920 of alevins, fry, and adult whitefish from 
Lake Lucerne, Sempach, and Zug (Suppl. material 1: fig. S1). These findings together 
with the genetics analyses suggest that C. sarnensis is an endemic species of Lake Sarnen.

Species descriptions

Lake Lucerne whitefish

Coregonus litoralis sp. nov.
https://zoobank.org/24E4AC0C-792C-4911-8E18-167FFA164303
Figs 3, 14, Tables 2, 10–14, Suppl. material 1: figs S2, S3, tables S1–S3

Coregonus ‘Ballen’: Douglas and Brunner 2002; Douglas et al. 1999.
Coregonus ‘Balchen’: Steinmann 1950; Douglas and Brunner 2002.
Coregonus ‘Grossfelchen’: Svarvar and Müller 1982.
Coregonus lavaretus nat. riusensis, oekot. primigenius: Steinmann 1950 (see also syn-

onymy of C. sarnensis and C. supersum).
Coregonus schinzii supersum var. lucernensis: Fatio 1890; Birrer and Schweizer 1938 (see 

also synonymy of C. supersum).
Coregonus sp. ‘Bodenbalchen’: Hudson et al. 2011, 2013; Ingram et al. 2012; Vonlan-

then et al. 2012; Lundsgaard-Hansen et al. 2013; Roesch et al. 2013; Alexander 
et al. 2017a.

Coregonus sp. ‘large’: Hudson et al. 2016.
Coregonus suidteri: Kottelat 1997; Kottelat and Freyhof 2007 (see also synonymy of 

C. supersum and C. suidteri).

Material examined. Holotype. Contemporary specimen (year: 2007): NMBE-
1078103, 326 mm SL, male; Switzerland: Lake Lucerne. Paratypes. All from 
Switzerland, Lake Lucerne: Contemporary samples (years: 2007, 2008): NMBE-
1078064, NMBE-1078075, NMBE-1078079, NMBE-1078080, NMBE-1078083, 
NMBE-1078085, NMBE-1078091, NMBE-1078092, NMBE-1078098, NMBE-
1078102-105, N = 12, 304–363 mm SL; Historical specimens (years: 1890, 1899, 

https://zoobank.org/24E4AC0C-792C-4911-8E18-167FFA164303
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1939): MHNG-717.046, NMBE-1076293-295 (Eawag-3081-1, Eawag-3081-2, 
Eawag-310-1, Eawag-310-2, Eawag-310-3, Eawag-309), N = 7, 222–392 mm SL.

Diagnosis. Coregonus litoralis is a large whitefish (standard length at 3 years of age: 
range = 325–392 mm, mean = 353 mm) with strong pigmentation of all fins and body; 
greenish blue colour that sometimes has a pale mustard yellow undertone on the flanks 
above the lateral line; moderate to many pigmented small dots on the scales along the 
flank and the dorsum; deep bodied (23.4–30% SL, mean = 26.9); blunt snout; short 
head (19.2–20.9% SL, mean = 19.9); sub-terminal mouth; small eye (eye diameter: 
18.2–21.4% HL, mean = 20.2) with a thick and triangular-shaped eye socket; short 
and stout caudal peduncle (caudal peduncle depth: 7.5–8.4% SL, mean = 8.1; caudal 
peduncle length: 11.5–14.3% SL, mean = 12.6); few and short gill rakers (longest gill 
raker: 9.2–13.1% HL, mean = 11; total gill raker number: 24–32).

Description. Shape: Generally deep bodied with greatest body depth anterior of 
the dorsal fin. Dorsal profile from tip of snout to anterior origin of dorsal fin is strongly 
convex and ventral profile moderately convex from interorbital area to pelvic fin origin. 
Head short. Mouth short and sub-terminal. Rostral plate pronounced and a bit wider 
than deep resulting in a slightly rectangular shape. Tip of snout often blunt. Small 
eye with a thick and sickle cell-shaped eye-socket. Pectoral fin moderately tapered and 
moderately short. Dorsal fin long with anterior unbranched ray of the erected dorsal 
fin mostly 60–70 ° angle to body axis and slightly bent posteriorly at the end of the ray. 
Dorsal fin longest anteriorly and progressively shortening posteriorly with the outer 
margin of dorsal fin straight. Caudal peduncle stout and short with caudal fin moder-
ately forked. Unbranched rays of anal fin slightly bent posteriorly. Anal fin longest ante-
riorly and progressively shortening posteriorly with the outer margin of anal fin mostly 
straight and only rarely slightly concave. Meristics: Few and short gill rakers. Colour: 
Pigmentation of fins and body overall strong in live specimens. Pectoral fin moderately 
pigmented at median to distal parts of the fin. All other fins are strongly pigmented. 
Silvery appearance along flanks with moderate to many pigmented small dots (aggre-
gation of melanophores) on the scales along flank and dorsum. Distribution of dots 
bound to scale patterning such that dots are found at edge of the scales or at boundary 
point of two scales. Dorsally above lateral line the silvery appearance changes to a pale 
greenish or dark greenish blue colour. Seldomly, especially in older specimens, general 
greenish blue colour can have a pale mustard yellow ground colour (see also colour 
description in Fatio (1890) and Birrer and Schweizer (1938)). Dorsal part of head and 
snout around nostrils is strongly pigmented. Pre-operculum and operculum are silvery 
with one black spot on lower margin of the pre-operculum. Preserved specimens are 
pale in colouration with similar pigmentation as described for live specimens. Silvery, 
translucent, not coloured or unpigmented parts of body brown-yellowish, whereas pig-
mented parts conserved and coloured parts (dorsally above the lateral line) brownish.

Differential diagnosis. Based on contemporary specimens the total number of gill 
rakers of 24–32 (modes = 26 and 30) distinguishes C. litoralis from three of five of 
the other whitefish species of Lake Lucerne by having fewer gill rakers than the other 
species (34–40, mode = 38 in C. nobilis, 33–37, mode = 35 in C. suspensus, 33–43, 
mode = 36 in C. muelleri) (Table 13). Furthermore, the average standard length of three 
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old contemporary specimens distinguishes C. litoralis from all other whitefish species of 
Lake Lucerne except for C. nobilis, where only specimens of 5 years of age or older were 
caught. The average standard length at 3 years of age of C. litoralis (range = 325–392 mm, 

Figure 3. Coregonus litoralis, Lake Lucerne, Switzerland. Contemporary (A–C) and historical (D, E) 
specimens A holotype, NMBE-1078103, 326 mm SL, male, freshly caught specimen (right side, reversed) 
B, C holotype, NMBE-1078103, preserved specimen D, E paratype, MHNG-717.046, 361.5 mm SL. 
Scale bars: 1 cm.
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mean = 353 mm) is larger than that of C. muelleri (160–232 mm, 194 mm), C. suspensus 
(266–315 mm, 289 mm) and C. intermundia (243–300 mm, 273 mm) (Suppl. materi-
al 1: table S3). The differential diagnoses against contemporary specimens of C. sarnensis 
from Lake Sarnen and against historical specimens of the three whitefish species from 
Lake Zug and C. suidteri from Lake Sempach are given under those species’ account.

Coregonus litoralis – Coregonus intermundia
The specimens of C. litoralis differ from those of C. intermundia in being deep-

er bodied (23.4–30% SL, mean = 26.9 vs. 21.6–27.1% SL, mean = 23.9) and hav-
ing a smaller eye (eye diameter: 18.2–21.4% HL, mean = 20.2 vs. 20.4–23.3% HL, 
mean = 22.1) (Tables 2, 3). Based on ratios C. litoralis can be distinguished from 
C. intermundia by a larger ‘predorsal length / eye diameter’ ratio (PreD/ED: 10.89–
12.75 vs. 9.92–10.59) and a larger ‘snout length / maxilla length’ ratio (SN/M: 
1.17–1.39 vs. 1.02–1.17) (Table 10).

Coregonus litoralis – Coregonus suspensus
Coregonus litoralis differs from C. suspensus by being deeper bodied (23.4–30% 

SL, mean = 26.9 vs. 21.5–25.1% SL, mean = 23.6), having a longer dorsal fin base 
(11.9–15.1% SL, mean = 13.4 vs. 10.5–12.1% SL, mean = 11.3), a deeper caudal 
peduncle (7.5–8.4% SL, mean = 8.1 vs. 7.1–7.5% SL, mean = 7.3), a smaller eye 
(eye diameter: 18.2–21.4% HL, mean = 20.2 vs. 21.1–22.3% HL, mean = 21.8), a 
deeper head (70.1–77.9% HL, mean = 73.8 vs. 63.6–70.8% HL, mean = 67.5) and 
shorter gill rakers (middle gill raker: 7.8–11.8% HL, mean = 10 vs. 11.5–14.3% HL, 
mean= 13.1; longest gill raker: 9.2–13.1% HL, mean = 11 vs. 13.2–16.4% HL, mean 
= 14.7) (Tables 2, 4). Coregonus litoralis can be distinguished from C. suspensus based 
on a larger ‘caudal peduncle depth / upper jaw width’ ratio (CD/UJW: 1.74–1.97 vs. 
1.5–1.68) and a larger ‘caudal peduncle depth / predorsal length’ ratio (CD/PreD: 
0.16–0.18 vs. 0.15–0.16) (Table 10).

Coregonus litoralis – Coregonus nobilis
Coregonus litoralis can be differentiated from C. nobilis by being deeper bodied 

(23.4–30% SL, mean = 26.9 vs. 20.7–25.5% SL, mean = 23.8), having a longer dor-
sal fin base (11.9–15.1% SL, mean = 13.4 vs. 10.3–12.6% SL, mean = 11.2), a an-
teriorly longer erected and depressed dorsal fin (erected dorsal fin: 16.9–20.9% SL, 
mean = 18.9 vs. 15.3–17.2% SL, mean = 16.3; depressed dorsal fin: 17.6–22.6% SL, 
mean = 20.4 vs. 16.7–18.8% SL, mean = 17.8), a deeper caudal peduncle (7.5–8.4% 
SL, mean = 8.1 vs. 6.3–7.6% SL, mean = 6.8) and shorter gill rakers (middle gill 
raker: 7.8–11.8% HL, mean = 10 vs. 10.2–16.6% HL, mean= 13.4; longest gill raker: 
9.2–13.1% HL, mean = 11 vs. 10.6–17% HL, mean = 14.2) (Tables 2, 5). Based on 
ratios C. litoralis differs from C. nobilis by having a larger ‘caudal peduncle depth / 
postdorsal length’ ratio (CD/PostD: 0.17–0.21 vs. 0.14–0.16) and a smaller ‘pectoral 
fin length / length of erected anterior part of dorsal-fin’ ratio (PecF2/DFAe: 0.84–0.92 
vs. 0.94–1.1) (Table 10).
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Table 2. Morphological and meristic data of Coregonus litoralis from Lake Lucerne, NMBE-1078097 
holotype, contemporary specimen; paratypes of contemporary specimens N = 12 and paratypes of his-
torical specimens N = 7. For males and both sexes the holotype is included in the range and mean of the 
contemporary specimens.

Species Coregonus litoralis
Morphological characters Contemporary specimens Historical specimens

Holotype Holotype + Paratypes Paratypes Holotype + Paratypes
Ntotal = 13 * Nfemales = 5 ** Nmales = 8 Ntotal = 7 ***

mean range mean range mean range mean range
Standard length (mm) 326 328 304–363 322 304–337 332.5 312–363 321.5 222–392
Percentage of standard length
Pelvic fin base 4.8 4 3.6–4.8 4 3.6–4.4 4.6 4.1–4.8 4.6 3.9–5.3
Pelvic fin ‚spine‘ length 7.7 6.3 5.3–7.7 6.2 5.7–6.6 6.5 5.3–7.7 6.3 5.2–6.7
Pelvic fin length 16.5 15.9 14.2–17.2 15.4 14.2–16.3 16.3 15.4–17.2 17.3 14.9–21.5
Pectoral fin base 3.7 3.4 3–3.7 3.3 3–3.6 3.4 3.1–3.7 3.5 3.1–3.9
Pectoral fin 1 length 16.2 15.8 14.3–17 15.5 14.3–16.5 16 15.3–17 17.4 14.5–21.6
Pectoral fin 2 length 17.4 16.7 15–17.9 16.2 15–17.4 16.9 15.9–17.9 17.5 15.2–21.4
Dorsal fin base 13.4 13.4 11.9–15.1 13 11.9–13.6 13.7 12.6–15.1 11.7 9–13.2
Length of anterior part of 
dorsal fin erected

19.3 18.9 16.9–20.9 18.7 16.9–19.8 19.1 17.3–20.9 19.1 17.1–23.1

Length of anterior part of 
dorsal fin depressed

20.5 20.4 17.6–22.6 20 17.6–21.1 20.7 18.7–22.6 20.2 18.3–23.4

Length of posterior part of 
dorsal fin erected

5.8 5.5 4.5–6 5.1 4.5–5.6 5.8 4.8–6 5.9 5.5–6.5

Anal fin base 12.4 12.8 11.3–14.4 12.2 11.3–13.4 13.2 12.4–14.4 11.5 9.5–13.3
Length of anterior part of 
the anal fin

13.2 12.9 11.1–14.1 12.6 11.1–13.6 13.1 12.4–14.1 12.7 10.3–15.9

Adipose fin base 5.6 5 3.8–5.8 5.1 4.5–5.5 4.9 3.8–5.8 5.7 4.4–7.8
Caudal fin length 24.1 23.2 20.8–24.4 23.1 23–23.3 23.2 20.8–24.4 20.7 na
Caudal peduncle depth 8.4 8.1 7.5–8.4 8 7.5–8.3 8.1 7.6–8.4 7.7 6.9–8.5
Caudal peduncle length 12.1 12.6 11.5–14.3 13.1 12.3–14.3 12.2 11.5–13.1 13.9 12–15.4
Length from posterior part of 
adipose fin to caudal fin base

18.7 18.2 16.7–19.8 18.7 17.3–19.8 17.9 16.7–18.7 19.3 15.8–22.9

Dorsal head length 15.2 14.3 13.2–15.2 14 13.2–14.3 14.6 14–15.2 15.2 14.4–17.9
Prepelvic length 52.2 50.9 47.8–54.2 51.1 50–52.1 50.7 47.8–54.2 52.0 45.5–62.3
Preanal length 77 76.5 75.3–78.9 77.2 76–78.9 76.1 75.3–77 78.7 73–93.5
Predorsal length 49.9 46.5 43.5–49.9 46 43.5–49.1 46.8 45.5–49.9 50.2 46.3–58.5
Body depth 26.6 26.9 23.4–30 28.1 26–30 26.1 23.4–27.5 26.2 21.8–29.9
Postdorsal length 40.2 42.1 40–45.2 42.9 40.4–45.2 41.7 40–43.6 44.7 39.9–48.3
Head length 20.7 19.9 19.2–20.9 19.8 19.2–20.4 20 19.2–20.9 21.9 20.9–24.7
Total length 121.2 119.9 117.7–121.8 119.9 118.8–121 119.9 117.7–121.8 118.5 na
Head length (mm) 67.5 65.5 59.4–69.6 63.8 59.4–66.5 66.5 62.1–69.6 65.6 46.6–82.1
Percentage of head length
Snout length 24.5 24.1 22.1–25.9 24.2 22.1–25.9 24.1 23.3–24.5 23.4 19–29
Eye diameter 20 20.2 18.2–21.4 20.2 19.3–20.8 20.2 18.2–21.4 20.4 17.9–22.7
Eye cavity 24.3 24.6 22.7–26 24.6 23.9–25.7 24.5 22.7–26 26.0 24.1–27.7
Eye height 20.8 21.5 20.2–23.7 21.5 20.6–22.8 21.5 20.2–23.7 22.2 20.3–24.8
Eye socket 4.9 4.1 3–4.9 4.1 3.8–4.5 4.1 3–4.9 4.6 3.7–5.7
Postorbital length 52.1 52.9 51.1–55 53.6 52.6–55 52.5 51.1–54.5 53.5 51.6–56.2
Head depth 71.3 73.8 70.1–77.9 73.4 70.1–76.7 74.1 71.2–77.9 72.5 68.1–77.1
Mouth width 9.4 9.4 8.6–10.1 9.5 8.8–10.1 9.3 8.6–9.8 10.2 8.6–11.3
Upper jaw length 26.7 26.6 25.3–29.6 26.8 25.6–29.6 26.4 25.3–27.6 27.8 25.6–30.7
Lower jaw length 40.9 39.6 36.8–42.5 39.7 36.9–42.5 39.6 36.8–41.6 39.4 36.9–44.5
Length of maxilla 19.7 19.1 17.4–20.5 19.4 17.9–20.5 18.8 17.4–20.4 20.5 18.7–23
Snout depth 10.1 8.6 6.9–10.5 8.4 6.9–10.5 8.7 7.6–10.3 9.1 7.3–11.4
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Species Coregonus litoralis
Morphological characters Contemporary specimens Historical specimens

Holotype Holotype + Paratypes Paratypes Holotype + Paratypes
Ntotal = 13 * Nfemales = 5 ** Nmales = 8 Ntotal = 7 ***

mean range mean range mean range mean range
Snout width 15.2 14.9 13.1–17.2 14.8 13.5–15.5 15 13.1–17.2 15.3 13.2–18.8
Head width 48.7 49.1 46.4–51.2 49.1 47.6–50.5 49.1 46.4–51.2 50.1 45–55
Interorbital width 28.8 28.2 26.3–29.8 27.8 26.3–28.8 28.5 26.8–29.8 28.1 23.5–31.3
Internarial width 13.5 12.4 11–13.5 12.4 11.3–13.5 12.3 11–13.5 12.9 10.7–14.5
Lower jaw length 8.1 8 6.7–8.8 7.8 6.7–8.8 8.1 7.3–8.7 8.1 6.9–9.2
Lower jaw width 22.4 21.7 20.7–24.3 21.3 20.7–21.7 22 20.8–24.3 23.1 21.7–25.3
Middle gill raker length 9.1 10 7.8–11.8 10.5 9.2–11.8 9.7 7.8–11.4 11.1 8.9–13.4
Longest gill raker length 10.1 11 9.2–13.1 11.6 9.4–13.1 10.6 9.2–12.2 11.7 9.1–14.2
Upper arch length 15.5 17.3 14.9–19.9 17.6 14.9–19.9 17.1 15.5–19.5 17.7 na
Lower arch length 32.7 32.3 30.8–34.3 32.1 31.6–33.4 32.5 30.8–34.3 34.3 na

*  N=10 for CF, TL ** N=2 for CF, TL  *** N=6 for SL, PELVB, PELFS, PELVF, PECFB, PECF2, DFB, DFAe, AFB, AFPe, AdFB, CD, 
PAdC, DHL, PreP, PreA, PreD, BD, PostD, H; N=5 for PECF1, DFPe, DFPd, CL; N=4 for HL; N=1 for CF, TL, UA, LA.

Coregonus litoralis – Coregonus muelleri
Contemporary specimens: Coregonus litoralis differs from C. muelleri by hav-

ing strong pigmentation of all fins vs. none or very little pigmentation of the pec-
toral, anal, caudal and dorsal fin in C. muelleri, by being deeper bodied (23.4–30% 
SL, mean = 26.9 vs. 19.8–24.9% SL, mean = 21.9), having a longer dorsal fin base 
(11.9–15.1% SL, mean = 13.4 vs. 9.2–12.7% SL, mean = 11), a shorter adipose fin 
base (3.8–5.8% SL, mean = 5 vs. 4.6–8.5% SL, mean = 6), a shorter head (19.2–
20.9% SL, mean = 19.9 vs. 20.3–23.5% SL, mean = 22), a smaller eye (eye diameter: 
18.2–21.4% HL, mean = 20.2 vs. 22.2–26% HL, mean = 24.1; eye cavity: 22.7–26% 
HL, mean = 24.6 vs. 26.4–31.1% HL, mean = 27.7), eye socket shape (sickle cell-
shaped vs. roundish), deeper head (70.1–77.9% HL, mean = 73.8 vs. 59.6–70.8% 
HL, mean = 63.7), a shorter lower jaw (36.8–42.5% HL, mean = 39.6 vs. 40.3–
45.8% HL, mean = 42.7), a shorter maxilla (17.4–20.5% HL, mean = 19.1 vs. 19.4–
24% HL, mean = 21.4), a deeper snout (6.9–10.5% HL, mean = 8.6 vs. 4.9–8.7% 
HL, mean = 7), a wider head (46.4–51.2% HL, mean = 49.1 vs. 37.2–48.7% HL, 
mean = 43.8) and shorter gill rakers (middle gill raker: 7.8–11.8% HL, mean = 10 vs. 
9.6–15.9% HL, mean = 13.5; longest gill raker: 9.2–13.1% HL, mean = 11 vs. 12.5–
16.7% HL, mean = 14.5) (Tables 2, 6). Based on ratios C. litoralis can be distinguished 
from C. muelleri by having a larger ‘caudal peduncle depth / eye diameter’ ratio (CD/
ED: 1.87–2.25 vs. 1.12–1.43) and a larger ‘head depth / snout width’ ratio (HD/SW: 
4.45–5.55 vs. 3.45–4.45) (Table 10).

Historical specimens: Coregonus litoralis differs from C. muelleri by being 
deeper bodied (21.8–29.9% SL, mean = 26.2 vs. 20–24.7% SL, mean = 22.5), 
having a deeper caudal peduncle (6.9–8.5% SL, mean = 7.7 vs. 6.1–6.8% SL, 
mean = 6.5), smaller eye (eye diameter: 17.9–22.7% HL, mean = 20.4 vs. 23.2–
26.6% HL, mean = 24.3; eye cavity: 24.1–27.7% HL, mean = 26 vs. 27–31.9% 
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HL, mean = 29.2; eye height: 20.3–24.8% HL, mean = 22.2 vs. 23.5–28.3% 
HL, mean = 25.3), longer postorbital length (51.6–56.2% HL, mean = 53.5 vs. 
47.4–51.9% HL, mean = 49.9), a deeper head (68.1–77.1% HL, mean = 72.5 vs. 
61.8–69.7% HL, mean = 65.2), more transverse dorsal scales (10–11, mode = 10 
vs. 8–9, mode = 9) and less gill rakers (upper arch gill raker number: 7–11 vs. 13–
16; lower arch gill raker number: 12–22 vs. 22–25; total gill raker number: 19–33 
vs. 36–39) (Tables 2, 6, 12, 13). The contemporary gill raker range of C. litoralis 
(24 to 32, modes = 26 and 30) overlaps mostly with the historical gill raker ranges 
given in Fatio (1890: 23–28), Birrer and Schweizer (1938: 23–30, mode = 26) 
and Steinmann (1950: 20–31) and counted on historical specimens (this study: 
19–33). Based on ratios C. litoralis can be distinguished from C. muelleri by having 
a larger ‘caudal peduncle depth / dorsal head length’ ratio (CD/DHL: 0.46–0.58 
vs. 0.37–0.44) (Table 11).

Distribution and notes on biology. Coregonus litoralis occurs in all basins of 
Lake Lucerne (Fig. 2). Based on genetic assignments it has been identified to be 
present in Lake Sarnen (Suppl. material 1: figs S2, S3). It is unclear if C. litoralis 
occurs naturally in Lake Sarnen or has been introduced (this is discussed in more 
detail in the Suppl. material 1: paragraph 1). Coregonus litoralis feeds predominantly 
on benthic prey (e.g., chironimid, pisidium) and parts of the year on zooplankton 
(e.g., bythotrephes, daphnia) (stomach content: Cysat 1661; Birrer and Schweizer 
1938; isotopic signature: Selz 2008; Hudson 2011; Ingram et al. 2012). Feeding 
experiments with individuals of this species and other whitefish species from lakes 
Thun and Lucerne (Lundsgaard-Hansen et al. 2013; Roesch et al. 2013) suggest – 
based on the functional properties of the number of gill rakers – that the low-rakered 
C. litoralis feeds predominantly on benthic prey. Coregonus litoralis has a fast growth 
rate (Svarvar and Müller 1982; Müller et al. 2007) and is a large whitefish species. 
The size (i.e., standard length) at 3 years of age of C. litoralis is larger than that 
of C. suspensus and C. intermundia and considerably larger than that of C. muelleri 
(Suppl. material 1: table S3). We cannot compare its size to C. nobilis since only older 
individuals of C. nobilis have been caught (Hudson et al. 2016). Coregonus litoralis 
has a short spawning season in winter. The peak spawning period varies over the years 
from mid-November to late December, which has been attributed to a decrease in 
lake water temperature below 7–8 °C (per. comm. from fisheries authorities of Lake 
Lucerne; Birrer and Schweizer 1938). The spawning season lasts for approximately 
two weeks and the spawning depth is mostly in very shallow waters (1–5 m) but can 
reach down to 30 m and rarely to 40 m in the main basins of Lake Lucerne excluding 
Lake Alpnach (Birrer and Schweizer 1938; Steinmann 1950; Hudson et al. 2016). In 
all the basins of Lake Lucerne except Lake Alpnach the spawning depth of C. litoralis 
overlaps with that of C. intermundia (Hudson et al. 2016). Populations of C. litoralis 
in Lake Alpnach usually spawn earlier in the year than in the rest of Lake Lucerne, 
which has been suggested to be due to a more rapid cooling of the lake water in Lake 
Alpnach than in the rest of the basins of Lake Lucerne (Svarvar and Müller 1982; 
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A. von Deschwanden and A. Blättler, pers. comm.). Coregonus litoralis mostly spawns 
though next to the entrance of Lake Alpnach in the adjacent basin ‘Kreuztrichter’ and 
less so directly in Lake Alpnach (this is discussed in more detail in the Suppl. material 
1: paragraph 2). The spawning behaviour of C. litoralis has been recorded by Selz and 
Hofmann (2018). The video by Selz and Hofmann (2018) shows communal pair-
spawning behaviour whereby a female is often accompanied by up to three males. 
Towards the end of the video a pair spawning event can be observed in which the 
female and male align side by side and synchronically dart from near the bottom up 
towards the surface. This is the first observation of this behaviour in pre-alpine white-
fish species; it had previously only been observed in the vendace (Coregonus albula) in 
an experimental setting (Karjalainen and Marjomäki 2017).

Etymology. The specific name in Latin means ‘coming from the shore’. The name 
refers to the specific spawning habitat of this species, spawning in very shallow water 
of a few metres close to or directly at the lake shore. An adjective.

Common names. Balchen, Bodenbalchen.

Coregonus intermundia sp. nov.
https://zoobank.org/DC385078-9965-4DF9-AB15-031FF2D2516E
Figs 4, 14, Tables 3, 10, 12–14, Suppl. material 1: figs S2, S3, tables S1–S3

Coregonus sp. ‘benthic intermediate’: Hudson et al. 2016.
Coregonus sp. ‘Schwebbalchen’: Vonlanthen et al. 2012; Alexander et al. 2017a (see also 

synonymy of C. suspensus).

Material examined. Holotype. Contemporary specimen (year: 2007): NMBE-
1078097, 274 mm SL, male; Switzerland: Lake Lucerne. Paratypes. All from Swit-
zerland, Lake Lucerne: Contemporary specimens (year: 2007): NMBE-1078076, 
NMBE-1078077, NMBE-1078078, NMBE-1078084, NMBE-1078086-1078090, 
NMBE-1078093-1078096, N =13, 232–278 mm SL.

Diagnosis. Coregonus intermundia is a medium-sized whitefish (standard length 
at 3 years of age: range = 243–300 mm, mean = 273) with moderate pigmentation of 
all fins and the body; greenish blue colour on the flanks above the lateral line; moder-
ate number of pigmented small dots on the scales along the flank; short head (19.1–
21.5% SL, mean = 20.3); sub-terminal mouth; thick (3.4–5.7% HL, mean = 4.4) 
and triangular-shaped eye socket; rather short and stout caudal peduncle (caudal 
peduncle depth: 7–8.3% SL, mean = 7.5; caudal peduncle length: 11.6–14.4% SL, 
mean = 12.9).

Description. Shape: Only slightly deep bodied with greatest body depth ante-
rior of dorsal fin. Dorsal profile from tip of snout to anterior origin of dorsal fin 
and ventral profile from interorbital area to pelvic fin origin are moderately convex. 
Head moderately short. Mouth moderately long and mostly sub-terminal and rarely 

https://zoobank.org/DC385078-9965-4DF9-AB15-031FF2D2516E
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terminal. Lower jaw moderately wide. Rostral plate equally wide as deep, not strongly 
pronounced with tip of the snout often more pointed than blunt. Eye-socket thick 
and sickle cell-shaped. Pectoral fin moderately tapered and moderately short. Dorsal 
fin rather short with anterior unbranched ray of erected dorsal fin mostly 70–80° 
angle to body axis, almost straight and only very slightly bent posteriorly at end of 
the ray. Dorsal fin longest anteriorly and progressively shortening posteriorly with 
outer margin of dorsal fin mostly straight and rarely concave. Caudal peduncle stout 
and moderately short with caudal fin moderately forked. Unbranched rays of anal fin 
slightly bent posteriorly. Anal fin longest anteriorly and progressively shortening pos-
teriorly with outer margin of anal fin mostly straight and only rarely slightly concave. 
Meristics: Moderately many and moderately long gill rakers. Colour: Pigmentation 
of fins and body overall moderately strong in live specimens. Pectoral fin slightly pig-
mented at distal parts of fin. Pelvic fin moderately pigmented at the median to distal 
parts of fin. All other fins strongly pigmented. Silvery appearance along flanks with 
moderate number of pigmented small dots (aggregation of melanophores) on scales 
along flank and dorsum. Distribution of dots bound to scale patterning such that dots 
are found at edge of the scales or at boundary point of two scales. Dorsally above the 
lateral line the silvery appearance changes to a pale greenish to dark greenish blue col-
our and sometimes with pale mustard yellow ground colour. Dorsal part of head and 
snout around nostrils moderately pigmented. Pre-operculum and operculum silvery 
with one black spot on lower margin of pre-operculum. Preserved specimens pale in 
colouration with similar pigmentation as described for live specimens. The silvery, 
translucent, not coloured or unpigmented parts of body become yellowish brown, 
whereas pigmented parts are conserved and coloured parts (dorsally above the lateral 
line) become brownish.

Differential diagnosis. The differential diagnosis against C. litoralis and C. sarnensis 
are given under those species’ accounts.

Coregonus intermundia – Coregonus suspensus
Coregonus intermundia can be distinguished from C. suspensus based on having a 

smaller ‘predorsal length / eye diameter’ ratio (PreD/ED: 9.92–10.59 vs. 10.73–11.4) 
(Table 10).

Coregonus intermundia – Coregonus nobilis
Coregonus intermundia differs from C. nobilis by having an anteriorly longer 

erected and depressed dorsal fin (erected dorsal fin: 16.7–19.9% SL, mean = 18.2 vs. 
15.3–17.2% SL, mean = 16.3; depressed dorsal fin: 18.2–21.5% SL, mean = 19.7 vs. 
16.7–18.8% SL, mean = 17.8), a shallower snout (5.2–10.8% HL, mean = 8.3 vs. 
7.9–12.4% HL, mean = 10.5) and head (43.5–49.8% HL, mean = 46.4 vs. 46.2–55% 
HL, mean = 50.6 (Tables 3, 5). Based on ratios C. intermundia differs from C. nobilis 
by having a larger ‘caudal peduncle depth / head width’ ratio (CD/HW: 0.77–0.87 vs. 
0.63–0.77) (Table 10).



Oliver M. Selz & Ole Seehausen  /  ZooKeys 1144: 95–169 (2023)114

Table 3. Morphological and meristic data of Coregonus intermundia from Lake Lucerne, NMBE-
1078097 holotype, contemporary specimen; paratypes of contemporary specimen N = 13. For males and 
both sexes the holotype is included in the range and mean.

Species Coregonus intermundia
Morphological characters Holotype Holotype + Paratypes Paratypes Holotype + Paratypes

Ntotal = 14 * Nfemales = 3 Nmales = 11 **
mean range mean range mean range

Standard length (mm) 274 262.4 232–278 249.3 237–260 266 232–278
Percentage of standard length
Pelvic fin base 4.1 4 3.4–4.7 3.7 3.4–3.8 4 3.4–4.7
Pelvic fin ‚spine‘ length 6.5 6.5 5.6–7.6 6.7 6.2–7.6 6.4 5.6–7.2
Pelvic fin length 15.4 16 15–17.5 16.1 15.7–16.9 16 15–17.5
Pectoral fin base 3 3.2 2.9–3.6 3.1 2.9–3.1 3.2 3–3.6
Pectoral fin 1 length 15.7 16 15.2–16.9 15.8 15.3–16.7 16 15.2–16.9
Pectoral fin 2 length 16.2 16.7 15.9–18.2 16.9 16.4–17.2 16.6 15.9–18.2
Dorsal fin base 12.4 12.2 10.6–16.2 11.3 11–11.4 12.4 10.6–16.2
Length of anterior part of dorsal fin erected 18.3 18.2 16.7–19.9 18.1 17.6–18.9 18.2 16.7–19.9
Length of anterior part of dorsal fin depressed 19.4 19.7 18.2–21.5 19.8 19.4–20.2 19.6 18.2–21.5
Length of posterior part of dorsal fin erected 4.6 5.6 4.5–6.4 6 5.9–6.1 5.4 4.5–6.4
Anal fin base 12 12.4 10.8–13.8 12.1 11.5–12.5 12.4 10.8–13.8
Length of anterior part of the anal fin 11.9 12.1 11.1–12.8 11.9 11.5–12.2 12.1 11.1–12.8
Adipose fin base 5.1 5.4 4.1–6.7 5.5 5.2–5.9 5.4 4.1–6.7
Caudal fin length 23.7 23.4 21.1–24.9 23.7 23.3–24.4 23.3 21.1–24.9
Caudal peduncle depth 7.4 7.5 7–8.3 7.6 7.3–7.9 7.5 7–8.3
Caudal peduncle length 11.9 12.9 11.6–14.4 12.5 11.9–13.2 13 11.6–14.4
Length from posterior part of adipose fin to 
caudal fin base

19 18.8 17.5–19.8 18.5 18.2–18.9 18.9 17.5–19.8

Dorsal head length 13.4 14.4 13.4–15.6 14.6 14.1–14.9 14.3 13.4–15.6
Prepelvic length 51.8 50.9 46.5–53.8 53.1 52.6–53.8 50.3 46.5–53.5
Preanal length 78.1 77.3 75.4–80.1 78.4 76.8–80.1 77 75.4–78.5
Predorsal length 44.8 46 42.6–48.4 47 46.1–48.4 45.8 42.6–48.2
Body depth 23.3 23.9 21.6–27.1 24.4 21.7–27.1 23.8 21.6–26
Postdorsal length 43.2 44.5 41.7–47.3 44 41.7–45.6 44.7 42.7–47.3
Head length 20 20.3 19.1–21.5 20.2 19.9–20.4 20.3 19.1–21.5
Total length 119.5 121 117.6–123.1 121.9 121.1–123.1 120.7 117.6–122.3
Head length (mm) 54.9 53.3 46.1–58.7 50.4 48.4–52.9 54 46.1–58.7
Percentage of head length
Snout length 23.6 22.9 21.1–24.5 23.3 22.8–24.5 22.7 21.1–24.4
Eye diameter 21.2 22.1 20.4–23.3 22.7 22.4–22.9 21.9 20.4–23.3
Eye cavity 25.7 25.9 23.8–27.9 26.5 26.2–26.8 25.8 23.8–27.9
Eye height 21.8 22.4 20.6–24.7 23.1 22.9–23.5 22.2 20.6–24.7
Eye socket 3.9 4.4 3.4–5.7 4.5 3.6–5.2 4.4 3.4–5.7
Postorbital length 52.3 52.6 50.2–55.8 51.7 51.3–52.3 52.8 50.2–55.8
Head depth 62.9 68.3 62.9–75 69.5 66.9–70.8 68 62.9–75
Mouth width 9 9.5 8.7–10.8 9.8 9.3–10.4 9.4 8.7–10.8
Upper jaw length 29.1 28.1 23.7–30.4 27.3 25–29.9 28.2 23.7–30.4
Lower jaw length 40.4 39.9 38.8–42 39.6 38.8–40.2 40 39.2–42
Length of maxilla 20.6 20.6 18.2–22.3 20.5 19.8–21.2 20.7 18.2–22.3
Snout depth 10 8.3 5.2–10.8 7.9 7.4–8.3 8.4 5.2–10.8
Snout width 14.8 16.1 14.8–18.2 16.2 15.8–16.7 16.1 14.8–18.2
Head width 47 46.4 43.5–49.8 45.3 44.1–46.3 46.7 43.5–49.8
Interorbital width 27.6 27.4 25.4–29.6 27 26.3–27.7 27.5 25.4–29.6
Internarial width 10.2 11.8 10–14.1 12.1 10.6–13.6 11.8 10–14.1
Lower jaw length 7.8 7.6 6.2–9.1 7.4 7.1–7.6 7.6 6.2–9.1
Lower jaw width 22.2 22 20.7–23.8 21.7 21.1–22.7 22.1 20.7–23.8
Middle gill raker length 10 11.9 10–13.6 12.7 11.7–13.3 11.6 10–13.6
Longest gill raker length 10.4 13.1 10.4–16.7 13.7 13.2–14.2 12.9 10.4–16.7
Upper arch length 13 18.4 13–20.6 18.5 17.2–19.7 18.4 13–20.6
Lower arch length 28.3 33.2 28.3–36.3 33 30.1–35.8 33.2 28.3–36.3
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Figure 4. Coregonus intermundia, Lake Lucerne, Switzerland A holotype, NMBE-1078097, 274 mm SL, 
male, freshly caught specimen, (right side, reversed) B, C holotype, NMBE-1078097, preserved specimen 
D non-type, Eawag-124308, Lake Lucerne, 316 mm SL, male. Scale bars: 1 cm.

Coregonus intermundia – Coregonus muelleri
Coregonus intermundia differs from C. muelleri by having strong pigmentation of all 

fins vs. none or very little pigmentation of the pectoral, anal, caudal and dorsal fin in 
C. muelleri, by having a deeper caudal peduncle (7–8.3% SL, mean = 7.5 vs. 6.3–7.4% SL, 
mean = 6.9), a shorter head (19.1–21.5% SL, mean = 20.3 vs. 20.3–23.5% SL, mean = 22), 
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smaller eye (eye diameter: 20.4–23.3% HL, mean = 22.1 vs. 22.2–26% HL, mean = 24.1; 
eye cavity: 23.8–27.9% HL, mean = 25.9 vs. 26.4–31.1% HL, mean = 27.7), differ-
ently shaped eye socket (sickle cell-shaped vs. roundish), a longer postorbital length (50.2–
55.8% HL, mean = 52.6 vs. 48.4–52.6% HL, mean = 50.6) and a shorter lower jaw 
(38.8–42% HL, mean = 39.9 vs. 40.3–45.8% HL, mean = 42.7) (Tables 3, 6). Based on 
ratios C. intermundia differs from C. muelleri by having a larger ‘caudal peduncle depth / 
eye diameter’ ratio (CD/ED: 1.53–1.84 vs. 1.12–1.43) (Table 10). Furthermore, the aver-
age standard length at 3 years of age differentiates C. intermundia (range = 243–300 mm, 
mean = 273) from C. muelleri (160–232 mm, 194 mm). (Suppl. material 1: table S3).

Distribution and notes on biology. Coregonus intermundia occurs in all basins of 
Lake Lucerne (Fig. 2) except possibly in Lake Alpnach. It has been caught during the 
spawning season in all basins except for Lake Alpnach, where no nets were set by Hudson 
et al. (2016). There is no isotopic or stomach content data available for C. intermundia 
to infer the prey spectrum of this species. Coregonus intermundia is a medium-sized 
whitefish species and the size (i.e., standard length) at 3 years of age of C. intermundia 
is smaller than that of C. litoralis, considerably larger than that of C. muelleri and al-
most equal to that of C. suspensus (Suppl. material 1: table S3). We cannot compare 
its size to C. nobilis since only older individuals of the latter species have been caught 
(Hudson et al. 2016). Coregonus intermundia has most likely a short spawning season 
in winter around the month of December. The spawning season lasts for approximately 
two weeks and the spawning depth is mostly in shallow waters (10–30 m, rarely 40 m; 
Hudson et al. 2016). The spawning depth of C. intermundia overlaps partially with that 
of C. litoralis, with the former spawning deeper than the latter (Hudson et al. 2016).

Etymology. The specific name intermundia means in Latin ‘spaces between the 
worlds’. It refers to the observation that this species is intermediate to C. litoralis and 
C. suspensus in its ecology and in some morphological characters. A noun in apposition.

Common name. This species was not recognised by local fisheries, fisheries au-
thorities, researchers, or the public before the works of Lundsgaard-Hansen (2009) 
and Hudson et al. (2016), who named the species as Coregonus sp. ‘benthic-intermedi-
ate’ (In German: ‘benthischer Schwebbalchen’).

Coregonus suspensus sp. nov.
https://zoobank.org/6063EEA5-E663-484D-A61F-6B349E18F81F
Figs 5, 14, Tables 4, 10, 12–14, Suppl. material 1: figs S2, S3, tables S1–S3

Coregonus sp. ‘pelagic intermediate’: Hudson et al. 2016.
Coregonus sp. ‘Schwebbalchen’: Vonlanthen et al. 2012; Alexander et al. 2017a (see also 

synonymy of C. intermundia).

Material examined. Holotype. Contemporary specimen (year: 2007): NMBE-
1078100, 258.5 mm SL, male; Switzerland: Lake Lucerne. Paratypes. All from 
Switzerland, Lake Lucerne: Contemporary specimens (years: 2007): NMBE-1078081, 
NMBE-1078082, NMBE-1078099, NMBE-1078101, N = 4, 255–301.5 mm SL.

https://zoobank.org/6063EEA5-E663-484D-A61F-6B349E18F81F
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Diagnosis. Coregonus suspensus is a medium-sized whitefish (standard length at 3 
years of age: range = 266–315 mm, mean = 289 mm) with weak pigmentation of the 
pectoral fin and moderate pigmentation of all other fins and body; greenish blue colour 
on the flanks above the lateral line; none to a few pigmented small dots on the scales on 
the flanks; tip of the snout pointy; triangular eye socket; many and moderately long gill 
rakers (longest gill raker: 13.2–16.4% HL; total gill rakers number = 33–37).

Description. Shape: Only slightly deep bodied with greatest body depth anterior 
of dorsal fin. Dorsal profile from the tip of snout to anterior origin of dorsal fin and 
ventral profile from interorbital area to pelvic fin origin is straight and only rarely is 
dorsal profile from tip of snout to interorbital area slightly convex. Head moderately 
short. Mouth moderately long and subtly sub-terminal. Lower jaw moderately wide. 
Rostral plate equally wide as deep, not strongly pronounced with tip of snout often 
more pointed than blunt. Eye-socket moderately thick and sickle cell-shaped. Pectoral 
fin moderately tapered and moderately short. Dorsal fin rather short with anterior 
unbranched ray of erected dorsal fin mostly 60–70° angle to body axis and slightly 
bent posteriorly. Dorsal fin longest anteriorly and progressively shortening posteriorly 
with outer margin of dorsal fin mostly concave and rarely straight. Caudal pedun-
cle moderately stout with caudal fin moderately forked. Unbranched rays of anal fin 
moderately bent posteriorly. Anal fin is longest anteriorly and progressively shorten-
ing posteriorly with outer margin of anal fin mostly concave and only rarely straight. 
Meristics: Many and long gill rakers. Colour: Pigmentation of fins and body overall 
moderately strong in live specimens. Pectoral fin slightly pigmented at distal parts of 
fin. Pelvic fin moderately pigmented at median to distal parts of fin. All other fins 
strongly pigmented. Silvery appearance along flanks with few pigmented small dots 
(aggregation of melanophores) on scales along flank and dorsum. Distribution of dots 
bound to scale patterning such that dots are found at edge of scales or at boundary 
point of two scales. Dorsally above the lateral line silvery appearance changes to a pale 
greenish or dark greenish blue colour. Dorsal part of head and snout around nostrils 
moderately pigmented. Pre-operculum and operculum are silvery with one black spot 
on lower margin of pre-operculum. Preserved specimens pale in colouration with simi-
lar pigmentation as described for live specimens. Silvery, translucent, not coloured or 
unpigmented parts of the body brown-yellowish, whereas pigmented parts conserved 
and coloured parts (dorsally above lateral line) brownish.

Differential diagnosis. The differential diagnoses against C. litoralis, C. intermun-
dia, and C. sarnensis are given under those species’ accounts. Coregonus suspensus shows 
genetic ancestry contributions from whitefish of Lake Constance, besides its Lake Lu-
cerne ancestry (Douglas and Brunner 2002; Lundsgaard-Hansen 2009; Hudson et 
al. 2016; De-Kayne et al. 2022; this study). These seem to derive from historically 
documented introductions of fry of whitefish species from Lake Constance into Lake 
Lucerne (Svarvar and Müller 1982). Due to the uncertainty of the species origin of 
the translocated fry and the possibility that there may have been more historically 
undocumented introductions of other whitefish from Lake Constance we compare the 
characters of this species with those of all whitefish species from Lake Constance and 
all other whitefish species in Lake Lucerne.
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Coregonus suspensus – Coregonus nobilis
Coregonus suspensus differs from C. nobilis by having an anteriorly longer depressed 

dorsal fin (18.2–19.8% SL, mean = 19.1 vs. 16.7–18.8% SL, mean = 17.8), a shal-
lower head (63.6–70.8% HL, mean = 67.5 vs. 65.9–77.8% HL, mean = 71.2) and 

Figure 5. Coregonus suspensus, Lake Lucerne, Switzerland A holotype, NMBE-1078100, 258 mm SL, 
male, freshly caught specimen, (right side, reversed) B, C holotype, NMBE-1078100, preserved specimen 
D non-type, Eawag-124305, Lake Lucerne, 300 mm SL, male. Scale bars: 1 cm.
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snout (6.5–9.9% HL, mean = 8.1 vs. 7.9–12.4% HL, mean = 10.5) (Tables 4, 5). 
Based on ratios Coregonus suspensus can be distinguished from Coregonus nobilis by hav-
ing a smaller ‘pectoral fin base / caudal peduncle depth’ ratio (PecFB/CD: 0.41–0.43 
vs. 0.45–0.52) (Table 10).

Coregonus suspensus – Coregonus muelleri
Coregonus suspensus differs from C. muelleri by having strong pigmentation of all 

fins vs. none or very little pigmentation of the pectoral, anal, caudal and dorsal fin in 
C. muelleri, a deeper caudal peduncle (7.1–7.5% SL, mean = 7.3 vs. 6.3–7.4% SL, 
mean = 6.9), a shorter head (dorsal head length: 12.8–14.5% SL, mean = 13.8 vs. 
14.4–17% SL, mean = 15.7; head length: 18.7–20.4% SL, mean = 19.6 vs. 20.3–
23.5% SL, mean = 22), smaller eye (eye diameter: 21.2–22.3% HL, mean = 21.8 
vs. 22.2–26% HL, mean = 24.1; eye cavity: 25.1–26.4% HL, mean = 25.6 vs. 
26.4–31.1% HL, mean = 27.7; eye height: 20.8–23.3% HL, mean = 22.2 vs. 22.3–
26.2% HL, mean = 24.3), differently shaped eye socket (sickle cell-shaped vs. round-
ish), a longer postorbital length (52.1–54.2% HL, mean = 53 vs. 48.8–52.6% HL, 
mean = 50.6), a shorter lower jaw (37.1–41.6% HL, mean = 40.1 vs. 40.3–45.8% 
HL, mean 42.7), a wider head (45.5–50% HL, mean = 48 vs. 37.2–48.7% HL, 
mean = 43.8) and a wider internarial width (12.1–13.6% HL, mean = 12.9 vs. 
9.6–12.3% HL, mean = 11) (Tables 4, 6). Coregonus suspensus can be distinguished 
from C. muelleri by having a larger ‘predorsal length / eye diameter’ ratio (PreD/
ED: 10.73–11.4 vs. 8.17–9.63) and a larger ‘body depth / lower jaw’ ratio (BD/LJ: 
2.71–3.33 vs. 2.01–2.63) (Table 10). Also, the average standard length at 3 years of 
age differentiates C. suspensus (range = 266–315 mm, mean = 289) from C. muelleri 
(160–232 mm, 194 mm) (Suppl. material 1: table S3).

Lake Constance comparison

Coregonus suspensus – all four Lake Constance species
The shorter dorsal head length of Coregonus suspensus (12.8–14.5% SL, mean = 13.8) 

differentiates it from all species of Lake Constance, C. wartmanni (14.5% SL), 
C. macrophthalmus (14.4–16.5% SL, mean = 15.7), C. gutturosus (15.4–18.1% SL, 
mean = 16.8) and C. arenicolus (14.8–15.3% SL, mean = 15.1).

Coregonus suspensus – Coregonus wartmanni
Coregonus suspensus differs from C. wartmanni by having a longer adipose fin 

base (4.2–5.5% SL, mean = 5 vs. 4% SL), a larger eye (eye diameter: 21.2–22.3% 
HL, mean = 21.8 vs. 18.9% HL; eye cavity: 25.1–26.4% HL, mean = 25.6 vs. 
23.9% HL; eye height: 20.8–23.3% HL, mean = 22.2 vs. 19% HL), a shorter lower 
jaw (37.1–41.6% HL, mean = 40.1 vs. 43.5% HL), a shorter maxilla (18.3–21% 
HL, mean 19.9 vs. 22% HL), longer gill rakers (middle gill raker: 11.5–14.3% 
HL, mean = 13.1 vs. 10.8% HL; longest gill raker: 13.2–16.4% HL, mean = 14.7 
vs. 11.3% HL) and fewer branched pelvic fin rays (10–11, mode = 10 vs. 12) 
(Tables 4, 9, 14).
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Table 4. Morphological and meristic data of Coregonus suspensus from Lake Lucerne, NMBE-1078100, 
holotype contemporary specimen; paratypes of contemporary specimens N = 4. For males and both sexes 
the holotype is included in the range and mean.

Species Coregonus suspensus
Morphological characters Holotype Holotype + Paratypes Paratypes Holotype + Paratypes

Ntotal = 5 * Nfemales = 2 Nmales = 3
mean range NMBE-

1078082
NMBE-
1078081

NMBE-
1078099

NMBE-
1078100

NMBE-
1078101

Standard length (mm) 258.5 271.4 255–302 260 301.5 255 259 282
Percentage of standard length
Pelvic fin base 3.8 3.7 3.3–3.8 3.3 3.8 3.8 3.8 3.8
Pelvic fin ‘spine’ length 6.0 5.8 5.4–6.4 5.4 5.4 6.4 6 5.9
Pelvic fin length 16.1 15.3 15–16.1 15 15.2 15.3 16.1 15
Pectoral fin base 3.2 3.1 3–3.2 3 3 3.1 3.2 3
Pectoral fin 1 length 16.4 15.6 14.7–16.8 14.7 16.8 15.6 16.4 14.7
Pectoral fin 2 length 17.1 16.4 15.3–17.2 15.3 17.2 16.9 17.1 15.4
Dorsal fin base 11.5 11.3 10.5–12.1 10.5 11.6 12.1 11.5 10.6
Length of anterior part of 
dorsal fin erected

17.7 17.6 16.9–17.8 17.8 17.8 17.8 17.7 16.9

Length of anterior part of 
dorsal fin depressed

19.8 19.1 18.2–19.8 18.7 19.5 19.3 19.8 18.2

Length of posterior part of 
dorsal fin erected

5.8 5.2 4.8–5.8 5.6 4.8 5 5.8 4.8

Anal fin base 13.1 12.7 11.3–13.1 11.3 13.1 13.1 13.1 12.8
Length of anterior part of the 
anal fin

12.4 11.9 11.6–12.4 11.6 11.9 11.7 12.4 12.1

Adipose fin base 5.5 5 4.2–5.5 5.3 4.2 4.7 5.5 5.2
Caudal fin length 24.4 23 21.1–24.4 21.1 23.5 22.6 24.4 23.5
Caudal peduncle depth 7.5 7.3 7.1–7.5 7.2 7.1 7.3 7.5 7.2
Caudal peduncle length 11.5 12.4 11.5–13.7 13.7 12 11.9 11.5 12.8
Length from posterior part of 
adipose fin to caudal fin base

17.8 19 17.8–20.6 20.6 18.3 19 17.8 19.2

Dorsal head length 14.4 13.8 12.8–14.5 13.8 12.8 14.5 14.4 13.4
Prepelvic length 48.8 49.2 47.9–51 51 47.9 48.3 48.8 49.9
Preanal length 77.8 76.5 75.6–77.8 76.7 75.6 75.7 77.8 77
Predorsal length 48.4 47.1 45.6–48.4 46.5 45.6 48.1 48.4 46.9
Body depth 23.2 23.6 21.5–25.1 23.7 25.1 24.3 23.2 21.5
Postdorsal length 44.5 44.3 42.8–46.2 44.8 43 46.2 44.5 42.8
Head length 20.3 19.6 18.7–20.4 19.2 19 20 20 19.4
Total length 122.2 120 118.5–122.2 118.5 118.7 120.6 122.2 119.9
Head length (mm) 52.4 53.1 50–56.2 50 56.2 51.9 52.4 54.8
Percentage of head length
Snout length 23.7 23.2 21.9–24 23.4 21.9 24 23.7 23.1
Eye diameter 22.3 21.8 21.2–22.3 22 21.6 21.9 22.3 21.2
Eye cavity 25.6 25.6 25.1–26.4 26.4 25.1 25.4 25.6 25.6
Eye height 22.2 22.2 20.8–23.3 23.3 22.1 22.5 22.2 20.8
Eye socket 2.7 3.8 2.7–5.2 3.7 3.6 4 2.7 5.2
Postorbital length 52.7 53 52.1–54.2 52.1 54.2 53.9 52.7 52.1
Head depth 66.4 67.5 63.6–70.8 70.8 70.4 63.6 66.4 66.3
Mouth width 8.9 9.2 8.9–9.7 9 9.7 9.3 8.9 9.2
Upper jaw length 29.3 28.5 27.1–29.3 28.6 28.5 28.9 29.3 27.1
Lower jaw length 41.6 40.1 37.1–41.6 37.1 40.5 40.8 41.6 40.8
Length of maxilla 18.5 19.9 18.3–21 21 20.9 20.7 18.5 18.3
Snout depth 7.5 8.1 6.5–9.9 7.3 9.5 6.5 7.5 9.9
Snout width 17.6 16.5 15.7–17.6 16.8 15.9 16.6 17.6 15.7
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Coregonus suspensus – Coregonus macrophthalmus
Coregonus suspensus can be differentiated from C. macrophthalmus by having a small-

er eye (eye diameter: 21.2–22.3% HL, mean = 21.8 vs. 21.3–26.1% HL, mean = 24.1; 
eye cavity: 25.1–26.4% HL, mean = 25.6 vs. 25.4–30.8% HL, mean = 28.9), a shorter 
lower jaw (37.1–41.6% HL, mean = 40.1 vs. 40–44.4% HL, mean = 42.2), a shorter 
maxilla (18.3–21% HL, mean 19.9 vs. 20.1–24.7% HL, mean = 23.1), a wider head 
(45.5–50% HL, men = 48 vs. 39.3–43.3% HL, mean = 41.6) and more lateral line 
scales (80–91 vs. 73–80, mode = 80) (Tables 4, 9, 12).

Coregonus suspensus – Coregonus gutturosus
Coregonus suspensus differs from C. gutturosus by having a longer pelvic fin base 

(3.3–3.8% SL, mean = 3.7 vs. 3.7–4.4% SL, mean = 4.1), a shorter pelvic fin (15–
16.1% SL, mean = 15.3 vs. 15.4–19.1% SL, mean = 17.1), a shorter pectoral fin 
(PecF2: 15.3–17.2% SL, mean = 16.4 vs. 16.8–20.3% SL, mean = 18.2), an anteriorly 
shorter erected dorsal fin (16.9–17.8% SL, mean = 17.6 vs. 17.6–21.6% SL, mean 
= 19.3), a shorter prepelvic length (47.9–51% SL, mean = 49.2 vs. 50.4–54.1% SL, 
mean = 52.7), a shallower head (63.6–70.8% HL, mean = 67.5 vs. 69.9–80.6% SL, 
mean = 74.2), a longer lower jaw (37.1–41.6% HL, mean = 40.1 vs. 34.3–39.1% 
HL, mean = 36.6), a shallower snout (6.5–9.9% HL, mean = 8.1 vs. 9.3–11.9% HL, 
mean = 10.2), longer gill rakers (middle gill raker: 11.5–14.3% HL, mean = 13.1 
vs. 4.1–8.7% HL, mean = 6.9; longest gill raker: 13.2–16.4% HL, mean = 14.7 vs. 
6.7–10.6% HL, mean = 8.2) and fewer gill rakers (33–37 vs. 16–21, mode = 17, 18, 
19) (Tables 4, 9, 13).

Coregonus suspensus – Coregonus arenicolus
Coregonus suspensus can be differentiated from C. arenicolus by having a shorter pel-

vic fin base (3.3–3.8% SL, mean = 3.7 vs. 3.9–4.6% SL, mean = 4.4), a shorter pelvic 
fin (15–16.1% SL, mean = 15.3 vs. 16.8–18.1% SL, mean = 17.3), a shorter pectoral 
fin base (3–3.2% SL, mean = 3.1 vs. 3.2–3.5% SL, mean = 3.4), an anteriorly shorter 
erected and depressed dorsal fin (erected dorsal fin: 16.9–17.8% SL, mean = 17.6 vs. 

Species Coregonus suspensus
Morphological characters Holotype Holotype + Paratypes Paratypes Holotype + Paratypes

Ntotal = 5 * Nfemales = 2 Nmales = 3
mean range NMBE-

1078082
NMBE-
1078081

NMBE-
1078099

NMBE-
1078100

NMBE-
1078101

Head width 49.2 48 45.5–50 47.8 50 45.5 49.2 47.4
Interorbital width 27.9 27.5 26.5–28.6 26.5 28.6 26.6 27.9 28
Internarial width 13.6 12.9 12.1–13.6 12.6 13.3 12.1 13.6 13.1
Lower jaw length 7.8 7.5 6.5–8.4 7.7 8.4 6.5 7.8 7.1
Lower jaw width 24.5 23.1 22.1–24.5 22.5 23.3 22.9 24.5 22.1
Middle gill raker length 13.7 13.1 11.5–14.3 11.5 12.9 14.3 13.7 na
Longest gill raker length 15.6 14.7 13.2–16.4 13.7 13.2 16.4 15.6 na
Upper arch length 18 17.8 17.3–18.6 17.4 17.3 18.6 18 na
Lower arch length 35.6 34.7 33.8–35.6 34.9 34.4 33.8 35.6 na
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18–20.3% SL, mean = 19.2; depressed dorsal fin: 18.2–19.8% SL, mean = 19.1 vs. 
19.3–21.9% SL, mean 20.5), an anteriorly shorter anal fin (11.6–12.4% SL, mean 
= 11.9 vs. 12.9–13.8% SL, mean = 13.3), a shallower caudal peduncle (7.1–7.5% 
SL, mean = 7.3 vs. 7.7–8.2% SL, mean = 8.1), a shorter dorsal head length (12.8–
14.5% SL, mean = 13.8 vs. 14.8–15.3% SL, mean = 15.1), being shallower bodied 
(21.5–25.1% SL, mean = 23.6 vs. 24.4–27.1% SL, mean 26.2), a larger eye (eye di-
ameter: 21.2–22.3% HL, mean = 21.8 vs. 17.3–19.6% HL, mean = 17.7; eye height: 
20.8–23.3% HL, mean = 22.2 vs. 18.8–20.8% SL, mean = 19.6), a shorter mouth 
width (8.9–9.7% HL, mean = 9.2 vs. 10–11% HL, mean = 10.5), a shallower snout 
(6.5–9.9% HL, mean = 8.1 vs. 9.7–12.3% HL, mean = 10.9), a less wide head (45.5–
50% HL, mean = 48 vs. 50.5–51.8% HL, mean = 50.8), a less wide interorbital width 
(26.5–28.6% HL, mean = 27.5 vs. 28.8–30.8% HL, mean = 29.7), a less wide lower 
jaw (22.1–24.5% HL, mean = 23.1 vs. 24.9–27.2% HL, mean = 26.4), longer gill rak-
ers (middle gill raker: 11.5–14.3% HL, mean =13.1 vs. 9.8–10.6% HL, mean = 10.2; 
longest gill raker: 13.2–16.4% HL, mean = 14.7 vs. 10.9–12% HL, mean = 11.5), 
fewer predorsal scales (31–34, mode = 32 vs. 36–44) and more gill rakers (33–37 vs. 
22–31) (Tables 4, 9, 12, 13).

Distribution and notes on biology. Coregonus suspensus occurs in all basins of 
Lake Lucerne (Fig. 2) except possibly in Lake Alpnach. It has been caught during 
the spawning season in all basins except for Lake Alpnach, where no nets were set 
by Hudson et al. (2016). There is no isotopic or stomach content data available 
for C. suspensus to infer the prey spectrum of this species. Coregonus suspensus is a 
medium-sized whitefish species and the size (i.e., standard length) at 3 years of age 
of C. suspensus is smaller than that of C. litoralis, considerably larger than that of 
C. muelleri and almost equal to that of C. intermundia (Suppl. material 1: table S3). 
We cannot compare its size to C. nobilis since only older individuals of the latter species 
have been caught (Hudson et al. 2016). Coregonus suspensus shows genetic ancestry 
contributions from whitefish of Lake Constance, besides its Lake Lucerne ancestry 
(Hudson et al. 2011, 2016). We therefore also compared it to the four described 
species from Lake Constance, namely C. wartmanni Bloch, 1784, C. macrophthalmus 
Nüsslin, 1882, C. arenicolus Kottelat, 1997, and the extinct C. gutturosus Gmelin, 
1818. Early indications that C. suspensus may be of partially allochthonous origin, 
closely related to the radiation of Lake Constance with genetic contributions from 
Lake Lucerne, were seen in work by Douglas and Brunner (2002). They named a 
population from Lake Lucerne simply as ‘Blaufelchen’ (i.e., the local name for the 
species C. wartmanni from Lake Constance), which grouped in their study closest 
to Lake Constance taxa and another species of partially allochthonous origin from 
Lake Thun, C. acrinasus. More recent work confirmed these findings, showing that 
C. suspensus has a genetic affinity (based on pairwise DAPC, neighbour-joining tree 
and private allele analyses) with C. wartmanni from Lake Constance (Hudson et al. 
2016; Suppl. material 1: fig. S3). Interestingly, C. suspensus may not just share a genetic 
affinity with C. wartmanni but also a phenotypic affinity. During the spawning season 
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sexually mature individuals of C. suspensus were caught exclusively in the open water, 
which may suggest that they also spawn in the open water. This unique spawning 
behaviour has so far only been documented for individuals of C. wartmanni from Lake 
Constance (Brehm 1884; Fatio 1890; Steinmann 1950). Further research is needed 
to resolve if the same spawning behaviour is present in C. suspensus. It cannot be 
inferred solely based on the catch locality, although all ripe individuals of C. suspensus 
were caught with pelagic nets in the pelagic habitat (Hudson et al. 2016). This is not 
unique to this species though, as also C. litoralis and C. intermundia can be caught 
during the spawning season in the pelagic waters. However, in contrast to C. suspensus 
they seem to move from the pelagic into the benthic habitat at the time around sunset 
and are thus caught in the benthic habitat during spawning (Hudson et al. 2016). 
Coregonus suspensus has most likely a short spawning season in winter around the 
month of December. The spawning season lasts for approx. two weeks. Since the 
1940s whitefish fry have been stocked from Lake Constance (among other lakes, see 
discussion) into Lake Lucerne, specifically in Lake Alpnach (Svarvar and Müller 1982; 
E. Odermatt and J. Muggli, pers. comm.). Nothing is written about the time span of 
these introductions nor which quantity of fry from Lake Constance were introduced 
into Lake Lucerne. Steinmann (1950) reported individuals not corresponding to any 
of the known Lake Lucerne whitefish species and questioned if additional unknown 
species were residing in Lake Lucerne. Specifically, Steinmann (1950) mentions an 
increase of whitefish individuals in 1949–1950 that have been caught mostly in the 
basins ‘Gersauerbecken’, ‘Urnerbecken’ and Lake Alpnach (Fig. 2), which resemble 
in gill raker number individuals of C. nobilis, but which spawn in December in the 
upper water column (i.e., in German ‘oberflächlich’). These individuals have been 
named by the commercial fishermen after the colouration of their dorsum, which 
was blueish, as ‘Blaufelchen’ and were even noted in the commercial fisheries statistics 
of Lake Lucerne for a certain time period (J. Muggli, pers. comm.). This is the same 
local name that is given to C. wartmanni from Lake Constance. This could possibly 
be the first mention of C. suspensus in the scientific literature. However, already in the 
year 1661 Cysat described three forms of large-type whitefish in Lake Lucerne, the 
‘Krautbalchen’, the ‘Schwembalchen’ and the ‘Steinbalchen’ and a local fisherman, 
J. Blättler, mentioned in 1908 that he was able to distinguish between three forms 
of large-type whitefish in the lake (Muggli 2015). It is thus unclear, if C. suspensus 
derived from recent allochthonous stocking and/or if one of these three forms may 
partially be what we know today as C. suspensus.

Etymology. The specific name suspensus in Latin means being ‘suspended’ or 
‘levitating’. The name refers to the fact that this species has only been caught during 
the spawning season in the pelagic water column. An adjective.

Common names. This species was not recognised by the local fisheries, fisheries au-
thorities, researchers, or the public before the work by Lundsgaard-Hansen (2009) and 
Hudson et al. (2016). Lundsgaard-Hansen (2009) and Hudson et al. (2016) named the 
species as Coregonus sp. ‘pelagic-intermediate’, in German ‘pelagischer Schwebbalchen’.
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Coregonus nobilis Haack, 1882
Figs 6, 14, Tables 5, 10, 12–14, Suppl. material 1: figs S2, S3, tables S1, S2

Coregonus crassirostris: Fatio 1885.
Coregonus ‘Edelfisch’: Steinmann 1950.
Coregonus lavaretus nat. riusensis, oekot. pelagicus: Steinmann 1950.
Coregonus nobilis: Kottelat 1997; Kottelat and Freyhof 2007; Müller 2007; Hudson et 

al. 2011, 2013, 2016; Ingram et al. 2012; Vonlanthen et al. 2012; Alexander et 
al. 2017a.

Coregonus wartmanni nobilis: Fatio 1890; Birrer and Schweizer 1936a.

Material examined. Neotype. Historical specimen (year 1885): MHNG-656.056, 207 
mm SL, sex unknown; Switzerland: Lake Lucerne. Non-types. All from Switzerland, 
Lake Lucerne: Contemporary specimens (year 2005): NMBE-1078053-1078063, 
NMBE-1078065-1078074, N = 21, 253–315 mm SL. Historical specimens (years 
1882, 1885): MHNG-807.26, N = 2, 247 and 254 mm SL.

Diagnosis. Coregonus nobilis is a medium-sized whitefish with weak pigmentation 
of the pectoral and pelvic fin and moderate pigmentation of the anal, caudal, adipose 
and dorsal fin and body; pectoral and pelvic fin with yellowish undertone; pale olive-
brown colouration on the flanks above the lateral line with pale greenish undertone 
that is most pronounced on dorsal part of the head; moderate number of pigmented 
small dots on the scales on the flanks; slender, elongated, and slightly torpedo-like 
body; caudal peduncle elongated (12.4–15.3% SL, mean = 13.9); tip of snout is fleshy 
and ranges from being square-like to roundish; large eye (eye diameter: 23.5–25.6% 
HL, mean = 25.6) with a thick (4.6–5% HL, mean = 4.7) and triangular eye socket; 
many and long gill rakers (longest gill raker: 15% HL; total gill raker number = 41).

Description. Shape: Slender body. Slender bodied with greatest body depth an-
terior of dorsal fin resulting in a slightly torpedo-like form. Dorsal and ventral profile 
similar and slightly arched. Dorsal and ventral profile from tip of snout to interorbital 
area mostly straight and then slightly convex to dorsal and pelvic fin origin respectively. 
Head moderately short. Mouth long and terminal or subtly sub-terminal. Lower jaw 
wide. Rostral plate equally wide as deep, quite pronounced with tip of snout fleshy and 
either roundish or blunt (square-like form). The eye is moderately large and that of his-
torical specimens is larger than of contemporary specimens. Eye-socket thick and sickle 
cell-shaped. Pectoral fin moderately tapered and moderately long. Dorsal fin moder-
ately long. Caudal peduncle narrow and elongated with caudal fin moderately forked 
and sometimes moderately to strongly asymmetrical. Meristics: Many and long gill 
rakers. Colour: Pigmentation of fins and body overall weak in live specimens. Pectoral 
and pelvic fin mostly transparent with yellowish ground colour, which is more pro-
nounced in pectoral fin than pelvic fin. Pectoral fin rarely pigmented at distal part of 
fin and pelvic fin rarely moderately pigmented at median to distal parts of fin. Dorsal, 
anal, caudal and adipose fin moderately pigmented. Body weakly pigmented. Silvery 
appearance along flanks with moderate amount of pigmented small dots (aggregation 
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of melanophores) on scales along flank and dorsum. Dorsally above the lateral line sil-
very appearance changes to a pale olive-brown and with a pale greenish ground colour 
that is most pronounced on dorsal part of head. Dorsal part of head and snout around 
nostrils moderately pigmented. Pre-operculum and operculum silvery with one black 
spot on lower margin of pre-operculum. Preserved specimens pale in colouration with 
similar pigmentation as described for live specimens. Silvery, translucent, not coloured 
or unpigmented parts of body become brown-yellowish, whereas pigmented parts are 
conserved and coloured parts (dorsally above the lateral line) become brownish.

Differential diagnosis. We compare the contemporary specimens of C. nobilis to 
the contemporary specimens of the other species from Lake Lucerne. The differential 
diagnoses between C. litoralis, C. intermundia and C. suspensus, and C. sarnensis are 
given under those species’ accounts.

Figure 6. Coregonus nobilis, Lake Lucerne, Switzerland A neotype, MHNG-656.056, 207 mm SL, sex 
unknown, preserved specimen, (right side, reversed) B non-type, NMBE-1078071, freshly caught speci-
men, 287 mm SL, male C non-type, freshly caught specimen, not preserved, Lake Lucerne, 280 mm SL, 
sex unknown. Scale bars: 1 cm.
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Table 5. Morphological and meristic data of Coregonus nobilis from Lake Lucerne, MHNG-656.056 
neotype, historical specimen; syntypes of historical specimens N = 2, non-types of contemporary speci-
mens N = 21. The neotype is included in the range and mean of the historical specimens.

Species Coregonus nobilis
Morphological characters Neotype Neotype + syntypes non-types

Ntotal = 3 * Ntotal = 21 Nfemales = 9 Nmales = 12
mean range mean range mean range mean range

Standard length (mm) 207 236 207–254 280.4 253–315 276.3 253–313 283.5 264–315
Percentage of standard length
Pelvic fin base 3.9 3.8 3.5–4 3.9 3.2–4.5 3.7 3.2–4.5 4 3.6–4.5
Pelvic fin ‘spine’ length 6.4 6.3 5.9–6.5 6 4–7.2 5.7 4–6.5 6.2 5.2–7.2
Pelvic fin length 17.5 16.3 15.4–17.5 15.2 14.1–16.5 15.2 14.1–16.2 15.2 14.4–16.5
Pectoral fin base 3.7 3.4 3–3.7 3.3 3–3.6 3.3 3–3.5 3.3 3.1–3.6
Pectoral fin 1 length 19.2 18 16.9–19.2 15.8 14.9–16.7 16.1 15.3–16.6 15.6 14.9–16.7
Pectoral fin 2 length 20 18.3 17.2–20 16.6 15.5–17.6 16.8 15.6–17.5 16.4 15.5–17.6
Dorsal fin base 10.2 10.7 10.2–11.2 11.2 10.3–12.6 10.8 10.3–11.2 11.4 10.3–12.6
Length of anterior part of 
dorsal fin erected

18.3 17.5 16.7–18.3 16.3 15.3–17.2 16.3 15.4–17.1 16.3 15.3–17.2

Length of anterior part of 
dorsal fin depressed

19.4 18.6 18.1–19.4 17.8 16.7–18.8 17.7 16.7–18.8 17.8 16.9–18.6

Length of posterior part of 
dorsal fin erected

6.1 5.6 5.3–6.1 5.2 4.7–5.9 5.3 4.9–5.9 5.1 4.7–5.9

Anal fin base 12.3 10.9 9.7–12.3 12.1 10.9–14.2 11.8 10.9–13.3 12.4 11.3–14.2
Length of anterior part of the 
anal fin

13.1 10.9 9.2–13.1 11.1 10–12.6 11.1 10.1–12.6 11.1 10–11.9

Adipose fin base 6.5 5.5 5–6.5 5.3 4.5–6.5 5.4 4.8–6.5 5.3 4.5–6.3
Caudal fin length na na na 22.3 20.1–23.8 22.1 20.1–23.8 22.5 21.4–23.7
Caudal peduncle depth 7.1 7.2 7.1–7.4 6.8 6.3–7.6 6.8 6.3–7.1 6.9 6.5–7.6
Caudal peduncle length 12.4 13.9 12.4–15.3 13.2 11.6–14.5 13.1 12.3–14.2 13.2 11.6–14.5
Length from posterior part of 
adipose fin to caudal fin base

20.9 20.5 19.8–20.9 18.8 17–20.5 18.8 17–19.9 18.9 17–20.5

Dorsal head length 16.2 14.8 13.9–16.2 13.6 12.8–14.9 13.4 12.9–14.3 13.7 12.8–14.9
Prepelvic length 52.4 50.3 48.8–52.4 50.5 47.9–52 50.9 48.9–52 50.1 47.9–51.6
Preanal length 76.8 76.8 76.1–77.6 76.5 74.2–78.5 76.9 75.1–78.5 76.3 74.2–77.6
Predorsal length 46.7 46.8 46–47.6 45.8 43.3–48.5 46 43.3–48.5 45.6 43.8–46.7
Body depth 22.4 22.5 22.3–23 23.8 20.7–25.5 24.1 21.7–25.5 23.6 20.7–25.5
Postdorsal length 42.9 45.8 42.9–47.3 44.9 42.6–48.2 44.9 43.5–46.4 44.9 42.6–48.2
Head length 22.4 20.7 19.6–22.4 19.8 18.5–21.9 19.7 18.5–20.6 19.9 18.8–21.9
Total length na na na 119 113.7–122.1 118.7 113.7–122.1 119.2 116.8–121.2
Head length (mm) 46.3 48.6 46.3–51 55.5 49.1–59.8 54.3 49.1–57.9 56.3 53.5–59.8
Percentage of head length
Snout length 21.3 20.6 19.9–21.3 23.2 20.8–25.6 22.9 20.8–25.6 23.3 21.2–25.1
Eye diameter 25.6 24.2 23.5–25.6 21.8 20.2–23.1 22.2 21.2–23.1 21.5 20.2–22.7
Eye cavity 31.1 29.1 27.6–31.1 26 24.2–28 26.4 24.8–28 25.8 24.2–27.8
Eye height 25.8 25.9 25.4–26.5 22.3 20.7–24 22.4 21.1–23.2 22.3 20.7–24
Eye socket 4.6 4.7 4.6–5 4.2 3–5.3 4.5 3.4–5.3 3.9 3–5
Postorbital length 49.5 51.6 49.5–53.1 52.6 50.4–55.3 52.7 50.4–54.7 52.5 51.3–55.3
Head depth 73.3 75.2 73.3–76.6 71.2 65.9–77.8 72.3 68.8–77.8 70.5 65.9–74.6
Mouth width 10.8 11 10.8–11.1 9.6 7.9–11.2 9.5 7.9–10.5 9.7 8.7–11.2
Upper jaw length 30.4 29.8 28.5–30.4 29.5 26.3–32 29.8 26.3–32 29.3 27.6–31.4
Lower jaw length 47.9 45.2 43.6–47.9 40 36.6–42.2 40.3 37.7–42.2 39.7 36.6–42
Length of maxilla 23.9 23.6 22.8–24 21 18.3–24.3 21.2 18.3–22.9 20.9 18.9–24.3
Snout depth 8.2 8.8 8.2–9.7 10.5 7.9–12.4 10.2 7.9–11.7 10.8 8.9–12.4
Snout width 16.2 17 16.2–18.3 17.2 15.1–18.8 17.5 15.4–18.2 17 15.1–18.8
Head width 44.8 46.1 44.8–48.2 50.6 46.2–55 50.9 47.1–55 50.4 46.2–52.7
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Coregonus nobilis – Coregonus muelleri
Coregonus nobilis differs from C. muelleri by having an anteriorly shorter erected and 

depressed dorsal fin (erected dorsal fin: 15.3–17.2% SL, mean = 16.3 vs. 16.4–20.3% 
SL, mean = 18.1; depressed dorsal fin: 16.7–18.8% SL, mean = 17.8 vs. 17.3–21.1% 
SL, mean = 19.2), a shorter caudal fin (20.1–23.8% SL, mean = 22.3 vs. 22–26.4% 
SL, mean = 23.9), a shorter dorsal head length (12.8–14.9% SL, mean = 13.6 vs. 
14.4–17% SL, mean = 15.7), smaller eye (eye diameter: 20.2–23.1% HL, mean = 21.8 
vs. 22.2–26% HL, mean = 24.1; eye cavity: 24.2–28% HL, mean = 26 vs. 26.4–
31.1% HL, mean = 27.7; eye height (20.7–24% HL, mean = 22.3 vs. 22.3–26.2% 
HL, mean = 24.3), differently shaped eye socket (sickle cell-shaped vs. roundish), a 
deeper head and snout (head depth: 65.9–77.8% HL, mean = 71.2 vs. 59.6–70.8% 
HL, mean = 63.7; snout depth: 7.9–12.4% HL, mean = 10.5 vs. 4.9–8.7% HL, 
mean = 7) and a wider head and lower jaw (head width: 46.2–55% HL, mean = 50.6 
vs. 37.2–48.7% HL, mean = 43.8; lower jaw width: 7.8–10.2% HL, mean = 9 vs. 
5.9–8.7, mean = 7.3) (Tables 5, 6). Based on ratios C. nobilis can be differentiated from 
C. muelleri by having a smaller ‘eye diameter / head depth’ ratio (ED/HD: 0.27–0.33 
vs. 0.35–0.42) (Table 10).

Distribution and notes on biology. Coregonus nobilis occurs in all basins of 
Lake Lucerne (Fig. 2) except for Lake Alpnach (Nufer 1905). Since the species is 
endangered no commercial and recreational fisheries are permitted all year round 
(details on the decline of the population of C. nobilis and its putative extinction and 
its rediscovery is discussed in the Suppl. material 1: Paragraph 3). Hence, to un-
derstand the distribution of C. nobilis outside of the spawning season we can only 
consult historical catch records. These suggest that it was caught in large quantities 
and migrated heavily throughout the year within the basins of Lake Lucerne except 
for Lake Alpnach (Birrer and Schweizer 1936a; Steinmann 1950). Specifically, it 
was caught in water depths of 5–25 m in the pelagic habitats in the basins ‘Kreuz-
trichter’, ‘Gersauerbecken’, ‘Urnerbecken’, ‘Vitznauerbecken’ and ‘Küssnachtersee’ 
(Birrer and Schweizer 1936a; Fig. 2). Coregonus nobilis feeds – depending on the 
time of the year – on different pelagic prey (i.e., variety of zooplankton such as 
Bythotrephes, Daphnia, Bosmina, Copepoda, Leptodora, and rarely Chironomidae) 

Species Coregonus nobilis
Morphological characters Neotype Neotype + syntypes non-types

Ntotal = 3 * Ntotal = 21 Nfemales = 9 Nmales = 12
mean range mean range mean range mean range

Interorbital width 27.1 28.2 27–30.4 28.4 25.3–31.6 28.5 25.3–31.6 28.3 26.6–31.1
Internarial width 11.8 12.6 11.8–13.7 12.3 10.1–15 12.6 10.8–15 12.1 10.1–13.3
Lower jaw length 10 9 8.3–10 9 7.8–10.2 8.8 8–9.5 9.1 7.8–10.2
Lower jaw width 24.8 24.5 22.3–26.3 24.3 18.7–27.2 24.5 18.7–27.2 24.1 20.6–25.9
Middle gill raker length 14.8 14.8 na 13.4 10.2–16.6 13.1 10.2–16.6 13.6 12.3–15.1
Longest gill raker length 15 15 na 14.2 10.6–17 14.2 10.6–17 14.2 12.6–15.4
Upper arch length na na na 18.7 16.4–20.5 18.9 16.8–20.5 18.6 16.4–19.7
Lower arch length na na na 34.2 31.7–39.3 34.4 31.7–39.3 33.9 32.6–36.4

* N=2 for PecF1 and N=1 for MGR, LGR.
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(Birrer and Schweizer 1936a). It is a medium-sized whitefish species and has a 
moderate growth rate (Müller et al. 2007). It is the only whitefish species in Lake 
Lucerne that spawns in late summer in great water depths. The spawning season of 
C. nobilis stretches from late July to mid-September in water depths of 80 to 214 
m (Birrer and Schweizer 1936a; Müller 2007; Vonlanthen et al. 2012; Hudson et 
al. 2016; Alexander et al. 2017a). During the spawning season it has been caught 
both historically and more recently in the inner basins of Lake Lucerne; ‘Gersauer-
becken’ (Birrer and Schweizer 1936a; Hudson et al. 2016) and ‘Vitznauerbecken’ 
(Alexander et al. 2017a). Birrer and Schweizer (1936a) note that the spawning 
grounds can also be found in the deeper waters at gravel beds that are fed by nearby 
stream mouths.

Common name. Edelfisch.

Coregonus muelleri sp. nov.
https://zoobank.org/1D01BB7F-517B-4672-BC4D-B8700D56EFB2
Figs 7, 14, Tables 6, 10, 12–14, Suppl. material 1: figs S2, S3, tables S1–S3

Coregonus ‘Albeli’: Steinmann 1950; Douglas et al. 1999; Douglas and Brunner 2002.
Coregonus exiguus albellus: Fatio 1890; Birrer and Schweizer 1935, 1936b.
Coregonus lavaretus nat. riusensis, oekot. nanus: Steinmann 1950 (see also synonymy of 

C. zugensis and C. sarnensis).
Coregonus sp. ‘small’: Hudson et al. 2016.
Coregonus ‘Weissfelchen’: Steinmann 1950.
Coregonus ‘Weissfisch’: Douglas and Brunner 2002.
Coregonus zugensis: Kottelat 1997; Kottelat and Freyhof 2007; Wedekind et al. 2007a, 

b; Rudolfsen et al. 2008; Hudson et al. 2011, 2013; Ingram et al. 2012; Vonlan-
then et al. 2012; Lundsgaard-Hansen et al. 2013; Roesch et al. 2013; Alexander et 
al. 2017a (see also synonymy of C. zugensis).

Material examined. Holotype. Contemporary specimen (year 2007): NMBE-
1078123, 180 mm SL, male; Switzerland: Lake Lucerne. Paratypes. All from Switzer-
land, Lake Lucerne: Contemporary specimens (year 2007): NMBE-1078106–NMBE-
1078122, NMBE-1078124–NMBE-1078135, N = 29, 158–198 mm SL. Historical 
specimens (years 1892, 1940, 1947): NMBE-1076284, NMBE-1076289, NMBE-
107628, NMBE-1076290 (Eawag-305-1, Eawag-305-2, Eawag-305-3, Eawag-305-4, 
Eawag-305-5), NMBE-1076291, N = 8, 158–193 mm.

Diagnosis. Coregonus muelleri is a small whitefish species (standard length at 3 
years of age: range = 160–232, mean = 194) with weak pigmentation of all fins and 
body; pale olive-brown colouration on the flanks above the lateral line; elongate slen-
der body; large eye (eye diameter: 22.2–26% HL, mean = 24.1) with a subtle trian-
gular eye socket; tip of snout pointy; many and long gill rakers (longest gill raker: 
12.5–16.7% HL, mean = 14.5; total gill raker number: 33–43).

https://zoobank.org/1D01BB7F-517B-4672-BC4D-B8700D56EFB2
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Description. Shape: Body elongated and slender. Greatest body depth anterior 
of dorsal fin. Ventral profile and dorsal profile similar and slightly arched. Dorsal 
and ventral profile from tip of snout to interorbital mostly straight and then slightly 

Figure 7. Coregonus muelleri, Lake Lucerne, Switzerland A holotype, NMBE-1078123, 180 mm SL, 
male, freshly caught specimen, (right side, reversed) B, C holotype, NMBE-1078123, preserved specimen 
D non-type, Eawag-59186, Lake Lucerne, 175 mm SL, male. Scale bars: 1 cm.
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convex to dorsal and pelvic fin origin respectively. Head long. Snout long and tip 
of snout if often pointed and seldomly fleshy resulting in a not pronounced rostral 
plate. Mouth long and terminal. Large eye with a subtle sickle cell-shaped (seldom 
roundish) eye-socket in the historical specimens and a mostly roundish (seldom sick-
le cell-shaped) eye-socket in the contemporary specimens. The eye of the historical 
specimens is larger than those of the contemporary specimens. Pectoral fin moder-
ately long and tapered. Anterior unbranched ray of the erected dorsal fin ranges from 
almost vertically straight to an ~ 70–80° angle to body axis and only bent slightly 
posteriorly at end of the ray. Caudal peduncle narrow and elongated with caudal fin 
forked and sometimes moderately to strongly asymmetrical with often ventral part 
being longer. Unbranched rays of anal fin straight and rarely bent posteriorly at end 
of ray. Anal fin longest anteriorly and progressively shortening posteriorly with outer 
margin of the anal fin slightly concave. Meristics: Many and long gill rakers. Colour: 
Pigmentation of fins and body weak in live specimens. Pectoral fin transparent and 
pelvic and anal fin mostly transparent. Pectoral fin very rarely pigmented at distal 
part of the fin and anal and pelvic fin rarely moderately pigmented at median to dis-
tal parts of fin. Dorsal, caudal and adipose fin moderately pigmented. Silvery appear-
ance along flanks. Dorsally above the lateral line silvery appearance changes to a pale 
olive-brown. Dorsal part of head and snout around nostrils moderately pigmented. 
Pre-operculum and operculum silvery with one black spot on lower margin of the 
pre-operculum. Preserved specimens pale in colouration with similar pigmentation 
as described for live specimens. In contemporary specimens silvery, translucent, not 
coloured or unpigmented parts of body become brown-yellowish, whereas pigment-
ed parts are conserved and coloured parts (dorsally above the lateral line) become 
brownish. In historical specimens all body parts are brownish.

Differential diagnosis. The differential diagnoses against the contemporary speci-
mens of C. litoralis, C. intermundia, C. suspensus, C. nobilis and C. sarnensis and against 
the historical specimens of C. litoralis from Lake Lucerne and C. zugensis from Lake 
Zug are given under those species’ accounts.

Distribution and notes on biology. Coregonus muelleri occurs in all basins of 
Lake Lucerne (Fig. 2) except for Lake Alpnach (Steinmann 1950; J. Muggli, pers. 
comm.). Coregonus muelleri was (besides C. nobilis) historically and is today the most 
abundant and commercially important whitefish species in Lake Lucerne (Birrer and 
Schweizer 1935; Muggli 2015; Alexander et al. 2017a). Coregonus muelleri feeds 
– depending on the time of the year – on different pelagic prey (i.e., variety of 
zooplankton such as Bythotrephes, Daphnia, Bosmina, Copepoda, Leptodora and 
rarely Chironomidae) (Birrer and Schweizer 1935). It is a small whitefish species 
with the size at 3 years of age of C. muelleri being considerably smaller than that of 
C. litoralis, C. intermundia and C. suspensus (Suppl. material 1: table S3). We cannot 
compare its size to C. nobilis since only older individuals of the latter species have 
been caught (Hudson et al. 2016). It has a slow growth rate (Birrer and Schweizer 
1935; Steinmann 1950). Coregonus muelleri has a long spawning season with pre-
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sumably two spawning peaks. The historical literature suggests that C. muelleri has 
a spawning peak in the early summer from July to August and a second peak in 
the late autumn to early winter from October to December at a spawning depth of 
between 60 to 200 m (Fatio 1890; Surbeck 1913; Birrer und Schweizer 1935; Stein-
mann 1950; Muggli 2015). However, according to the fishery warden J. Muggli it 
is unclear if these summer-spawning C. muelleri were once present in Lake Lucerne, 
at least in the last few centuries such summer-spawning C. muelleri have not been 
caught. The population of whitefish that we have described as C. muelleri was origi-
nally grouped under the species name C. zugensis. However, independent multilocus 
microsatellite (Suppl. material 1: figs S2, S3) and large genomic AFLP (Hudson et 
al. 2011) data sets have shown that the whitefish species from Lake Lucerne and the 
whitefish populations of Lake Zug, are two independent genetic groups suggesting 
that C. muelleri is an endemic species of Lake Lucerne and should not be grouped 
under the name C. zugensis. Furthermore, C. muelleri can be distinguished based on 
morphological characters and ratios from historical specimens of C. zugensis, as well 
as from the other two species of Lake Zug, C. obliterus and C. supersum (see details 
under those species’ account).

Etymology. The species is named after the late Dr. Rudolf Müller, a fisheries bi-
ologist and former department head and research group leader at EAWAG, Center for 
Ecology, Evolution and Biogeochemistry (CEEB) in Kastanienbaum, Switzerland. He 
dedicated a large part of his career to understanding the ecology of whitefish in Swiss 
lakes, and confirmed the re-discovery of C. nobilis.

Common name. Albeli.

Table 6. Morphological and meristic data of Coregonus muelleri from Lake Lucerne, NMBE-1078123 
holotype, contemporary specimen; paratypes of contemporary specimens N = 29 and paratype material 
of historical specimens N = 8. For males and both sexes the holotype is included in the range and mean 
of the contemporary specimens.

Species Coregonus muelleri
Morphological characters Contemporary specimens Historical specimens

Holotype Holotype + 
Paratypes

Paratypes Holotype + Paratypes Paratypes

Ntotal = 30 * Nfemales = 9 ** Nmales = 21 *** Ntotal= 8 ****
mean range mean range mean range mean range

Standard length (mm) 180 180.7 158–198 180.1 161–197 181 158–198 180.2 159–193
Percentage of standard length
Pelvic fin base 3.6 3.6 3–4.1 3.7 3.3–4.1 3.6 3–3.9 3.5 3.2–4
Pelvic fin ‘spine’ length 7.2 6.7 5.3–8.1 6.8 5.3–8.1 6.6 5.5–7.2 5.9 4.8–6.6
Pelvic fin length 15.6 15.9 14.6–16.8 16.2 15–16.6 15.7 14.6–16.8 16.4 14.2–18.9
Pectoral fin base 3.4 3 2.7–3.5 3 2.7–3.3 3.1 2.8–3.5 3 2.4–3.6
Pectoral fin 1 length 16.8 16.4 15–18 16.7 15.8–18 16.2 15–16.9 16.7 15.3–18.8
Pectoral fin 2 length 17.8 17.1 16–18.8 17.3 16.6–18.8 17.1 16–17.9 17.5 15.9–20
Dorsal fin base 10.8 11 9.2–12.7 11.2 10.1–12 11 9.2–12.7 10.6 9.3–11.6
Length of anterior part of 
dorsal fin erected

18.6 18.1 16.4–20.3 18.8 17.7–20.3 17.8 16.4–19.8 18.4 17.1–20.2
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Species Coregonus muelleri
Morphological characters Contemporary specimens Historical specimens

Holotype Holotype + 
Paratypes

Paratypes Holotype + Paratypes Paratypes

Ntotal = 30 * Nfemales = 9 ** Nmales = 21 *** Ntotal= 8 ****
mean range mean range mean range mean range

Length of anterior part of 
dorsal fin depress

e19.6 19.2 17.3–21.1 19.7 18.7–21.1 19 17.3–20.7 19.5 17.9–21.1

Length of posterior part of 
dorsal fin erected

6.1 5.6 4.5–6.5 5.5 4.5–6.1 5.6 4.9–6.5 6.2 5.4–7.1

Anal fin base 13.8 13 11.2–14.8 13.1 11.6–13.7 12.9 11.2–14.8 12 11.2–13
Length of anterior part of 
the anal fin

12.4 12 10.5–13 12.3 11.2–13 11.8 10.5–12.7 12 10.9–13.3

Adipose fin base 5.8 6 4.6–8.5 5.9 5–7.2 6.1 4.6–8.5 6.7 5.3–8.6
Caudal fin length 23.9 23.9 22–26.4 24.7 23.1–26.4 23.6 22–25.6 23.5 21–25.4
Caudal peduncle depth 7.2 6.9 6.3–7.4 6.9 6.4–7.4 6.9 6.3–7.3 6.5 6.1–6.8
Caudal peduncle length 13.3 12.8 10.8–14.3 12.7 10.8–14.2 12.8 10.9–14.3 13.8 13.4–15.1
Length from posterior part 
of adipose fin to caudal 
fin base

19.2 19.4 17.5–21.1 19.1 17.5–20.6 19.5 18–21.1 20.3 17.7–21.6

Dorsal head length 15.5 15.7 14.4–17 15.8 14.8–17 15.7 14.4–16.4 16 14.8–17.9
Prepelvic length 51.1 51.3 48.2–54.4 52 50.6–54.4 51 48.2–53.3 52.4 49.4–55.3
Preanal length 76.1 76.9 74–80.1 76.4 74–77.4 77.1 74.7–80.1 76.6 75.7–79.4
Predorsal length 47.6 46.7 41.9–49.6 46.1 41.9–48.2 46.9 44.7–49.6 47.3 44.8–51.5
Body depth 22 21.9 19.8–24.9 23.3 21–24.9 21.3 19.8–24 22.5 20–24.7
Postdorsal length 44.8 44.3 41.6–47.5 43.9 41.6–45.6 44.5 42.5–47.5 43.6 39.6–45.8
Head length 21.6 22 20.3–23.5 22.3 21.3–23.5 21.9 20.3–23.3 22.2 20.9–25.1
Total length 123.3 122.1 119.1–

124.8
122.2 119.8–

124.8
122 119.1–

124.7
121.1 119.1–

123.6
Head length (mm) 38.9 39.8 36.3–44.2 40.1 37.4–44.2 39.6 36.3–42.1 39.9 36.7–46.7
Percentage of head length
Snout length 22 22.8 20.1–25.3 22.6 20.8–23.7 22.9 20.1–25.3 21.3 20–22.6
Eye diameter 26 24.1 22.2–26 24 22.2–25.6 24.2 22.7–26 24.3 23.2–26.6
Eye cavity 28.8 27.7 26.4–31.1 27.8 26.5–31.1 27.6 26.4–29.3 29.2 27–31.9
Eye height 26.1 24.3 22.3–26.2 24.2 22.8–25.1 24.3 22.3–26.2 25.3 23.5–28.3
Eye socket 2.8 3 1.9–4.6 2.9 1.9–3.7 3 2.3–4.6 4 2.8–5.7
Postorbital length 49.9 50.6 48.8–52.6 50.8 49.8–52.2 50.5 48.8–52.6 49.9 47.4–51.9
Head depth 64.9 63.7 59.6–70.8 63.5 61.2–65.7 63.8 59.6–70.8 65.2 61.8–69.7
Mouth width 9.3 9.2 7.6–10.1 9.1 8.5–9.9 9.2 7.6–10.1 10.2 8.9–11.8
Upper jaw length 30 28.8 20.7–31.5 29.6 28.4–31.3 28.4 20.7–31.5 31 28.4–35.9
Lower jaw length 41.4 42.7 40.3–45.8 43.6 41.4–45.8 42.3 40.3–44.9 43.6 39.5–47
Length of maxilla 21.7 21.4 19.4–24 22.1 20.9–23.7 21.2 19.4–24 22.9 21.3–26.2
Snout depth 8.2 7 4.9–8.7 7.1 5.6–8.7 7 4.9–8.3 7.7 7–8.5
Snout width 17.8 16.9 14.2–19.2 16.6 14.2–17.9 17 15.4–19.2 16.5 14.3–17.4
Head width 45 43.8 37.2–48.7 43.8 41.9–47.1 43.7 37.2–48.7 44.5 41.2–47.8
Interorbital width 26.7 26 23.8–29.2 26 24.1–27.2 26.1 23.8–29.2 24.6 22.6–26
Internarial width 10 11 9.6–12.3 11.3 10–12.3 10.9 9.6–12 12.2 11.3–13.8
Lower jaw length 7.6 7.3 5.9–8.7 7.1 6.4–7.9 7.4 5.9–8.7 8.6 7.5–10
Lower jaw width 22.4 21.3 18.5–23.3 21.4 19.2–23 21.2 18.5–23.3 22.8 21–24.7
Middle gill raker length 13.5 13.5 9.6–15.9 13.4 12.4–14 13.6 9.6–15.9 12.8 11.2–15
Longest gill raker length 15.1 14.5 12.5–16.7 14.4 13.5–15.9 14.5 12.5–16.7 14.1 11.2–15.6
Upper arch length 21.6 19.1 15.9–22.3 19.4 16–22 19 15.9–22.3 na na
Lower arch length 33.6 33.4 26.2–38.7 33 27.2–37.5 33.5 26.2–38.7 na na

* N=27 for MGR, LGR, UA, LA; ** N=7 for MGR, LGR, UA, LA; *** N=20 for MGR, LGR, UA, LA; **** N=6 for CF, TL; N=5 
for MGR, LGR.
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Lake Sarnen whitefish

Coregonus sarnensis sp. nov.
https://zoobank.org/34B59895-283B-4081-B964-78FFA2FF9C32
Figs 8, 14, Tables 7, 10, 12–14, Suppl. material 1: figs S1–S3, tables S1–S3

Coregonus lavaretus nat. riusensis, oekot. primigenius: Steinmann 1950 (see also syn-
onymy of C. supersum, C. suidteri, and C. litoralis).

Coregonus ‘Sarnerbalchli’: Steinmann 1950.
Coregonus ‘Sarnerfelchen’: Steinmann 1950.
Coregonus sp. ‘Sarnerfelchen’: Vonlanthen et al. 2012.
Coregonus zugensis: Vonlanthen and Périat 2018 (see also synonymy of C. muelleri and 

C. zugensis).

Material examined. Holotype. NMBE-1078159, 230 mm SL, male; Switzerland: 
Lake Sarnen. Paratypes. All from Switzerland, Lake Sarnen: NMBE-1078143–
NMBE-1078155, NMBE-1078157, NMBE-1078158, NMBE-1078160–NMBE-
1078169, NMBE-1078171 – NMBE-1078173, NMBE-1078174, NMBE-1078175, 
N = 27, 188–261.5 mm SL.

Diagnosis. Coregonus sarnensis is a medium-sized whitefish (standard length at 3 
years of age: range = 188–223, mean = 211) with weak pigmentation of the pectoral 
and pelvic fin and moderate pigmentation of the anal, caudal, adipose and dorsal fin 
and body; pale green to pale olive-brown colouration on the flanks above the lateral 
line; moderate number of pigmented small dots on the scales on the flanks; slender, 
elongated body; caudal peduncle mostly elongated (caudal peduncle depth: 7.1–8.6% 
SL, mean = 7.7; caudal peduncle length: 11.5–14.1% SL, mean = 12.6); tip of snout 
is fleshy, roundish, and often has an ~ 40–50° angle to the body axis anterior of the 
eye, such that the profile from the tip of the snout to the vertical projection where 
the anterior part of the eye crosses the dorsal profile is straight and afterwards slightly 
convex; large eye (eye diameter: 22.2–27.1% HL, mean = 23.9); many and long gill 
rakers (longest gill raker: 10.6–15.8% HL, mean = 13; total gill raker number: 33–40).

Description. Shape: Body elongated and slender. Greatest body depth anterior 
of dorsal fin resulting in a slightly torpedo-like form. Ventral profile and dorsal profile 
similar and slightly arched. Dorsal and ventral profile from tip of snout to interor-
bital mostly straight and then slightly convex to dorsal and pelvic fin origin respec-
tively. Head moderately long. Snout often has an ~ 40–50° angle to body axis anterior 
of eye, such that profile from tip of snout to vertical projection where anterior part 
of eye crosses dorsal profile is straight and afterwards slightly convex. Tip of snout 
if often roundish and seldomly fleshy resulting in a not strongly pronounced rostral 
plate. Mouth thick (i.e., width of upper and lower jaw), long and often terminal and 
only rarely slightly sub-terminal. Large eye with a variable eye-socket shape ranging 
from sickle cell-shaped to roundish. Pectoral fin moderately long and tapered. Anterior 

https://zoobank.org/34B59895-283B-4081-B964-78FFA2FF9C32
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unbranched ray of erected dorsal fin ranges from almost vertically straight to an ~ 70–
80° angle to body axis and only bent slightly posteriorly at end of ray. Caudal peduncle 
often narrow and elongated (seldomly stout) with caudal fin forked. Unbranched rays 
of anal fin straight. Anal fin longest anteriorly and progressively shortening posteriorly 
with outer margin of anal fin slightly concave. Meristics: Many and long gill rakers. 
Colour: Pigmentation of fins and body moderate in live specimens. Pectoral fin trans-
parent and pelvic and anal fin mostly transparent. Pectoral fin is only pigmented at dis-
tal part of fin and anal and pelvic fin are moderately pigmented at median to distal parts 
of fin. Dorsal, caudal and adipose fin moderately pigmented. Silvery appearance along 
flanks. Dorsally above lateral line silvery appearance changes from a pale green coloura-
tion (e.g., to an olive-green colouration. Dorsal part of head and snout around nostrils 
moderately pigmented. Pre-operculum and operculum silvery with one black spot on 
lower margin of pre-operculum. Along flank and dorsum moderately pigmented small 
dots (aggregation of melanophores) on scales. Preserved specimens pale in coloura-
tion with similar pigmentation as described for live specimens. Silvery, translucent, not 
coloured or unpigmented parts of body become brown-yellowish, whereas pigmented 
parts are conserved and coloured parts (dorsally above lateral line) become brownish.

Differential diagnosis.

Coregonus sarnensis – Coregonus litoralis
Coregonus sarnensis can be differentiated from C. litoralis by having a shorter dor-

sal fin base (9.5–12.7% SL, mean = 11.5 vs. 11.9–15.1% SL, mean = 13.4), longer 
head (20.8–24% SL, mean = 22 vs. 19.2–20.9% SL, mean = 19.9), larger eye (eye 
diameter: 22.1–27.1% HL, mean = 23.9 vs. 18.2–21.4% HL, mean = 20.2; eye cav-
ity: 26.3–31% HL, mean = 28.6 vs. 22.7–26% HL, mean = 24.6), a shallower head 
(62.7–74.3% HL, mean = 67.8 vs. 70.1–77.9% HL, mean = 73.8), less wide interor-
bital width (23.8–28.1% HL, mean = 26.2 vs. 26.3–29.8% HL, mean = 28.2), longer 
gill rakers (gill raker: 10.6–15.8% HL, mean = 13 vs. 9.2–13.1% HL, mean = 11) and 
more gill rakers (33–40, mode = 35, 36 vs. 24–32, mode = 26, 30) (Tables 2, 7, 13). 
Based on ratios C. sarnensis can be differentiated from C. litoralis by having a larger ‘eye 
depth / head depth’ ratio (ED/HD: 0.33–0.39 vs. 0.25–0.30) (Table 10)

Coregonus sarnensis – Coregonus intermundia
Coregonus sarnensis can be differentiated from C. intermundia by having a longer 

head (20.8–24% SL, mean = 22 vs. 19.1–21.5% SL, mean = 20.3) and a larger eye 
cavity (26.3–31% HL, mean = 28.6 vs. 23.8–27.9% HL, mean = 25.9) (Tables 3, 7).

Coregonus sarnensis – Coregonus suspensus
Coregonus sarnensis can be differentiated from C. suspensus by having longer pectoral 

fins (pectoral fin 2: 16–21.3% SL, mean = 18 vs. 15.3–17.2% SL, mean = 16.4), a long-
er dorsal head length (14.1–17% SL, mean = 15.4 vs. 12.8–14.5% SL, mean = 13.8), 
longer head (20.8–24% SL, mean = 22 vs. 18.7–20.4% SL, mean = 19.6) and larger 
eyes (eye diameter: 22.1–27.1% HL, mean = 23.9 vs. 21.2–22.3% HL, mean = 21.8; 
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eye cavity: 26.3–31% HL, mean = 28.6 vs. 25.1–26.4% HL, mean = 25.6) (Tables 4, 7). 
Based on ratios C. sarnensis can be differentiated from C. suspensus by having a smaller 
‘predorsal length / eye depth’ ratio (PreD/ED: 7.42–10.21 vs. 10.73–11.40) (Table 10).

Figure 8. Coregonus sarnensis, Lake Sarnen, Switzerland A holotype, NMBE-1078159, 230 mm SL, 
male, freshly caught specimen B, C holotype, NMBE-1078159, preserved specimen D paratype, NMBE-
1078146, Lake Lucerne, 223 mm SL, female. Scale bars: 1cm.
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Table 7. Morphological and meristic data of Coregonus sarnensis from Lake Sarnen, NMBE-1078159 
holotype, contemporary specimen; paratypes of contemporary specimens N = 27. For males and both 
sexes the holotype is included in the range and mean.

Species Coregonus sarnensis
Morphological characters Holotype Holotype + Paratypes Paratypes Holotype + Paratypes

Ntotal = 28 Nfemales = 7 Nmales = 21
mean range mean range mean range

Standard length (mm) 230 221.8 188–262 219 207–242 222.7 188–262
Percentage of standard length
Pelvic fin base 3.9 3.9 3.3–4.6 3.8 3.4–4.4 4 3.3–4.6
Pelvic fin ‘spine’ length 6.2 6.2 4.8–7.1 6 4.8–7 6.2 5.1–7.1
Pelvic fin length 15.7 17 15.4–18.3 16.4 15.4–18.3 17.1 15.7–18.3
Pectoral fin base 3.1 3.2 2.7–3.8 3.1 2.8–3.4 3.3 2.7–3.8
Pectoral fin 1 length 17 17 15.4–19.4 16.6 15.7–18 17.2 15.4–19.4
Pectoral fin 2 length 18.2 18 16–21.3 17.6 16.2–19.1 18.2 16–21.3
Dorsal fin base 11 11.5 9.5–12.7 11.4 10.9–12.7 11.5 9.5–12.6
Length of anterior part of dorsal fin erected 16.7 18.3 16.7–19.5 18.3 17–19.4 18.3 16.7–19.5
Length of anterior part of dorsal fin depressed 18.4 19.8 17.8–21.6 19.5 17.8–20.5 19.9 18.4–21.6
Length of posterior part of dorsal fin erected 5.7 5.6 4.6–6.5 5.6 4.8–6.2 5.5 4.6–6.5
Anal fin base 12.2 12.2 10.5–13.9 12.3 11.6–13.9 12.2 10.5–13.4
Length of anterior part of the anal fin 12.5 12.8 11.9–14.2 12.6 11.9–14 12.9 11.9–14.2
Adipose fin base 5.2 5 3.8–6.3 5.1 3.9–5.7 5 3.8–6.3
Caudal fin length 25 24.2 22.4–26.4 24.2 22.5–26.4 24.2 22.4–25.5
Caudal peduncle depth 7.8 7.7 7.1–8.6 7.7 7.1–8.6 7.7 7.2–8.2
Caudal peduncle length 13 12.6 11.5–14.1 12.4 11.5–13.7 12.6 11.7–14.1
Length from posterior part of adipose fin to 
caudal fin base

18.2 18.2 15.5–21.7 18.3 15.5–21.7 18.2 16.2–20

Dorsal head length 16.2 15.4 14.1–17 15.4 14.2–17 15.4 14.1–16.6
Prepelvic length 50.5 51.4 49–55.5 52.2 49.6–55.5 51.1 49–54
Preanal length 75.7 77.8 75.5–81.3 78.4 76.2–81.3 77.7 75.5–79.2
Predorsal length 49.7 47.7 44.1–51.5 47.5 44.1–51.2 47.8 45.1–51.5
Body depth 25.9 25.3 22.4–27.8 25.4 24–27.8 25.3 22.4–27.5
Postdorsal length 42.5 42.9 39.4–46.2 42.3 39.4–46.2 43 41.2–45.8
Head length 23.1 22 20.8–24 21.9 20.8–24 22 20.8–23.8
Total length 123.7 121.9 119.3–124.6 121.7 120.5–123.6 122 119.3–124.6
Head length (mm) 53.1 48.8 40.2–58.5 48.1 43–55.4 49 40.2–58.5
Percentage of head length
Snout length 23.6 22.4 19.8–24.3 21.9 20.1–24.3 22.5 19.8–23.9
Eye diameter 25.2 23.9 22.1–27.1 24 23–24.7 23.9 22.1–27.1
Eye cavity 27.7 28.6 26.3–31 29.2 28.9–29.8 28.4 26.3–31
Eye height 25.1 24 21–26.3 24.8 23.2–25.6 23.7 21–26.3
Eye socket 3.8 4.3 3.3–6.2 4.1 3.3–5.6 4.4 3.3–6.2
Postorbital length 50.5 51 47.7–55.9 51.4 49.8–54 50.8 47.7–55.9
Head depth 69.9 67.8 62.7–74.3 68 65.3–71.7 67.8 62.7–74.3
Mouth width 9.3 9.4 7.6–10.9 8.9 7.6–10.2 9.5 8.4–10.9
Upper jaw length 30.2 28.7 26.8–30.9 29.1 27.8–30.9 28.6 26.8–30.8
Lower jaw length 39.8 40.9 37.1–43.3 41.3 40.4–42.2 40.8 37.1–43.3
Length of maxilla 22.8 21.2 18.8–23.5 21.3 19.1–23.5 21.2 18.8–23
Snout depth 6.5 7.6 6.2–9.2 7.7 6.4–8.9 7.5 6.2–9.2
Snout width 14.5 15.5 12.5–18.1 15.5 14–16 15.5 12.5–18.1
Head width 51.7 47.8 43.7–53.3 47.6 44.8–50.3 47.9 43.7–53.3
Interorbital width 26.8 26.2 23.8–28.1 26.6 24.5–28.1 26 23.8–27.7
Internarial width 12 12 10.6–13.6 11.9 10.6–12.7 12.1 10.7–13.6
Lower jaw length 7.9 8.2 6.7–9.2 7.8 6.7–9.2 8.3 6.9–9.2
Lower jaw width 23 22.7 18.9–26.9 23 20.8–26.9 22.5 18.9–26.9
Middle gill raker length 10.7 11.5 9.2–14.7 11.1 9.5–12.4 11.6 9.2–14.7
Longest gill raker length 11.5 13 10.6–15.8 12.6 11.6–14.9 13.1 10.6–15.8
Upper arch length 19.6 18.2 15.6–21.4 18.7 16.6–20.4 18.1 15.6–21.4
Lower arch length 28.1 33.9 28.1–38.1 34.3 31.9–36.7 33.8 28.1–38.1
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Coregonus sarnensis – Coregonus nobilis
Coregonus sarnensis can be differentiated from C. nobilis by having a longer erected 

and depressed anterior part of dorsal fin (erected: 16.7–19.5% SL, mean = 18.3 vs. 
15.3–17.2% SL, mean = 16.3; depressed: 17.8–21.6% SL, mean = 19.8 vs. 16.7–18.8% 
SL, mean = 17.8), longer caudal fin (22.4–26.4% SL, mean = 24.2 vs. 20.1–23.8% 
SL, mean = 22.3), deeper caudal peduncle (7.1–8.6% SL, mean = 7.7 vs. 6.3–7.6% 
SL, mean = 6.8), longer dorsal head length (14.1–17% SL, mean = 15.4 vs. 12.8–
14.9% SL, mean = 13.6), larger eye (eye diameter: 22.1–27.1% HL, mean = 23.9 vs. 
20.2–23.1% HL, mean = 21.8; eye cavity: 26.3–31% HL, mean = 28.6 vs. 24.2–28% 
HL, mean = 26) and a shallower snout (6.2–9.2% HL, mean = 7.6 vs. 7.9–12.4% 
HL, mean = 10.5) (Tables 5, 7). Based on ratios C. sarnensis can be differentiated 
from C. nobilis by having a smaller ‘postdorsal length / eye cavity’ ratio (PostD/EC: 
5.94–7.94 vs. 7.87–9.77) (Table 10).

Coregonus sarnensis – Coregonus muelleri
Coregonus sarnensis can be differentiated from C. muelleri by having a deeper cau-

dal peduncle (7.1–8.6% SL, mean = 7.7 vs. 6.3–7.4% SL, mean = 6.9), being deeper 
bodied (22.4–27.8% SL, mean = 25.3 vs. 19.8–24.9% SL, mean = 21.9), having a 
wider eye socket (3.3–6.2% SL, mean = 4.3 vs. 1.9–4.6% SL, mean = 3) and wider 
head (43.7–53.3% SL, mean = 47.8 vs. 37.2–48.7% SL, mean = 43.8) (Tables 6, 7).

Distribution and notes on biology. Coregonus sarnensis occurs in Lake Sarnen. It 
has further been identified by genetic assignments to be present in Lake Alpnach (Sup-
pl. material 1: figs S2, S3), which it most likely colonised naturally over the River Sarner 
Aa. It has also been shown to be present south of the alps in Lake Maggiore. The ‘Bon-
della’ (local name of the population) of Lake Maggiore derives from translocations and 
has been shown to group in a neighbour-joining tree with C. sarnensis from Lake Sarnen 
(Hudson et al. 2011). Lake Sarnen was once part of Lake Lucerne (connected through 
Lake Alpnach respectively) and got disconnected by amassing of sediments from the 
rivers Grosse Schlieren, Kleine Schlieren, and Grosse Melchaa several thousand years 
ago (Steinmann 1950; Pfiffner 2021). The occurrence of whitefish scales in sediment 
cores from Lake Sarnen that predate (scales found in the sediment layer of 1861–1857 
(Suppl. material 1: fig. S1)) the earliest allochthonous whitefish introductions (1888) 
and independent genetic grouping of the Lake Sarnen population (AFLP data: Hudson 
et al. 2011; Microsattelite data: Suppl. material 1: figs S2, S3) from the lakes that seeded 
the allochthonous whitefish introductions (lakes Sempach, Zug, Lucerne) suggest that 
Lake Sarnen harbours an endemic whitefish species (this is discussed in more detail in 
the Suppl. material 1: paragraph 1). Information on the spawning season of C. sarnensis 
derive from two targeted spawning events by O.M. Selz and the fishery warden A. von 
Deschwanden in November of the year 2018 (pers. comm.). Thus, the spawning season 
of C. sarnensis is known only for November (although it may be stretching into Decem-
ber based on anecdotal information from recreational fishermen, which see large aggre-
gations of putative whitefish in the deeper waters in December on their echosounders 
and in some cases they catch pike at these places with ripe whitefish in their stomachs in 
December) and it spawns at depth of 20 metres down to the lake bottom at 50 metres.
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Etymology. The specific name sarnensis refers to Sarnen, a village on the shores of 
the lake to which it gave its name. An adjective.

Common names. Sarnerfelchen, Sarneralbeli.

Lake Zug whitefish

Coregonus supersum sp. nov.
https://zoobank.org/7502CA0A-1E34-4DC5-825D-DFEE7F4B1E0C
Figs 9, 14, Tables 8, 10–14, Suppl material 1: figs S2, S3, table S13

Coregonus ‘Balchen’: Douglas and Brunner 2002.
Coregonus crassirostris compactus: Fatio 1885 (see also synonymy of C. zugensis).
Coregonus lavaretus nat. riusensis, oekot. primigenius: Steinmann 1950 (see also syn-

onymy of C. sarnensis, C. suidteri, and C. litoralis).
Coregonus schinzii helveticus var. zugensis: Fatio 1890 (see also synonymy of C. litoralis)
Coregonus suidteri: Kottelat 1997; Kottelat and Freyhof 2007; Vonlanthen et al. 2012, 

2015 (see also synonymy of C. litoralis and C. suidteri).
Coregonus sp. ‘Zugerbalchen’: Vonlanthen et al. 2012.
Coregonus sp. ‘Zugerseebalchen’: Steinmann 1950.

Material examined. Holotype. Historical specimen (year 1939): NMBE-1076275, 
288 mm SL, male; Switzerland: Lake Zug. Paratypes. All from Switzerland, Lake 
Zug: Historical specimens (years 1907, 1937, 1939, 1941): NMBE-1076265, 
NMBE-1076267, NMBE-1076268, NMBE-1076277, MHNG 2786.063, N = 5, 
263–411 mm SL.

Diagnosis. Coregonus supersum is a large whitefish species with strong pigmenta-
tion of all fins and the body; greenish blue colour on the flanks above the lateral line; 
deep bodied (23.2–26.6% SL, mean = 24.4); blunt snout; short head (19.8–21.8% 
SL, mean = 20.9); sub-terminal mouth; small eye (eye diameter: 18.2–21.7% HL, 
mean = 19.9) with a thick and triangular-shaped eye socket; short and stout caudal 
peduncle (caudal peduncle depth: 6.7–8.1% SL, mean = 7.2; caudal peduncle length: 
12.2–14.4% SL, mean = 13.1); few and short gill rakers (longest gill raker: 8.9–12.4% 
HL, mean = 10.1; total gill raker number: 21–27).

Description. Shape: Generally, deep bodied with greatest body depth anterior of 
dorsal fin. Dorsal profile from tip of snout to anterior origin of dorsal fin is strongly 
convex and ventral profile moderately convex or almost straight from interorbital area 
to the pelvic fin origin. Head short. Mouth short, wide and sub-terminal. Rostral plate 
pronounced and a bit wider than deep resulting in a slightly rectangular shape. Tip 
of snout often blunt. Small eye with a thick and mostly sickle cell-shaped eye-socket. 
Pectoral fin moderately tapered and moderately short. Dorsal fin long. Caudal pedun-
cle stout and short with caudal fin moderately forked. Unbranched rays of anal fin 
slightly bent posteriorly. Anal fin longest anteriorly and progressively shortening pos-
teriorly with outer margin of anal fin mostly straight and only rarely slightly concave. 

https://zoobank.org/7502CA0A-1E34-4DC5-825D-DFEE7F4B1E0C
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Meristics: Few and short gill rakers. Colour: Pigmentation of fins and body overall 
strong. Pectoral fin moderately pigmented at the median to distal parts of the fin. 
All other fins are strongly pigmented. Silvery appearance along the flanks. The pre-
served specimens have moderate to many pigmented small dots (aggregation of mel-
anophores) on the scales along the flank and the dorsum. Dorsally above the lateral 
line the silvery appearance changes to a greenish blue colour. The dorsal part of the 
head and the snout around the nostrils is strongly pigmented. The pre-operculum and 
operculum are silvery with one black spot on the lower margin of the pre-operculum. 
Preserved specimens are pale in colouration with similar pigmentation as described for 
live specimens. Preserved fish are brownish in colouration.

Differential diagnosis. 

Coregonus supersum – Coregonus zugensis
Coregonus supersum can be differentiated from C. zugensis by having a shorter head 

(dorsal head length: 13.6–15.4% SL, mean = 14.4 vs. 14.9–16.8% SL, mean = 15.7; head 
length: 19.8–21.8% SL, mean = 20.9 vs. 21.3–23.5% SL, mean = 22), a smaller eye (eye 
diameter: 18.2–21.7% HL, mean = 19.9 vs. 19.7–25.3% HL, mean = 22.9; eye height: 
19.4–22.2% HL, mean = 20.9 vs. 21.7–26.7% HL, mean = 23.9), a longer upper and lower 
jaw and maxilla (upper jaw: 24.3–28% HL, mean = 26.5 vs. 26.7–33.3% HL, mean = 30.4; 
lower jaw: 36.3–41.6% HL, 37.9 vs. 38.4–44.6% HL, mean = 42; maxilla: 17.8–21.3% 
HL, mean = 18.8 vs. 20.2–25.4% HL, 22.9), a deeper snout (9.2–12% HL, mean = 10.6 

Figure 9. Coregonus supersum, Lake Zug, Switzerland A holotype, NMBE-1076275, 288mm SL, male, 
preserved specimen B paratype, MHNG-2786.063, 286mm SL, sex unknown, preserved specimen. Scale 
bars: 1 cm
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vs. 6.6–9.2% HL, mean = 8), shorter gill rakers (middle gill raker: 6.8–11.3% HL, mean 
= 8.4 vs. 10.2–15% HL, mean = 12.6; longest gill raker: 8.9–12.4% Hl, mean = 10.1 vs. 
11.2–17.7% HL, mean = 14.3) and less gill rakers (upper arch gill raker number: 7–9, 
mode = 9 vs. 11–15, mode =12; lower arch gill raker number: 14–18, mode = 15 vs. 21–26, 
mode = 22; total number of gill rakers: 21–27 vs. 33–40) (Tables 8, 13). Based on ratios 
C. supersum can be differentiated from C. zugensis by having a larger ‘caudal peduncle depth 
/ dorsal head length’ ratio (CD/DHL: 0.46–0.58 vs. 0.37–0.44) (Table 11).

Coregonus supersum – Coregonus obliterus
Coregonus supersum can be differentiated from C. obliterus by having a shorter 

caudal fin (15.8–21.7% SL, mean = 19.4 vs. 21.2–24.1% SL, mean = 22.2), a smaller 
eye (eye diameter: 18.2–21.7% HL, mean = 19.9 vs. 21.5–24.7% HL, mean = 23.2; 
eye cavity: 23.1–27.2, mean = 25.2 vs. 27.9–31% HL, mean = 28.9; eye height: 19.4–
22.2% HL, mean = 20.9 vs. 23–25.2% HL, mean = 23.9) and longer longest gill raker 
(8.9–12.4% HL, mean = 10.1 vs. 7.6–10.6% HL, mean = 8.8) (Table 8). Based on 
ratios C. supersum can be differentiated from C. obliterus by having a larger ‘predorsal 
length / eye height’ ratio (PreD/EH: 10.52–12.07 vs. 8.46–9.73) and a larger ‘adipose 
fin base / eye depth’ ratio (AdFB/ED: 1.15–1.42 vs. 0.64–1) (Table 11).

Coregonus supersum – Coregonus litoralis
Coregonus supersum can be differentiated from C. litoralis by having a shorter dorsal 

head length (13.6–15.4% SL, mean = 14.4 vs. 14.4–17.9% SL, mean = 15.2), a short-
er middle gill raker (6.8–11.3% HL, mean = 8.4 vs. 8.9–13.4% HL, mean = 11.1) and 
by having a larger ‘mouth width / snout depth’ ratio (MW/SD: 1–1.21 vs. 0.75–1) 
(Tables 2, 8, 11).

Coregonus supersum – Coregonus suidteri
Coregonus supersum can be differentiated from C. suidteri by having a shallower pel-

vic fin base (3.6–4.3% SL, mean = 3.9 vs. 4.6–4.9% SL, mean = 4.7), a shallower pecto-
ral fin base (2.8–3.7% SL, mean = 3.2 vs. 3.5–3.9% SL, mean = 3.7), a shorter erected 
anterior anal fin (11.3–12.8% SL, mean = 11.8 vs. 12.4–14.2% SL, mean = 13.3), a 
longer distance from the posterior part of the adipose fin to the caudal fin base (17.2–
19.7% SL, mean = 18.4 vs. 13.7–15.6% SL, mean = 14.6), a shorter pre-dorsal dis-
tance (46.4–48.6% SL, mean = 47.3 vs. 49.5–50.2% SL, mean = 49.8), a smaller eye 
(eye diameter: 18.2–21.7% HL, mean = 19.9 vs. 21.9–23.9% HL, mean = 22.9; eye 
cavity: 23.1–27.2% HL, mean = 25.2 vs. 29.6–30% HL, mean = 29.8; 19.4–22.2% 
HL, mean = 20.9 vs. 23.6–23.7% HL, mean = 23.7), a less wide and shorter mouth 
(mouth width: 8.4–10.5% HL, mean = 9.3 vs. 10.3–11.1% HL, mean = 10.7; upper 
jaw length: 24.3–28% HL, mean = 26.5 vs. 27.8–30.1% HL, mean = 28.9; lower jaw 
length: 36.3–41.6% HL, mean = 37.9 vs. 41.5–42.2% HL, mean = 41.9; maxilla: 
17.8–21.3% HL, mean = 18.8 vs. 21.3–23% HL, mean = 22.1), a wider interorbital 
width (25.8–29.7% HL, mean = 27.5 vs. 19.7–25.4% HL, mean = 22.6), a less wide 
internarial width (10.7–13.9% HL, mean = 12 vs. 13.8–15.4% HL, mean = 14.6) and 
lower jaw width (7.2–9.2% HL, mean = 8.1 vs. 11.7–12.3% HL, mean = 12) (Table 8).
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Table 8. Morphological and meristic data of historical specimens of Coregonus supersum, C. obliterus and 
C. zugensis from Lake Zug and of C. suidteri from Lake Sempach. Coregonus supersum, NMBE-1076275, 
holotype; paratypes N = 5. C. obliterus, NMBE-1076268, holotype; paratypes N = 6. C. zugensis, syntypes 
N = 12. C. suidteri, syntypes, N = 2.

Lake Zug Sempach
Species Coregonus supersum Coregonus obliterus Coregonus zugensis Coregonus suidteri

Holotype Holotype + 
Paratypes

Holotype Holotype + 
Paratypes

Lectotype Lectotype + 
Paralectotypes

Syntypes

Ntotal = 6 * Ntotal = 7 ** Ntotal= 12 *** Ntotal= 2
Morphological 

characters
mean range mean range mean range MHNG-

715.089
MHNG-
816.026

Standard length 
(mm)

288 299 263.5–411 282 272.9 250–288 205 198.5 174–236 311 312

Percentage of standard length
Pelvic fin base 4.3 3.9 3.6–4.3 3.9 3.5 3–4 3.9 3.8 2.8–4.5 5 4.6
Pelvic fin ‘spine’ 
length

6.3 6.4 5.6–6.9 4.9 5.4 4.8–6.5 6.7 6.4 4.9–7.5 7 4.6

Pelvic fin length 17.2 15.8 14.6–17.9 16.1 16.3 15.4–17.7 16.5 17.2 15.7–19 18.9 16.2
Pectoral fin base 2.8 3.2 2.8–3.7 3.3 3.4 2.9–4 3.4 3.6 2.5–4.2 3.9 3.5
Pectoral fin 1 
length

14.8 15.3 13.3–17.7 14.8 15.2 14.6–17 17.2 17 10.5–19.2 17.5 15.2

Pectoral fin 2 
length

15.9 16.2 14.2–18.3 16.4 16.4 15.7–18 18.4 18.5 13.8–20.9 18.8 15.9

Dorsal fin base 11.6 12.1 10–14.5 10.8 11.8 10.8–13.7 10.7 11 9.5–12.8 11.3 11.7
Length of anterior 
part of dorsal fin 
erected

18.1 17.4 15.2–19.6 15.6 17.3 15.6–18.8 17.6 18.5 16.8–20.2 19.1 18.3

Length of anterior 
part of dorsal fin 
depressed

19 18.9 16.4–21.3 16.7 18.5 16.7–20.1 18.4 19.7 18.4–21.8 20.6 19.5

Length of poste-
rior part of dorsal 
fin erected

4.5 5.2 4.4–6.2 5.1 5.4 4.7–6.1 6.2 6 5.5–7.2 7.3 5.8

Anal fin base 11 11.5 10.8–12 11.2 11.7 10.9–12.8 11.3 12.2 9.4–14.3 11.4 12.5
Length of anterior 
part of the anal fin

11.3 11.8 11.3–12.8 12.2 12.2 11.7–13 11.2 12.5 11.2–13.7 14.2 12.4

Adipose fin base 5.1 5.4 5–5.6 5.4 4.5 3–5.4 7.3 6 4.8–7.3 5 3.9
Caudal fin length 20.9 19.4 15.8–21.7 21.7 22.2 21.2–24.1 na 23 19.9–27.2 na na
Caudal peduncle 
depth

7.2 7.2 6.7–8.1 6.7 7 6.6–7.4 7.2 7.2 6.4–8 8.7 7.8

Caudal peduncle 
length

14.4 13.1 12.2–14.4 12.9 13.7 12.1–16.4 13.1 13.8 12.5–14.8 13.3 13.5

Length from 
posterior part of 
adipose fin to 
caudal fin base

17.2 18.4 17.2–19.7 17.9 18.1 15.8–19.4 19.1 19.5 18.2–21.2 15.6 13.7

Dorsal head 
length

13.6 14.4 13.6–15.4 14.8 15.1 14.1–15.9 15.1 15.7 14.9–16.8 15.7 14.2

Prepelvic length 49.2 50.2 47.4–54.5 51.1 51 48.9–54.7 50.5 51.7 47.8–56.5 56.4 49.8
Preanal length 78.6 78.3 75.9–80.1 77.2 77.4 74.6–80.8 77.6 76.6 72.4–78.2 79.7 78.2
Predorsal length 48 47.3 46.4–48.6 48.6 47 44.1–48.6 46.7 47.4 45.4–50.2 50.2 49.5
Body depth 24.3 24.4 23.2–26.6 22.7 24.3 22.7–26.1 23 24 22.5–25.9 29 25.4
Postdorsal length 43.7 43.6 41.3–45.3 43.7 44.4 41.2–51.2 44.1 43.7 42.5–45.3 42.8 39.5
Head length 20.5 20.9 19.8–21.8 21.7 21.5 20.4–22.4 21.3 22 21.3–23.5 22 20
Total length 120 116.5 109.9–120 122 119.8 115.5–122 na 121.4 116.2–126 120 114
Head length 
(mm)

59.2 62.5 52.3–86.8 61.2 58.6 55.2–61.2 43.7 43.8 38.3–53.6 69.3 63.1
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Distribution and notes on biology. Coregonus supersum occurs in Lake Zug and 
it has been shown with genetic analysis (Hudson et al. 2011) that translocated popula-
tions of whitefish in Lake Maggiore (local name of the population is ‘Lavarello’) and 
Lake Lugano group in a neighbour-joining tree with the extant population of white-
fish from Lake Zug, suggesting that C. supersum also occurs in these two lakes south 
of the alps. Coregonus supersum is most likely the only species out of three species that 
did not go extinct in Lake Zug (this is discussed in more detail in the Suppl. material 
1: paragraph 4). Lake Zug used to harbour three whitefish species, of which two are 
extinct, C. zugensis and C. obliterus. The only extant whitefish species of Lake Zug is 
C. supersum. The extinction of C. obliterus and C. zugensis can be attributed to strong 
anthropogenic-induced eutrophication that was present in many Swiss lakes, which 
was accompanied by population collapse, speciation reversal, and extinction of Swiss 
whitefish (Vonlanthen et al. 2012; Frei et al. 2022a, b). Steinmann (1950) notes that 

Lake Zug Sempach
Species Coregonus supersum Coregonus obliterus Coregonus zugensis Coregonus suidteri

Holotype Holotype + 
Paratypes

Holotype Holotype + 
Paratypes

Lectotype Lectotype + 
Paralectotypes

Syntypes

Ntotal = 6 * Ntotal = 7 ** Ntotal= 12 *** Ntotal= 2
Morphological 

characters
mean range mean range mean range MHNG-

715.089
MHNG-
816.026

Percentage of head length
Snout length 20.3 21 19.6–22.7 21.4 21.3 18.8–22.8 19.4 21.4 19.4–23.8 21.5 20.8
Eye diameter 19 19.9 18.2–21.7 24.7 23.2 21.5–24.7 22.3 22.9 19.7–25.3 21.9 23.9
Eye cavity 24.1 25.2 23.1–27.2 28.8 28.9 27.9–31 26.8 27.4 24.5–29 29.6 30
Eye height 19.4 20.9 19.4–22.2 24.5 23.9 23–25.2 23.6 23.9 21.7–26.7 23.6 23.7
Eye socket 5 4.5 2.6–5.1 2 4.5 2–6.5 3.9 3.8 1.6–5.9 6.5 4.5
Postorbital length 54.5 54.1 52.7–54.6 53.1 52.4 49.2–54.6 52.7 51.5 49.1–54.1 50.9 51.7
Head depth 65.9 70.3 65.2–81.9 68.4 70.4 65–74.7 71.4 69.3 64.6–73.6 78.7 74
Mouth width 9.2 9.3 8.4–10.5 8.9 9.4 8.7–10.5 9 9.5 6.7–11.3 11.1 10.3
Upper jaw length 25.7 26.5 24.3–28 27.3 26.6 22.4–28.7 26.7 30.4 26.7–33.3 30.1 27.8
Lower jaw length 36.5 37.9 36.3–41.6 39.5 38.5 37.1–42 43 42 38.4–44.6 41.5 42.2
Length of maxilla 18.5 18.8 17.8–21.3 18.4 19.6 17–21.7 20.2 22.9 20.2–25.4 21.3 23
Snout depth 10.5 10.6 9.2–12 9.1 10.1 8–13 6.6 8 6.6–9.2 10.2 9.9
Snout width 13.3 15.1 13.3–16.4 13.8 14.3 13.4–15.2 16.3 15.5 13.7–17.1 17 15.6
Head width 47.1 48.5 44.1–51.6 44.1 45.9 42.9–47.7 44.7 46 43.2–49 49.1 46.1
Interorbital width 26.9 27.5 25.8–29.7 28 28.4 26.4–29.7 24.2 25.3 23.3–27.1 25.4 19.7
Internarial width 11.6 12 10.7–13.9 14.1 13.2 10.7–14.1 12.2 11.9 10–13.5 15.4 13.8
Lower jaw length 7.7 8.1 7.2–9.2 6.9 8 6.9–8.8 8.6 8.4 7.4–9 12.3 11.7
Lower jaw width 22 23.1 20.5–25.6 22.4 23.4 21.8–25.1 20.1 22.9 20.1–25.6 24.6 24.2
Middle gill raker 
length

7.5 8.4 6.8–11.3 7.9 7.8 5.3–10.6 na 12.6 10.2–15 8.9 na

Longest gill raker 
length

10.2 10.1 8.9–12.4 8.3 8.8 7.6–10.6 na 14.3 11.2–17.7 9.1 na

Upper arch length na na na na na na na 15.1 na 17.3 na
Lower arch length na na na na na na na 29.7 na 30.9 na

* N=5 for CF, TL, MGR; LGR, UA, LA; ** N=11 for SL, PELVB, PELVFS, PELVF, PECFB, PECF1, PECF2, DFB, DFPe, DFPd, 
DFAe, AFB, AFPe, AdFB, CD, CL, PAdC, DHL, PreP, PreA, PreD, BD, PostD, HL, MGR, LGR; N=10 for CF; N=8 for TL; N=1 for 
UA, LA; ** N=6 for DFPe, DFPd, AFPe, TL, LJW; N=5 for CF; *** N=11 for SL, PELVB, PELVFS, PELVF, PECFB, PECF1, PECF2, 
DFB, DFPe, DFPd, DFAe, AFB, AFPe, AdFB, CD, CL, PAdC, DHL, PreP, PreA, PreD, BD, PostD, HL, MGR, LGR; N=10 for CF; 
N=8 for TL; N=1 for UA, LA.



A taxonomic revision of whitefish radiations of several Swiss lakes 143

C. supersum feeds on zooplankton and benthic prey items. A habitat-stratified fish-
ing campaign in Lake Zug during a short time window in summer showed that the 
whitefish population of Lake Zug only occupies the first 20 metres of the pelagic and 
benthic water column, despite Lake Zug being almost 200 metres deep; below 81 me-
tres no fish were caught, which is attributed to anoxic conditions in the hypolimnion 
(Vonlanthen et al. 2015). The spawning season of C. supersum used to take place in 
the last few weeks of December (Steinmann 1950), but in recent years this has shifted 
to the first weeks of January (P. Reichlin, pers. comm.). Coregonus supersum spawns in 
depths of ~ 10–40 m (Steinmann 1950; P. Reichlin, pers. comm.).

Etymology. The specific name supersum means in Latin to be ‘left over’ or to have 
‘survived’. The name refers to the fact that this is the only species to exist to date in 
Lake Zug. A verb.

Common name. We suggest the German name Zugerbalchen.

Coregonus zugensis Nüsslin, 1882
Figs 10, 14, Tables 8, 10–14, Suppl. material 1: tables S1, S2

Coregonus sp. ‘Albeli’: Fatio 1885.
Coregonus sp. ‘Albeli-Albock’: Fatio 1890 (see also synonymy of C. obliterus).
Coregonus crassirostris compactus: Fatio 1885 (see also synonymy of C. supersum).
Coregonus lavaretus nat. riusensis, oekot. primigenius nanus: Steinmann 1950 (see also 

synonymy of C. muelleri and C. sarnensis).
Coregonus macrophthalmus var. Zugensis: Nüsslin 1882.
Coregonus wartmanni compactus: Fatio 1890 (see also synonymy of C. obliterus).
Coregonus sp. ‘Zugeralbeli’: Vonlanthen et al. 2012, 2015.
Coregonus ‘Zugerseealbeli’: Steinmann 1950.

Material examined. Syntypes. All from Switzerland, Lake Zug: Historical specimens 
(years 1879, 1890, 1937, 1939): MHNG-715.093, NMBE-1076263 (EAWAG-279-1, 
EAWAG279-2), NMBE-1076264 (EAWAG-280-1, EAWAG-280-2), NMBE-
1076266 (EAWAG-282-1, EAWAG-282-2), NMBE-1076275 (EAWAG-290-2, 
EAWAG-290-3, EAWAG-290-3, EAWAG-290-4, EAWAG-290-5, EAWAG-290-6), 
N = 12, 173–236mm SL.

Diagnosis. Coregonus zugensis is a small whitefish species with weak pigmenta-
tion of all fins and body; pale olive-brown colouration on the flanks above the lateral 
line; elongate slender body (body depth: 22.5–25.9% SL, mean = 24); large eye (eye 
diameter: 19.7–25.3% SL, mean = 22.9) with a subtle triangular eye socket (1.6–
5.9% HL, mean = 3.8); many and long gill rakers (longest gill raker: 11.2–17.7% HL, 
mean = 14.3; total gill raker number: 33–40).

Description. Shape: Body elongated and slender. Greatest body depth anterior of 
the dorsal fin. Ventral profile and dorsal profile similar and slightly arched. Dorsal and 
ventral profile from tip of snout to interorbital mostly straight and then slightly convex 
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to dorsal and pelvic fin origin respectively. Head long. Snout long and tip of snout if 
slightly pointed resulting in a not strongly pronounced rostral plate. Mouth long and 
terminal. Large eye with a subtle sickle cell-shaped (seldom roundish) eye-socket. Pec-
toral fin long and tapered. Caudal peduncle moderately stout. Meristics: Many and 
long gill rakers. Colour: Pigmentation of fins and body weak in live specimens. Pecto-
ral fin transparent and pelvic and anal fin mostly transparent. Pectoral fin very rarely 
pigmented at the distal part of the fin and the anal and pelvic fin rarely moderately 
pigmented at the median to distal parts of the fin. Dorsal, caudal and adipose fin mod-
erately pigmented. Silvery appearance along the flanks. Dorsally above the lateral line 
the silvery appearance changes to a pale olive-brown. Pre-operculum and operculum 
with one black spot on the lower margin of the pre-operculum. Preserved specimens 
are brownish in colouration.

Differential diagnosis. The differential diagnoses against the historical specimens 
of C. supersum from Lake Zug are given under that species account.

Coregonus zugensis – Coregonus obliterus
Coregonus zugensis can be differentiated from C. obliterus by having a wider adi-

pose fin base (4.8–7.3% SL, mean = 6 vs. 3–5.4% SL, mean = 4.5), a smaller eye cav-
ity (24.5–29% HL, mean = 27.4 vs. 27.9–31% HL, mean = 28.9), a longer maxilla 
(20.2–25.4% HL, mean = 22.9 vs. 17–21.7% HL, mean = 19.6), a shallower snout 
(6.6–9.2% HL, mean = 8 vs. 8–13% HL, mean = 10.1), a less wide interorbital (23.3–
27.1% HL, mean = 25.3 vs. 26.4–29.7% HL, mean = 28.4) and longer and more gill 
rakers (middle gill raker: 10.2–15% HL, mean = 12.6 vs. 5.3–10.6% HL, mean = 7.8; 
longest gill raker: 11.2–17.7% HL, mean = 14.3 vs. 7.6–10.6% HL, mean = 8.8; up-
per arch gill raker number: 11–15, mode = 12 vs. 7–9, mode = 9; lower arch gill raker 
number: 21–26, mode = 22 vs. 13–18, mode= 14; total gill raker number: 33–40, 
mode = 35, 37 vs. 21–26, mode = 25). Based on ratios C. zugensis can be differentiated 
from C. obliterus by having a smaller ‘eye diameter / maxilla’ ratio (EC/M: 1.11–1.34 
vs. 1.38–1.65) (Tables 8, 11, 13).

Coregonus zugensis – Coregonus muelleri
Coregonus zugensis can be differentiated from C. muelleri by having a deeper caudal 

peduncle (6.4–8% SL, mean = 7.2 vs. 6.1–6.8% SL, mean = 6.5), a smaller eye cav-
ity (24.5–29% HL, mean = 27.4 vs. 27–31.9% HL, mean = 29.2) and a deeper head 
(64.6–73.6% HL mean = 69.3 vs. 61.8–69.7% HL, mean = 65.2). Based on ratios 
C. zugensis can be differentiated from C. muelleri by having a smaller ‘caudal peduncle 
depth / prepelvic length’ ratio (CD/PreP: 0.13–0.15 vs. 0.12–0.13) (Tables 6, 8, 11).

Distribution and notes on biology. Coregonus zugensis occurred in Lake Zug and 
is extinct today (this is discussed in more detail in the Suppl. material 1: paragraph 4). 
Fatio (1885) mentions in a table three whitefish species for lake Zug ‘Balchen’, ‘Al-
bock’, and ‘Albeli’, but later Fatio (1890) only mentions two whitefish species for Lake 
Zug, namely the ‘Balchen’ (Coregonus schinzii helveticus var. zugensis) and the ‘Albeli-
Albock’ (Coregonus wartmanni compactus). Interestingly, Wagler (1937) noted two spe-
cies to be present in Lake Zug with a remark that a third species may exist, but that 
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its status is uncertain. Fatio (1890) does mention that fishermen have suggested that 
among the ‘Albeli-Albock’ there are individuals that are smaller and spawn later in the 
year, which they refer to as ‘Albeli’, when compared to the individuals they refer to as 
‘Albock’ that are slightly larger and spawn earlier in the year. However, the specimens 
that Fatio (1890) could examine did not warrant this distinction and thus he suggested 
to group the ‘Albeli’ and ‘Albock’ under the name ‘Albeli-Albock’. Fatio (1890) sug-
gested that the ‘Albeli-Albock’ spawn in mid-September to mid-October in Lake Zug 
at depths of 150–180 metres. However, with the findings that Lake Zug did harbour 
three species of whitefish (see the notes on biology of C. supersum and the Suppl. ma-
terial 1: paragraph 4 for details) and taking into account the spawning Table in Fatio 
(1885) and the reports by local fishermen from that time period (Fatio 1885, 1890) we 

Figure 10. Coregonus zugensis, Lake Zug, Switzerland A, B syntype, MHNG-715.093, 205 mm SL, sex 
unknown, preserved specimen C syntype, NMBE-1076275 (Steinmann-290-2), 188 mm SL, female, 
preserved specimen. Scale bars: 1 cm.
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suggest that the ‘Albeli’, C. zugensis, spawned in comparison to C. obliterus (‘Albock’) 
later in the year from mid-October to late December in deep waters of the lake. Fatio 
(1885) states that the ‘Albeli’, C. zugensis, spawns in the deeper parts of the lake (‘fond’ 
in French) and that the ‘Albock’, C. obliterus, spawns in even deeper waters of the 
lake (‘grand fond’ in French). Fatio (1890) groups the ‘Albeli-Albock’ under Coregonus 
wartmanni compactus, which includes several other small and pelagic whitefish species 
from other lakes. This and the number and length of gill rakers of C. zugensis (many 
and long gill rakers) suggests, based on the functional properties of the number of gill 
rakers experimentally tested with specimens of other whitefish species from lakes Thun 
and Lucerne (Lundsgaard-Hansen et al. 2013; Roesch et al. 2013), that C. zugensis was 
feeding predominantly on zooplankton.

Etymology. The specific name zugensis refers to Zug, a city that gave its name to 
Lake Zug. An adjective.

Common name. Zugeralbeli.

Table 9. Morphological and meristic data of Coregonus gutturosus, C. arenicolus, C. macrophthalmus and 
C. wartmanni from Lake Constance. Coregonus gutturosus, non-types N = 10. Coregonus arenicolus, holo-
type, NMBE-1076223 (Eawag-239-1), sex unknown; paratypes N = 3. Coregonus macrophthalmus, syn-
types N = 7. C. wartmanni, non-type, NMBE-1076206, female.

Species Coregonus gutturosus Coregonus arenicolus Coregonus 
macrophthalmus

Coregonus 
wartmanni

Morphological characters Non-types N = 10 * Holotype Paratypes N = 3 ** Syntypes N = 7 *** Non-type
mean range mean range mean Range

Standard length (mm) 220.4 169–292 296.0 301.3 289–314 213.9 193–235 301
Percentage of standard length
Pelvic fin base 4.1 3.7–4.4 3.9 4.4 3.9–4.6 3.8 3.3–4.2 3.8
Pelvic fin ‘spine’ length 6.1 5.3–6.7 5.4 5.7 5.2–6.1 5.7 4.8–6.9 6.5
Pelvic fin length 17.1 15.4–19.1 17.3 17.3 16.8–18.1 16.5 15.2–17.6 15.4
Pectoral fin base 3.4 2.9–3.9 3.3 3.4 3.2–3.5 3.2 2.8–3.9 3
Pectoral fin 1 length 16.8 14.8–18.9 14.4 16.8 14.4–17.2 16.4 15.1–18.1 16
Pectoral fin 2 length 18.2 16.8–20.3 15.7 17.4 15.7–18 17.1 15.6–18.4 17
Dorsal fin base 11.9 10.7–12.8 12.2 12.2 11.0–13.1 11.6 10.8–12.4 11.2
Length of anterior part of 
dorsal fin erected

19.3 17.6–21.6 18.9 19.2 18.0–20.3 18.2 16.6–19.6 16.6

Length of anterior part of 
dorsal fin depressed

20.4 19.0–22.2 20.2 20.5 19.3–21.9 19.2 17.2–20.5 18.2

Length of posterior part of 
dorsal fin erected

5.5 4.8–7.0 5.2 5.5 5.2–5.7 5.2 4.4–5.9 4.6

Anal fin base 12.4 11.4–13.4 11.9 11.5 10.7–12.7 12.3 10.6–14.2 12.5
Length of anterior part of 
the anal fin

12.3 10.7–13.9 13.2 13.3 12.9–13.8 12.1 10.8–13.9 11.1

Adipose fin base 5.6 4.9–6.1 5.7 5 3.7–6.2 5.3 4.9–5.8 4
Caudal fin length 23.2 20.8–25.6 na 24 24–24.1 22.6 21.8–24 23.8
Caudal peduncle depth 7.4 6.7–8.2 7.7 8.1 7.7–8.2 7.4 6.9–8 7.4
Caudal peduncle length 12.9 11.5–13.9 14.4 12.9 12.0–14.4 13.8 12.4–16.5 13.2
Length from posterior part 
of adipose fin to caudal 
fin base

18.5 17.4–19.3 19.6 17.2 14.6–19.6 18.9 17.6–20.2 17.8

Dorsal head length 16.8 15.4–18.1 15.1 15.1 14.8–15.3 15.7 14.4–16.5 14.5
Prepelvic length 52.7 50.4–54.1 49.5 50.6 49.5–51.0 51.7 48.1–53.1 50.7
Preanal length 77.9 76.0–80.4 75.0 79.2 75.0–80.3 76.8 75.7–78.3 77.4
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Coregonus obliterus sp. nov.
https://zoobank.org/F466C3E4-459C-41C7-9940-29A33293FED0
Figs 11, 14, Tables 8, 10–14

Coregonus sp. ‘Albock’: Fatio 1885.
Coregonus sp. ‘Albeli-Albock’: Fatio 1890 (see also synonymy of C. zugensis).
Coregonus lavaretus nat. riusensis, oekot. primigenius nanus: Steinmann 1950 (see also 

synonymy of C. muelleri and C. sarnensis).
Coregonus wartmanni compactus: Fatio 1890 (see also synonymy of C. zugensis).

Material examined. Holotype. Historical specimen (year 1937): NMBE-1076268 
(EAWAG-284-1), 281 mm SL, sex male; Switzerland: Lake Zug. Paratypes. All from 
Switzerland, Lake Zug: Historical specimens (years 1937, 1939): NMBE-1076268 
(EAWAG-284-2, EAWAG-284-4), NMBE-1076271, NMBE-1076276, NMBE-
1076906 (EAWAG-956-1, EAWAG-956-2), N = 6, 250–288 mm SL.

Species Coregonus gutturosus Coregonus arenicolus Coregonus 
macrophthalmus

Coregonus 
wartmanni

Morphological characters Non-types N = 10 * Holotype Paratypes N = 3 ** Syntypes N = 7 *** Non-type
mean range mean range mean Range

Predorsal length 48.4 46.8–49.6 47.9 49.2 47.9–49.6 47 45.8–48.5 47.3
Body depth 25.9 22.9–29.6 24.4 26.2 24.4–27.1 23.5 21.0–26.9 23.5
Postdorsal length 43 40.6–45.4 44.8 42.2 40.4–44.8 43 41.6–45.7 44
Head length 22.9 21.4–24.6 20.9 21 20.6–21.4 22.2 21.8–23.5 21.5
Total length 120.2 115.1–124.3 na 121.5 119.4–123.5 119.2 118.9–120 120.6
Head length (mm) 50.3 41.6–62.4 61.8 63.7 59.6–67.2 47.5 42.6–51.3 64.7
Percentage of head length
Snout length 22.4 21.1–23.1 23.4 23.4 21.6–24.6 21.7 18–25.6 24
Eye diameter 21.1 19.4–23 19.6 17.7 17.3–19.6 24.1 21.3–26.1 18.9
Eye cavity 26.9 25.4–29.3 25.7 25 24.1–25.7 28.9 25.4–30.8 23.9
Eye height 21.3 20.5–22.6 20.8 19.6 18.8–20.8 23.2 19.5–25.6 19
Eye socket 4.8 3.5–5.6 4.9 5.2 4.6–5.5 3.9 2.7–4.6 5.1
Postorbital length 52.8 51.5–54.4 55.7 54 53–55.7 50.2 48.5–53.2 53.4
Head depth 74.2 69.9–80.6 68.2 72.6 68.2–75 68.6 61.6–76.3 67.6
Mouth width 9.8 9–11.2 10.4 10.5 10–11 10.1 8.7–11.1 10.6
Upper jaw length 26.8 24.6–29 27.2 29.3 27.2–30.1 30.3 26.7–33.8 28.8
Lower jaw length 36.6 34.3–39.1 37.8 38.7 37.8–39.1 42.2 40–44.4 43.5
Length of maxilla 18.9 17.3–21.7 21.1 19.7 18.6–21.1 23.1 20.1–24.7 22
Snout depth 10.2 9.3–11.9 9.7 10.9 9.7–12.3 7.4 5.5–9.5 6.8
Snout width 15.1 12.3–17.6 14.9 17.8 14.9–18.5 15.6 14.1–17.4 15
Head width 56.1 46.7–62.3 51.8 50.8 50.5–51.8 41.6 39.3–43.3 45.5
Interorbital width 28.4 26.2–31.6 29.6 29.7 28.8–30.8 26.1 23.8–28.9 24.2
Internarial width 11.9 10.7–12.7 12.0 13.7 12–13.8 11.9 10.7–14.1 12.7
Lower jaw length 7.7 6.8–9.9 7.8 8.1 7.8–8.5 7.8 6.4–8.8 8.1
Lower jaw width 25.2 23.1–26.8 24.9 26.4 24.9–27.2 21.6 18.6–24.6 22.7
Middle gill raker length 6.9 4.1–8.7 9.9 10.2 9.8–10.6 12.5 11.6–14.7 10.8
Longest gill raker length 8.2 6.7–10.6 10.9 11.5 10.9–12 14.6 13.3–16.1 11.3
Upper arch length na na na na na na na na
Lower arch length na na na na na na na na

*N=9forCF, TL, MGR, LGR; **N=2forCF, TL, MGR, LGR; ***N=6forMW; N=5for AFAe, M, INW, LJW; N=4forMGR, LGR.

https://zoobank.org/F466C3E4-459C-41C7-9940-29A33293FED0
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Diagnosis. Coregonus obliterus is a small whitefish species with moderate pig-
mentation of all fins and body; elongated slender body (body depth: 22.7–26.1% SL, 
mean = 24.3); short mouth (length of maxilla: 17–21.7% HL, mean = 19.6); pro-
nounced rostral plate; very large eye (eye diameter: 21.5–24.7% HL, mean = 23.2) 
with a subtle triangular (seldom roundish) eye socket; few and very short gill rakers 
(longest gill raker: 7.6–10.6% HL, mean = 8.8; total gill raker number: 21–26).

Description. Shape: Body elongated and slender. Greatest body depth anterior of 
the dorsal fin. Ventral profile and dorsal profile similar and slightly arched. Dorsal and 
ventral profile from tip of snout to interorbital mostly straight and then slightly convex 
to dorsal and pelvic fin origin respectively. Head long. Snout often 40–50° angle to 
the body axis anterior of the eye, such that the profile from the tip of the snout to the 
vertical projection where the anterior part of the eye crosses the dorsal profile is straight 
and afterwards slightly convex. Snout moderately long and tip of snout quite deep with 
a strongly pronounced rostral plate. Mouth short and terminal to sub-terminal. Very 
large eye with a subtle sickle cell-shaped (seldom roundish) eye-socket. Pectoral fin 
short and tapered. Caudal peduncle moderately stout. Meristics: Few and very short 
gill rakers. Colour: Pigmentation of fins and body moderate in preserved specimens. 
All fins moderately pigmented at the median to distal parts of the fin. Operculum with 
one black spot on the lower margin of the pre-operculum. Preserved specimens are 
brownish in colouration.

Differential diagnosis. The differential diagnoses against the historical specimens 
of C. supersum and C. zugensis from Lake Zug are given under those species’ accounts.

Figure 11. Coregonus obliterus, Lake Zug, Switzerland A holotype, NMBE-1076268, 281mm SL, male, 
preserved specimen B paratype, NMBE-1076268, 276 mm SL, female, preserved specimen. Scale bars: 1 cm.
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Distribution and notes on biology. Coregonus obliterus occurred in Lake Zug and is 
extinct today (this is discussed in more detail in the Suppl. material 1: paragraph 4). Fatio 
(1885) mentions three whitefish species for lake Zug, ‘Balchen’, ‘Albock’, and ‘Albeli’, but 
later Fatio (1890) only mentions two whitefish species for Lake Zug, namely the ‘Balchen’ 

Table 10. The first- and second-best ratios retrieved from the LDA ratio extractor of pair-wise compari-
sons of all or a subset of head and body characters of the contemporary specimens from the species of lakes 
Lucerne and Sarnen. For some comparisons only a subset of characters could be used (a-j); the respective 
characters that were included are listed at the end of the table. δ is a measure of how good shape discrimi-
nates in comparison to size (i.e., the smaller the less allometry). Ratios marked with an asterisk * have very 
little (not more than one specimen of one species overlaps with the other species) or no overlap and were 
thus eligible for use in the species key and the diagnoses.

Species comparison Best ratio Range species 1 Range species 2 Standard distance δ (shape vs. size)
C. litoralis vs. C. intermundia (a) PreD/ED * 10.89–12.75 9.92–10.59 19.5 0.17

SN/M * 1.17–1.39 1.02–1.17 18.95 0.18
C. litoralis vs. C. suspensus (b) CD/UJW * 1.74–1.97 1.5–1.68 11.98 0.27

CD/PreD * 0.16–0.18 0.15–0.16 11.43 0.28
C. litoralis vs. C. nobilis (c) CD/PostD * 0.17–0.21 0.14–0.16 54.78 0.06

PecF2/DFAe * 0.84–0.92 0.94–1.10 54.52 0.06
C. litoralis vs. C. muelleri (d) CD/ED * 1.87–2.25 1.12–1.43 34.61 0.24

HD/SW * 4.45–5.55 3.45–4.45 33.84 0.25
Species comparison Best ratio Range species 1 Range species 2 Standard distance δ (shape vs. size)

C. intermundia vs. C. suspensus (e) PreD/ED * 9.92–10.59 10.73–11.4 14.96 0.01
C. intermundia vs. C. nobilis (f ) CD/HW * 0.77–0.87 0.63–0.77 13.81 0.06
C. intermundia vs. C. muelleri (g) CD/ED * 1.53–1.84 1.12–1.43 16.58 0.28

Species comparison Best ratio Range species 1 Range species 2 Standard distance δ (shape vs. size)
C. suspensus vs. C. nobilis (h) PecFB/CD * 0.41–0.43 0.45–0.52 49.76 0.02
C. suspensus vs. C. muelleri (i) PreD/ED * 10.73–11.4 8.17–9.63 28 0.19

BD/LJ * 2.71–3.33 2.01–2.63 27.46 0.2
Species comparison Best ratio Range species 1 Range species 2 Standard distance δ (shape vs. size)

C. nobilis vs. C. muelleri (j) ED/HD * 0.27–0.33 0.35–0.42 29.85 0.21
Species comparison Best ratio Range species 1 Range species 2 Standard distance δ (shape vs. size)

C. sarnensis vs. C. litoralis (k) ED/HD * 0.33–0.39 0.25–0.30 99.33 0.04
C. sarnensis vs. C. intermundia (l) SL/ED 16.29–21.67 20.59–24.04 19.6 0.07
C. sarnensis vs. C. suspensus(m) PreD/ED * 7.42–10.21 10.73–11.40 7.24 0.17

PelvF/PreA * 0.20–0.24 0.20–0.21 6.56 0.17
C. sarnensis vs.C. nobilis (n) PostD/EC * 5.94–7.94 7.87–9.77 14.28 0.14

Multispecies comparison
C. muelleri vs. C. intermundia + C. nobilis (o) TL/ED * 21.37–24.65 24.45–29.59 9.75 0.40

(a) PecF2, DFB, DFAe, DFAd, DFPe, CD, CL, PAdC, DHL, PreP, PreA, PreD, PostD, SN, ED, EH, HL, MW, UJ, LJ, M, SW, HW, 
UJW, ES (b) DFAe, CD, PAdC, DHL, PreP, PreA, PreD, PostD, SN, ED, HL, MW, UJ, LJ, M, UJW
(c) PelvF, PecF2, DFB, DFAe, DFAd, DFPe, AFAe, AdFB, CD, CL, PAdC, DHL, PreP, PreA, SL, PreD, PostD, SN, ED, EC, EH, HL, 
HD, MW, UJ, LJ, M, SW, HW, IOW, UJW, ES (d) all characters except PelvFS,  SL,  INW,  CF,  TL
(e) PelvFB, CD, DHL, PreP, PreA, PreD, PostD, SN, ED, HL, MW, UJ, LJ, M, SD, UJW, ES (f ) PelvF, PecF2, DFB, DFAe, DFAd, 
DFPe, AFAe, CD, CL, PAdC, DHL, PreP, PreA, PreD, BD, PostD, SN, ED, EH, PostO, HL, HD, MW, UJ, LJ, M, SW, 
HW, IOW, LJW, UJW, ES (g) all characters except CF,  TL (h) PelvFB, PELVF, PECFB, PECF2, DFAe, CD, CL, DHL, PreP, PreA, 
PreD, BD, SN, ED, PostO, MW, LJ, M, SD, SW, IOW, INW, LJW (i) PelvF, PecF2, DFB, DFAe, 
DFAd, DFPe, AFB, AFAe, CD, CL, PAdC, DHL, PreP, PreA, PreD, BD, PostD, SN, ED, EH, PostO, HD, HL, MW, UJ, LJ, M, SD, 
SW, HW, IOW, UJW, ES (j) PelvF, PecF2, DFAe, DFAd, AFB, AFAe, CD, CL, DHL, PreP, PreD, BD, PostD, SN, 
ED, PostO, HL, HD, LJ, M, SD, SW, HW, IOW, UJW, ES (k) all characters except TL, CF, EC, PecF1, AdFB (l) all characters except 
TL, CF, EC, PecF1 (m) PelvFB, PelvF, PecFB, PecF2, DFAe, CD, CL, DHL, PreP, PreA, PreD, BD, 
SN, ED, PostO, MW, LJ, M, SD, SW, IOW, INW, LJW (n) all characters (o) all characters.
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(Coregonus schinzii helveticus var. zugensis) and the ‘Albeli-Albock’ (Coregonus wartmanni 
compactus). Interestingly, Wagler (1937) noted two species to be present in Lake Zug with 
a remark that a third species may exist, but that it’s status is uncertain. Fatio (1890) does 
mention that fishermen have suggested that among the ‘Albeli-Albock’ there are individuals 
that are smaller and spawn later in the year, which they refer to as ‘Albeli’, when compared 
to the individuals they refer to as ‘Albock’ that are slightly larger and spawn earlier in the 
year. However, the specimens that Fatio (1890) could examine did not warrant this distinc-
tion and thus he suggested to group the two entities under the name ‘Albeli-Albock’. Fatio 
(1890) suggest the the ‘Albeli-Albock’ spawn in mid-September to mid-October in Lake 
Zug at depths of 150–180 metres. In the table Fatio (1885: table 1) states that the ‘Albeli’, 
C. zugensis, spawns in the deeper parts of the lake (‘fond’ in French) and that the ‘Albock’, 
C. obliterus, spawns in even deeper waters of the lake (‘grand fond’ in French). Based on 
the findings that Lake Zug did harbour three species of whitefish and taking into account 
the spawning table and notes referring to the table in Fatio (1885) and the reports by local 
fishermen from that time period (Fatio 1885, 1890) we suggest that this spawning period 
and depth should be accounted for ‘Albock’, C. obliterus. It seems based on the phenotype 
of C. obliterus including the spawning time and depth and the few and short gill rakers 
of this species, that this species must have occupied a similar ecological niche as is known 
for two whitefish species from two other lakes in Switzerland. C. gutturosus (today extinct) 
from Lake Constance and C. profundus from Lake Thun share many ecological and mor-
phological characters with C. obliterus. More is known about the biology of these two 
species; C. gutturosus was (extinct today) and C. profundus is a profundal specialist feeding 
predominantly on benthic prey items and living and spawning in great water depths.

Etymology. The name in Latin obliterus means ‘erased from memory’ or ‘forgot-
ten’. The name highlights that this species was forgotten for more than a century in the 
scientific literature. An adjective.

Common name. We suggest the German name Zugeralbock.

Lake Sempach whitefish

Coregonus suidteri Fatio, 1885
Figs 12, 14, Tables 8, 10, 12–14, Suppl. material 1: figs S2, S3, tables S1, S2

Coregonus annectus: Fatio 1885.
Coregonus annectus balleoides: Fatio 1885.
Coregonus lavaretus nat. riusensis, oekot. Primigenius: Steinmann 1950 (see also syn-

onymy of C. sarnensis, C. supersum, and C. litoralis).
Coregonus Schinzii helveticus var. Zugensis: Fatio 1890.
Coregonus Schinzii helveticus var. Lucernensis: Fatio 1890.
Coregonus ‘Sempacherballen’: Douglas and Brunner 2002.
Coregonus suidteri: Kottelat 1997; Kottelat and Freyhof 2007; Vonlanthen et al. 2011, 

2015 (see also synonymy of C. litoralis and C. supersum).
Coregonus lavaretus fera natio vogti: Berg 1932.
Coregonus lavaretus natio riusensis: Steinmann 1950.
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Material examined. Syntypes. All from Switzerland, Lake Sempach: Historical speci-
mens (years 1885, 1899): MHNG-715.089, MHNG-816.026, N = 2, 311 mm and 
312 mm SL, sex unknown; MHNG-676.007, branchial arch, which probably belongs 
to one of the syntypes (used for gill raker measurements).

Diagnosis. Coregonus suidteri is a large whitefish species with strong pigmentation 
of all fins and the body; greenish blue colour on the flanks above the lateral line; deep 
bodied (body depth: 25.4 and 29% SL); blunt snout; short head (20 and 22% SL); 
sub-terminal mouth; moderately large eye (eye diameter: 21.9 and 23.9% HL) with 
a thick (4.5 and 6.5% HL) and triangular-shaped eye socket; short and stout caudal 
peduncle (caudal peduncle depth: 7.8 and 8.7% SL; caudal peduncle length: 13.3 and 
13.5% SL); many but rather short gill rakers (longest gill raker: 9.1% HL; total gill 
raker number: 35).

Description. Shape: Generally, deep bodied with greatest body depth anterior 
of dorsal fin. Dorsal profile from tip of snout to anterior origin of dorsal fin strongly 

Figure 12. Coregonus suidteri, Lake Sempach, Switzerland A, B syntype, MHNG-715.089, 311 mm SL, 
sex unknown, preserved specimen C syntype, MHNG-816.026, 312 mm SL, sex unknown, preserved 
specimen. Scale bars: 1 cm.
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convex and ventral profile moderately convex or almost straight from interorbital area 
to pelvic fin origin. Head short. Mouth short, wide and sub-terminal. Rostral plate 
pronounced. Tip of snout blunt. Large eye with a thick and sickle cell-shaped eye-
socket. Pectoral fin moderately tapered and short. Dorsal fin long. Caudal peduncle 
stout and short. Meristics: Many but rather short gill rakers. Colour: Pigmentation 
of fins and body overall strong with a silvery appearance along the flanks and dorsally 
above the lateral line the silvery appearance changes to a greenish blue colour (based 
on preserved specimens and by the description by Fatio (1890)). The dorsal part of 
the head and the snout around the nostrils is strongly pigmented. Preserved fish are 
brownish in colouration.

Differential diagnosis. The differential diagnoses against the historical specimens 
of C. supersum from Lake Zug are given under that species account.

Coregonus suidteri – Coregonus litoralis
Coregonus suidteri can be differentiated from C. litoralis by having a shorter length 

from the posterior part of the adipose fin to the caudal fin base (13.7–15.6% SL, 
mean = 14.6 vs. 15.8–22.9% SL, mean = 19.3), shorter snout (20.8–21.5% HL, 
mean = 21.1 vs. 19–29% HL, mean = 23.4), a larger eye cavity (29.6–30% HL, 
mean = 29.8 vs. 24.1–27.7% HL, mean = 26), a shorter postorbital length (50.9–
51.7% HL, mean = 51.3 vs. 51.6–56.2% HL, mean 53.5), a deeper head (74–78.7% 
HL, mean = 76.4 vs. 68.1–77.1% HL, mean = 72.5), a less wide interorbital width 
(19.7–25.4% HL, mean = 22.6 vs. 23.5–31.3% HL, mean = 28.1), a wider internarial 
width (13.8–15.4% HL, mean = 14.6 vs. 10.7–14.5% HL, mean = 12.9) and a wider 
lower jaw (11.7–12.3% HL, mean = 12 vs. 6.9–9.2% HL, mean = 8.1) (Tables 2, 8).

Distribution and notes on biology. Coregonus suidteri is found in Lake Sempach. 
Coregonus suidteri was previously thought to naturally occur in several lakes in Switzer-
land, namely lakes Lucerne, Zug, Sempach, Hallwil and Baldegg. Independent multilo-
cus microsatellite (Suppl. material 1: figs S2, S3) and large genomic AFLP (Hudson et 
al. 2011) data sets have shown that C. suidteri is composed of multiple species endemic 
to different lakes in Switzerland. Both population-based neighbour-joining tree’s and 
individual-based population structure analysis suggest that contemporary samples of 
whitefish from Lake Zug, Sempach and Lucerne group into independent genetic clusters 
(Suppl. material 1: figs S2, S3; Hudson et al. 2011). The status of the extinct species 
C. cf. suidteri from lakes Hallwil and Baldegg is unresolved since no genetic material is 
present to date. The extant population of Lake Sempach whitefish on which these inde-
pendent multilocus microsatellite and large genomic AFLP analyses are based on, show 
strong signals of genetic association with whitefish from Lake Zug and Lake Lucerne. As 
has been noted before for the other lakes in this study (and many more lakes in Swit-
zerland) historical records report several incidences of introductions of whitefish from 
other Swiss, German and even North American lakes into Lake Sempach (Surbeck 1920; 
Steinmann 1950). Surbeck (1920) and Steinmann (1950) note that in the years from 
1895–1902 there were several introductions of ‘Balchen’ (most likely C. litoralis and/
or C. intermundia) from Lake Lucerne into Lake Sempach. Steinmann (1950) further 
notes that other species of whitefish from many lakes were also introduced, but then only 
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specifically mentions C. maraena and whitefish individuals from North America. Most 
likely many different whitefish species from Swiss lakes and beyond were introduced. 
This is not unique to Lake Sempach and was unfortunately common practice at that 
time. These deliberate introductions from other lakes took place after the population 
decline of whitefish in Lake Sempach, which were attributed to the lowering of the lake 
level in the 19th century (Steinmann 1950). Prior to this population decline in 19th cen-
tury Lake Sempach seemed to harbour a large and productive whitefish fishery accord-
ing to fisheries catch accountings (Steinmann 1950). Interestingly though, the catches 
of whitefish of the years 1418–1795 reported that the whitefish species in those times 
were rather small individuals (125 grams) compared to the larger individuals of the late 
19th century (375–750 grams) which led Steinmann (1950) to suggest that Lake Sem-
pach may have harboured more than one species of whitefish. Fatio (1890) also notes 
that the size of the whitefish species in Lake Sempach were smaller and increased with 
the population decline towards the end of the 19th century. Steinmann (1950) named 
the small type whitefish of Lake Sempach ‘Kleiner Balchen des Sempachersees’ and the 
large-type whitefish species ‘Sempacherbalchen’. It is the latter species that is most likely 
represented by the type specimens of C. suidteri that were given to Victor Fatio in the 
1880s by Otto Suidter (Steinmann 1950). Furthermore Steinmann (1950) suggests that 
the ‘Sempacherbalchen’ (i.e., C. suidteri), which he could examine in the last half of the 
20th century, should be regarded as a ‘mixtum compositum’, i.e., a mixed population 
composed of different whitefish species including the original large-type whitefish species 
of Lake Sempach. Indeed, Fatio (1890) already questioned if the small whitefish indi-
viduals from Lake Sempach would have had to be described as an independent species, 
which was displaced by larger individuals of a less common second whitefish species after 
the decline of the former. Given these uncertainties expressed both by Fatio (1890) and 
Steinmann (1950) regarding the number of species that were initially present in Lake 
Sempach, coupled with 1) a population decline in the 19th century of smaller individuals 
of a putative small-type species resulting in fewer but larger individuals of a second large-
type species, 2) deliberate introductions in the late 19th and early 20th century, and 3) a 
strong anthropogenic-induced eutrophication during the last half of the 20th century in 
Lake Sempach, which may have been accompanied (as has been shown for other lakes) 
by population collapse, speciation reversal, and extinction (Vonlanthen et al. 2012; Frei 
et al. 2022a, b), it has to be considered that the extant population of C. suidteri does not 
represent the original population of this species in Lake Sempach and thus should be 
considered extinct. Future work comparing individuals of the extant population of Lake 
Sempach with ancient DNA samples from sediment cores or museums samples may help 
to resolve if the extant population still carries a genetic legacy from the original species. 
We suggest that the extant population of whitefish in Lake Sempach are most likely a 
hybrid population with a possible genetic legacy of the original population of C. suidteri 
from Lake Sempach. According to Fatio (1885, 1890) C. suidteri spawned rather shallow 
in the month of November.

Common names. Sempacherfelchen, Sempacherbalchen.
Comparative material. All the fish detailed below were collected from Switzerland, 

Lake Constance. They are illustrated in Fig. 13 and listed in Tables 9, 12–14.
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Figure 13. Coregonus species of Lake Constance, Switzerland A Coregonus gutturosus, non-type, 
NMBE-1076232 (Eawag-248-1), 250 mm, sex unknown, preserved specimen B Coregonus arenicolus, 
holotype, 296 mm, NMBE-1076223 (Eawag-239-1), sex unknown preserved specimen C Coregonus 
macrophthalmus, syntype, MHNG-716.052, 215 mm, sex unknown, preserved specimen D Coregonus 
wartmanni, non-type, NMBE-1076206, 301 mm, female, preserved specimen. Scale bars: 1 cm.
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Figure 14. Illustrations of specimens of each species of Coregonus from Lake Lucerne and Sarnen. Il-
lustrations of Lake Lucerne species are based on several individuals. Illustration of C. sarnensis is based on 
NMBE-1078159, 230 mm, male. Scale bar for C. sarnensis: 1 cm.
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Table 11. The first- and second-best ratios retrieved from the LDA ratio extractor of pair-wise comparisons 
of a subset of head and body characters of the historical specimens from the species of lakes Lucerne and 
Zug. For all comparisons only a subset of characters could be used (a-f); the respective characters that were 
included are listed at the end of the table. δ is a measure of how good shape discriminates in comparison to 
size (i.e., the smaller δ the less allometry). Ratios marked with an asterisk * have very little (not more than 
one specimen of one species overlaps with the other species) or no overlap and were thus eligible for use in 
the species key and the diagnoses.

Species comparison Best ratio Range species 1 Range species 2 Standard distance δ (shape vs. size)
C. litoralis vs. C. muelleri (a) CD/DHL * 0.46–0.58 0.37–0.44 25.04 0.11
C. litoralis vs. C. supersum (b) MW/SD * 1–1.21 0.75–1 97.44 0.003
C. litoralis vs. C. obliterus (c) PecF2/EC * 2.69–3.64 2.46–2.72 9.35 0.1

AdFB/EC * 0.89–1.17 0.49–0.87 8.85 0.1
C. supersum vs. C. zugensis (d) DFB/UJ * 1.94–2.52 1.27–1.9 16.92 0.14
C. supersum vs. C. obliterus (e) PreD/EH * 10.52–12.07 8.46–9.73 6.77 0.07

AdFB/ED* 1.15–1.42 0.64–1 5.67 0.08
C. zugensis vs. C. obliterus (f ) EC/M * 1.11–1.34 1.38–1.65 28.1 0.13
C. zugensis vs. C. muelleri (g) CD/PreP * 0.13–0.15 0.12–0.13 5.38 0.16

(a) PecF2, DFB, AdFB, CD, DHL, EC, HL, MW, UJ, M, SW, UJW, ES (b) CD, DHL, AFB, PostO, MW, UJ, LJ, M, HL, SD, SW   
(c) DFPe, CD, PAdC, PreP, TL, PreD, EC, PostO, HD, UJ, LJ (d) PelvFB, PelvF, PecF1, DFB, DFAe, AdFB, UJW, DHL, PostD, SN, 
EC, PostO, MW, UJ, ES (e) AdFB, CD, CL, DHL, PreA, PreD, PostD, SN, ED, EH, HL (f ) PelvFB, PelvF, PelvFS, PecF2, DFB, 
DFPe, UJW, HL, DHL, PostD, SN, EC, PostO, MW, LJ, M (g) PelvFB, PelvF, PecF1, DFB, DFAe, AdFB, CD, DHL, PreP, PostD, 
SN, EC, PostO, MW, UJ, UJW, ES.

Figure 14. Continued.
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Coregonus gutturosus Gmelin, 1818

Historical specimens (years 1940, 1950): Non-types. NMBE-1076230 (Eawag-246), 
NMBE-1076232 (Eawag-248-1), NMBE-1076233 (N = 6: Eawag-249-1, 
Eawag-249-2, Eawag-249-3, Eawag-249-4, Eawag-249-5, Eawag-249-6), NMBE-
1076232 (N = 2: Eawag-248-2, Eawag-248-3), N = 10, 169–292 mm SL.

Coregonus arenicolus Kottelat, 1997

Historical specimens (year 1950): Holotype. NMBE-1076223 (Eawag-239-1), 296 
mm SL, sex unknown; Switzerland: Lake Constance. Paratypes. NMBE-1076223 
(N = 3: Eawag-239-2, Eawag-239-3, Eawag-239-4), N = 3, 289–314 mm SL.

Coregonus macrophthalmus Nüsslin, 1882

Historical specimens (years 1895, 1901, 1907, 1921): Syntypes: MHNG 716.052, 
MHNG-716.051, MHNG-816.02, MHNG-715.094 (N = 2: MHNG-715.094), 
NMBE-1076211 (N = 2: Eawag-227-1, Eawag-227-2), N = 7, 193–235 mm SL.

Coregonus wartmanni Bloch, 1784

Historical specimen (year 1895): Non-type: NMBE-1076206, Switzerland, 301 mm SL.

Identification key to the species of Lake Lucerne

This identification key is based on contemporary specimens of the five species from Lake 
Lucerne. The key leads in two distinct ways to C. nobilis. The species key needs to be followed 
completely to be able to distinguish C. nobilis from all other whitefish species of Lake Lucerne.

1	 Predorsal length / eye diameter ratio is 10.73–12.75..........................................2
–	 Predorsal length / eye diameter ratio is 8.17–10.59............................................4
2	 Total number of gill rakers is 24–32....................................................C. litoralis
–	 Total number of gill rakers is 33–40...................................................................3
3	 Pectoral fin base / caudal peduncle depth ratio is 0.41–0.43.............C. suspensus
–	 Pectoral fin base / caudal peduncle depth ratio is 0.45–0.52................. C. nobilis
4	 Total length / eye diameter ratio is 21.37–24.45................................C. muelleri
–	 Total length / eye diameter ratio is 24.5–29.59..................................................5
5	 Caudal peduncle depth / head width ratio is 0.77–0.87 and the erected anterior 

part of the dorsal fin is larger than 17.3–19.9% SL.....................C. intermundia
–	 Caudal peduncle depth / head width ratio is 0.63–0.77 and the erected anterior 

part of the dorsal fin is 15.3–17.2% SL................................................ C. nobilis
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Discussion

All pre-alpine whitefish species have been shown based on phylogeographic studies 
to belong to a monophyletic clade of hybrid origin involving two anciently divergent 
glacial lineages that must have come into secondary contact several hundred thousand 
years after their separation. Independent events of intra-lacustrine speciation led to a 
series of adaptive radiations in each major lake system north of the Alps (Hudson et al. 
2011). Up to six endemic species can be found in the most diverse of these adaptive 
radiations (Vonlanthen et al. 2012; Doenz et al. 2018; Selz et al. 2020). Herein we 
distinguish and characterise ten distinct whitefish species from the Swiss lakes Lucerne, 
Sarnen, Sempach, and Zug, of which seven species were unnamed.

We show with two independent genetic datasets (Hudson et al. 2011, 2016; this 
study) that two of the three re-described species, C. suidteri and C. zugensis, which 
were previously thought to naturally occur in several lakes in Switzerland, namely for 
C. suidteri lakes Lucerne, Zug, Sempach, Hallwil, and Baldegg and for C. zugensis lakes 
Lucerne and Zug (Kottelat 1997), are composed of multiple species endemic to different 
lakes in Switzerland. The names C. suidteri and C. zugensis are retained for the lakes Sem-
pach and Zug, respectively. The status of the species previously grouped under C. suidteri 
and C. zugensis are resolved in this study except for the extinct species C. cf. suidteri from 
lakes Hallwil and Baldegg. We describe two additional species for Lake Zug, Coregonus 
supersum, which has previously been identified as C. suidteri and C. obliterus, which was 
forgotten for more than a century in the scientific literature only to be resurrected in 
this study due to a re-examination of the Steinmann collection. Coregonus obliterus and 
C. zugensis are extinct and most likely C. suidteri is also extinct as the extant population of 
whitefish in Lake Sempach shows strong genetic affiliations to whitefish from other lakes. 
The third re-described species, C. nobilis, is one of five species of the adaptive radiation 
of Lake Lucerne. Among the other four species from Lake Lucerne, two have previously 
been identified as C. suidteri and C. zugensis and which we now describe as Coregonus 
litoralis and Coregonus muelleri, respectively. The other two species of Lake Lucerne have 
only been known to science since the work by Lundsgaard-Hansen (2009) and Hudson 
et al. (2016) and are described as Coregonus suspensus and Coregonus intermundia. Finally, 
for lake Sarnen we have described one new species, Coregonus sarnensis.

Many Swiss lakes experienced strong anthropogenic-induced eutrophication which 
among the lakes in this study was pronounced in lakes Zug and Sempach. It has been 
accompanied by population collapse, speciation reversals, and extinction of Swiss white-
fish (Vonlanthen et al. 2012; Frei et al. 2022a, b). Furthermore, many Swiss lakes were 
also deliberately stocked with whitefish species from Swiss lakes as well as from Euro-
pean and North American lakes resulting in hybridization that has left introgressive 
signals of non-native genetic material in extant populations in Swiss lakes (Lundsgaard-
Hansen 2009; Hudson et al. 2016; Doenz et al. 2018; Selz et al. 2020; De-Kayne et al. 
2022) (this is discussed in more detail in the Suppl. material 1: paragraph 5). These de-
liberate translocations of non-native whitefish species can be seen today in C. suspensus 
which shows genetic ancestry contributions from whitefish of Lake Constance, besides 
its Lake Lucerne ancestry. Similarly, strong genetic signals of Lake Lucerne and Lake 
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Zug whitefish can be seen in the extant population of Lake Sempach suggesting that 
this population does not represent the original population of C. suidteri. It also has cast 
doubt if the occurrence of C. litoralis in lake Sarnen, which was part of Lake Lucerne 
before it’s separation due to the amassing of sediments through several rivers, is of natu-
ral origin or due to such translocations. Scales retrieved from sediment cores prior to 
such translocations suggest that Lake Sarnen did harbour an endemic whitefish species, 
which we could show with contemporary specimens is genetically distinct and which 
we have described as C. sarnensis, but this does not resolve the origin of C. litoralis in 
Lake Sarnen. Furthermore, the many introductions of non-native whitefish into the 
mesotrophic Lake Alpnach, which is a side-arm of the oligotrophic Lake Lucerne, may 
explain why the whitefish from this part of the lake group genetically with whitefish 
from Lake Sempach and Lake Zug (Suppl. material 1: fig. S3). There has been allot of 
uncertainty in the scientific literature regarding the species status of the whitefish in 
Lake Alpnach due to the many introductions of allochthonous whitefish coupled with 
the large phenotypic variability found in this population (Birrer and Schweizer 1936b; 
Steinmann 1950; Svarvar and Müller 1982; Hudson et al. 2016). A future study in-
corporating a quantitative sampling campaign coupled with high throughput genomic 
sequencing may be able to resolve the species status of the whitefish population found 
in Lake Alpnach. The lack of such data did not allow us to examine if the population of 
whitefish found in Lake Alpnach is composed of several native whitefish with possible 
genetic signatures from non-native introductions or if it harbours a unique whitefish 
population. The translocations of Swiss whitefish have also led to the occurrence of 
whitefish from lakes Zug and Sarnen in two southern Swiss lakes, which naturally did 
not harbour whitefish. Hudson et al. (2011) could show that the populations of white-
fish that are present in Lake Maggiore (local name of the population is ‘Lavarello’) and 
Lake Lugano group in a neighbour-joining tree with the extant population of whitefish 
from Lake Zug, C. supersum, and a second population of Lake Maggiore (local name 
of the population is ‘Bondella’) group with the whitefish species from Lake Sarnen, 
C. sarnensis. Lake Zug and Lake Sempach have experienced strong anthropogenic-in-
duced eutrophication, which is often accompanied by population collapse, speciation 
reversal, and extinction of endemic whitefish species (Vonlanthen et al. 2012; Frei et 
al. 2022a, b). This has most likely also been one of the main drivers of extinction of 
C. zugensis and C. obliterus in Lake Zug and possibly of C. suidteri in Lake Sempach. 
In the case of Lake Zug nothing is known about the possibility of speciation reversal, 
whereby extinct species leave traces in genomes of extant species through introgres-
sive hybridisation. Future research will be needed to understand if the extant whitefish 
population of Lake Zug and the extant populations of the lakes Maggiore and Lugano 
that we group to the species C. supersum shows signs of introgression of the extinct spe-
cies of Lake Zug, C. zugensis and C. obliterus, respectively.

Many of the unresolved Swiss whitefish diversity has been revised with this study 
coupled with the recent revision by Selz et al. (2020) on the whitefish diversity of lakes 
Thun and Brienz. However, future work using a taxonomic approach including recent 
advances in ancient DNA methods is still warranted to resolve the species status of 
extant and extinct populations in several Swiss lakes.



Oliver M. Selz & Ole Seehausen  /  ZooKeys 1144: 95–169 (2023)164

Acknowledgements

Many thanks to the commercial fishermen/women of lakes Lucerne, Sarnen, Sempach, 
and Zug and the cantonal (i.e., state) fisheries authorities of the respective cantons border-
ing the lakes for their help, hospitality, and sharing of knowledge about the whitefish spe-
cies of all four lakes. We would also like to thank the people who helped in the field. We 
are thankful to Martin Rutz for conducting a BSc thesis on the paleolimnology and popu-
lation genetics of Lake Sarnen, which Moritz Muschick helped co-supervise. We further 
thank Alois Zwyssig for his assistance in obtaining sediment cores for the paleolimnology 
work. Martin Rutz’s BSc thesis was crucial to resolve the status of the Lake Sarnen whitefish 
regarding their natural occurrence prior to historically recorded introduction of non-native 
whitefish into Lake Sarnen. We also thank Kay Lucek for his help with genetic analysis. 
This work was funded through BAFU (Swiss Federal Office for the Environment) grant 
‘A2310.0132 Wasser’ financing the project ‘Felchenvielfalt der Schweizer Seen’ (an action 
plan to revise the Swiss whitefish taxonomy) to OS and a follow-up grant to OMS by the 
BAFU. Additional funding derived from the Department of Fish Ecology and Evolution at 
EAWAG and from the division Aquatic Ecology and Evolution at the University of Bern.

References

Alexander TJ, Vonlanthen P, Seehausen O, Périat G, Degiorgi F, Raymond JC, Seehausen 
O (2015) Evaluating gillnetting protocols to characterize lacustrine fish communities. 
Fisheries Research 161: 320–329. https://doi.org/10.1016/j.fishres.2014.08.009

Alexander TJ, Vonlanthen P, Périat G, Seehausen O (2017a) Artenvielfalt und Zusammensetzung 
der Fischpopulation im Vierwaldstättersee. Projet Lac, Eawag, Kastanienbaum. Schluss-
bericht, 62 pp. https://www.dora.lib4ri.ch/eawag/islandora/object/eawag%3A14994

Alexander TJ, Vonlanthen P, Seehausen O (2017b) Does eutrophication-driven evolution 
change aquatic ecosystems? Philosophical Transactions of the Royal Society of London. Se-
ries B, Biological Sciences 372(1712): 20160041. https://doi.org/10.1098/rstb.2016.0041

Baur H, Leuenberger C (2011) Analysis of ratios in multivariate morphometry. Systematic 
Biology 60(6): 813–825. https://doi.org/10.1093/sysbio/syr061

Baur H, Kranz-Baltensperger Y, Cruaud A, Rasplus J-V, Timokhov AV, Gokhman VE (2014) 
Morphometric analysis and taxonomic revision of Anisopteromalus Ruschka (Hymnoptera: 
Chalcidoidea: Pteromalidae) – an integrative approach. Systematic Entomology 39(4): 
691–709. https://doi.org/10.1111/syen.12081

Berg LS (1932) Übersicht der Verbreitung der Süsswasserfische Europas. Zoogeographica 1: 
107–208.

Bernatchez L (2004) Ecological Theory of Adaptive Radiation. An Empirical Assessment from 
395 Coregonine Fishes (Salmoniformes). In: Hendry AP, Stearns SC (Eds) Evolution 
Illuminated. Oxford University Press, Oxford, UK, 175–207.

Birrer A, Schweizer W (1935) Der Weissfisch des Vierwaldstättersees (Coregonus exiguus albellus, 
Fatio). Ein Beitrag zur Kenntnis der Coregonen in den Schweizerseen. Mitteilungen der 
Naturforschenden Gesellschaft Luzern, Heft 7, 88 pp.

https://doi.org/10.1016/j.fishres.2014.08.009
https://www.dora.lib4ri.ch/eawag/islandora/object/eawag:14994
https://doi.org/10.1098/rstb.2016.0041
https://doi.org/10.1093/sysbio/syr061
https://doi.org/10.1111/syen.12081


A taxonomic revision of whitefish radiations of several Swiss lakes 165

Birrer A, Schweizer W (1936a) Der Edelfisch Coregonus Wartmanni nobilis, Fatio. Ein Beitrag 
zur Kenntnis der Coregonen in den Schweizerseen. Archiv für Hydrobiologie 14: 617–663.

Birrer A, Schweizer W (1936b) Der Weissfisch (Coregonus exiguus albellus, Fatio) im Alpnacher-
See. Schweizerische Fischereizeitung Heft 11, 7 pp.

Birrer A, Schweizer W (1938) Der Balchen des Vierwaldstättersees Coregonus Schinzii helveticus var. 
Lucernensis, Fatio. Ein Beitrag zur Kenntnis der Coregonen in den Schweizerseen. Zeitschrift 
für Hydrologie, Band 8, Heft 1 und 2, 118 pp. https://doi.org/10.1007/BF02485019

Bittner D (2009) Gonad deformations in whitefish (Coregonus spp.) from Lake Thun, Switzer-
land – A population genetic and transcriptomic approach. PhD Thesis, University of Bern, 
Switzerland, 186 pp.

Bloch ME (1784) Oeconomische Naturgeschichte der Fische Deutschlands. 3. Theil. Berlin, 
Deutschland, 234 pp.

Brehm A (1884) Brehms Thierleben. Allgemeine Kunde des Thierreichs, Achter Band, Dritte 
Abtheilung: Kriechthiere, Lurche und Fische, Zweiter Band: Fische. Verlag des Bibliogra-
phischen Instituts, Leipzig, 238–241.

Cysat JL (1661) Beschreibung dess berühmbten Lucerner- oder 4. Waldstaetten Sees und des-
sen fürtrefflichen Qualiteten und sonderbaaren Eygenschafften. Getruckt zu Luzern: bey 
David Hautten. https://www.e-rara.ch/ch17/id/24609564

De-Kayne R, Selz OM, Marques DA, Frei D, Seehausen O, Feulner PGD (2022) Genomic 
architecture of adaptive radiation and hybridization in Alpine whitefish. Nature Commu-
nications 13(1): 4479. https://doi.org/10.1038/s41467-022-32181-8

Doenz CJ, Bittner D, Vonlanthen P, Wagner CE, Seehausen O (2018) Rapid buildup of 
sympatric species diversity in Alpine whitefish. Ecology and Evolution 2018(18): 1–15. 
https://doi.org/10.1002/ece3.4375

Douglas MR, Brunner PC (2002) Biodiversity of central alpine Coregonus (Salmoniformes): 
Impact of one-hundred years of management. Ecological Applications 12(1): 154–172. 
https://doi.org/10.1890/1051-0761(2002)012[0154:BOCACS]2.0.CO;2

Douglas MR, Brunner PC, Bernatchez L (2003) Do assemblages of Coregonus (Teleostei: Sal-
moniformes) in the Central Alpine region of Europe represent species flocks? Molecular 
Ecology 8(4): 589–603. https://doi.org/10.1046/j.1365-294x.1999.00581.x

Earl DA, von Holdt BM (2012) STRUCTURE HARVESTER: A website and program for 
visualizing STRUCTURE output and implementing the Evanno Method. Conservation 
Genetics Resources 4(2): 359–361. https://doi.org/10.1007/s12686-011-9548-7

Fatio V (1885) Les corégones de la Suisse (féras diverses) classification et conditions de frai. 
Recueil Zoologie Suisse 1, 2: 649–665. [pls 22, 23]

Fatio V (1890) Faune des Vertébrés de la Suisse, Vol. V. In: Georg H (Ed.) Histoire naturelle des 
Poison, 2e partie. Genf und Basel, 569 pp. 

Felsenstein J (2005) PHYLIP (phylogeny inference package) version 3.6. Distributed by the 
Author. Department of Genome Sciences, University of Washington, Seattle. http://evolu-
tion.genetics.washington.edu/phylip.html

Feulner GD, Seehausen O (2018) Genomic insights into the vulnerability of sympatric whitefish 
species flocks. Molecular Ecology 28(3): 615–629. https://doi.org/10.1111/mec.14977

Frei D, Reichlin P, Seehausen O, Feulner PGD (2022a) Introgression from extinct species facili-
tates adaptation to its vacated niche. Molecular Ecology. https://doi.org/10.1111/mec.16791

https://doi.org/10.1007/BF02485019
https://www.e-rara.ch/ch17/id/24609564
https://doi.org/10.1038/s41467-022-32181-8
https://doi.org/10.1002/ece3.4375
https://doi.org/10.1890/1051-0761(2002)012%5B0154:BOCACS%5D2.0.CO;2
https://doi.org/10.1046/j.1365-294x.1999.00581.x
https://doi.org/10.1007/s12686-011-9548-7
http://evolution.genetics.washington.edu/phylip.html
http://evolution.genetics.washington.edu/phylip.html
https://doi.org/10.1111/mec.14977
https://doi.org/10.1111/mec.16791


Oliver M. Selz & Ole Seehausen  /  ZooKeys 1144: 95–169 (2023)166

Frei D, De-Kayne R, Selz OM, Seehausen O, Feulner PGD (2022b) Genomic variation from 
an extinct species is retained in the extant radiation following speciation reversal. Nature 
Ecology & Evolution 6(4): 461–468. https://doi.org/10.1038/s41559-022-01665-7

Gmelin CC (1818) Gemeinnützige systematische Naturgeschichte der Fische für gebildete 
Leser nach dem Linnéischen Natursystem entworfen. Neydeck, Mannheim, Deutschland. 
113 pp.

Haack H (1882) Einiges aus der Praxis. Circulare Deutschen Fischerei-Vereins. Jahre 1881,  
126–127.

Harrod C, Mallela J, Kahilainen K (2010) Phenotype-environment correlations in a putative 
whitefish adaptive radiation. Journal of Animal Ecology 79(5): 1057–1068. https://doi.
org/10.1111/j.1365-2656.2010.01702.x

Heuscher J (1900) Untersuchungen über die Fischereiverhältnisse des Sarnersees. Druck E. 
Zwingli, Pfäffikon, Schweiz, 23 pp.

Hudson AG (2011) Population genomics and ecology of parallel adaptive radiations: the Alpine 
lake whitefish. PhD Thesis: University of Bern, Switzerland.

Hudson AG, Vonlanthen P, Müller R, Seehausen O (2007) Review: The geography of specia-
tion and adaptive radiation in coregonines. Advances in Limnology 60: 111–146.

Hudson AG, Vonlanthen P, Seehausen O (2011) Rapid parallel adaptive radiation from a single 
hybridogenic ancestral population. Proceedings of the Royal Society B: Biological Sciences 
278(1702): 58–66. https://doi.org/10.1098/rspb.2010.0925

Hudson AG, Vonlanthen P, Bezault E, Seehausen O (2013) Genomic signatures of relaxed 
disruptive selection associated with speciation reversal in whitefish. BMC Evolutionary 
Biology 13(1): 108. https://doi.org/10.1186/1471-2148-13-108

Hudson AG, Lundsgaard-Hansen B, Lucek K, Vonlanthen P, Seehausen O (2016) Manag-
ing cryptic biodiversity: Fine-scale intralacustrine speciation along a benthic gradient in 
Alpine whitefish (Coregonus spp.). Evolutionary Applications 10(3): 251–266. https://doi.
org/10.1111/eva.12446

Ingram T, Hudson AG, Vonlanthen P, Seehausen O (2012) Does water depth or diet diver-
gence predict progress towards ecological speciation in whitefish radiations? Evolutionary 
Ecology Research 14: 487–502.

Jacobs A, Carrutshers M, Eckmann R, Yohannes E, Adams CE, Behrmann-Godel J, Elmer KR 
(2019) Rapid niche expansion by selection on functional genomic variation after ecosys-
tem recovery. Nature Ecology & Evolution 3(1): 77–86. https://doi.org/10.1038/s41559-
018-0742-9

Karjalainen J, Marjomäki T (2017) Communal pair spawning behaviour of vendace (Coregonus 
albula) in the dark. Ecology Freshwater Fish 27(2): 542–548. https://doi.org/10.1111/
eff.12368

Kottelat M (1997) European freshwater fishes. A heuristic checklist of the freshwater fishes of Eu-
rope (exclusive of former USSR), with an introduction for non-systematists and comments on 
nomenclature and conservation. Biologia, Bratislava. Section Zoology 52(Suppl. 1): 1–271.

Kottelat M, Freyhof J (2007) Handbook of European freshwater fishes. Kottelat, Cornol, 
Switzerland and Freyhof, Berlin, Germany, 646 pp.

https://doi.org/10.1038/s41559-022-01665-7
https://doi.org/10.1111/j.1365-2656.2010.01702.x
https://doi.org/10.1111/j.1365-2656.2010.01702.x
https://doi.org/10.1098/rspb.2010.0925
https://doi.org/10.1186/1471-2148-13-108
https://doi.org/10.1111/eva.12446
https://doi.org/10.1111/eva.12446
https://doi.org/10.1038/s41559-018-0742-9
https://doi.org/10.1038/s41559-018-0742-9
https://doi.org/10.1111/eff.12368
https://doi.org/10.1111/eff.12368


A taxonomic revision of whitefish radiations of several Swiss lakes 167

László Z, Baur H, Tóthmérész B (2013) Multivariate ratio analysis reveals Trigonoderus 
pedicellaris Thomson (Hymenoptera, Chalcidoidea, Pteromalidae) as a valid species. 
Systematic Entomology 38: 753–762. https://doi.org/10.1111/syen.12026

Lehtonen H, Nylund V (1995) An atlas of fish scales. 2. Salmonid species found in European 
fresh waters. Samara Publishing Limited, Cardigan, UK, 55 pp.

Lundsgaard-Hansen B (2009) Assessing differentiation of whitefish species along an environ-
mental gradient. Masters thesis, University of Bern, Switzerland.

Lundsgaard-Hansen B, Matthews B, Vonlanthen P, Taverna A, Seehausen O (2013) Adaptive 
plasticity and genetic divergence in feeding efficiency during parallel adaptive radiation of 
whitefish (Coregonus spp.). Journal of Evolutionary Biology 26(3): 483–498. https://doi.
org/10.1111/jeb.12063

Meirmans PG, van Tienderen PH (2004) GENOTYPE and GENODIVE: Two programs 
for the analysis of genetic diversity of asexual organisms. Molecular Ecology Notes 4(4): 
792–794. https://doi.org/10.1111/j.1471-8286.2004.00770.x

Muggli J (2015) Fische kennen keine Grenzen. Fischereikommission Vierwaldstättersee, 
Luzern, 205 pp.

Müller R (2007) The re-discovery of the vanished ‘Edelfisch’ Coregonus nobilis Haack, 1882, in 
Lake Lucerne, Switzerland. Advances in Limnology 60: 419–430.

Müller R, Breitenstein M, Bia MM, Rellstab C, Kirchhofer A (2007) Bottom-up control of 
whitefish populations in ultra-oligotrophic Lake Brienz. Aquatic Sciences 69(2): 271–288. 
https://doi.org/10.1007/s00027-007-0874-5

Müller B, Thoma R, Baumann KBL, Callbeck CM, Schubert C (2021) Nitrogen removal 
processes in lakes of different trophic states from on-site measurements and historic data. 
Aquatic Sciences 83: 37. https://doi.org/10.1007/s00027-021-00795-7

Nufer W (1905) Die Fische des Vierwaldstättersees und ihre Parasiten. Mitteilung der Natur-
forschenden Gesellschaft Luzern, Band 5, 264 pp. https://doi.org/10.5962/bhl.title.14711

Nüsslin O (1882) Beiträge zur Kenntniss der Coregonus-Arten des Bodensees und einiger an-
derer nahegelegener nordalpiner Seen. III. Muthmassliche Varietäten des Coregonus mac-
rophathalmus Nüssl. Zoologischer Anzeiger 5: 207–212.

Öhlund G, Bodin M, Nilsson KA, Öhlund S-O, Mobley KB, Hudson AG, Peedu M, 
Brännström A, Bartels P, Præbel K, Hein CL, Johansson P, Englund G (2020) Ecological 
speciation in European whitefish is driven by a large-gaped predator. Evolution Letters 
4(4): 243–256. https://doi.org/10.1002/evl3.167

Østbye K, Naesje TF, Bernatchez L, Sandlund OT, Hindar K (2005) Morphological diver-
gence and origin of sympatric populations of European whitefish (Coregonus lavaretus L.) 
in Lake Femund, Norway. Journal of Evolutionary Biology 18(3): 683–702. https://doi.
org/10.1111/j.1420-9101.2004.00844.x

Pfiffner AO (2021) The structural landscape of Central Switzerland. In: Reynard E (Ed.) 
Landscapes and Landforms of Switzerland. Springer, Berlin, 429 pp. https://doi.
org/10.1007/978-3-030-43203-4_11

Præbel K, Knudsen R, Siwertsson A, Karhunen M, Kahilainen KK, Ovaskainen O, Østbye 
K, Peruzzi S, Fevolden S-E, Amundsen P-A (2013) Ecological speciation in postglacial 

https://doi.org/10.1111/syen.12026
https://doi.org/10.1111/jeb.12063
https://doi.org/10.1111/jeb.12063
https://doi.org/10.1111/j.1471-8286.2004.00770.x
https://doi.org/10.1007/s00027-007-0874-5
https://doi.org/10.1007/s00027-021-00795-7
https://doi.org/10.5962/bhl.title.14711
https://doi.org/10.1002/evl3.167
https://doi.org/10.1111/j.1420-9101.2004.00844.x
https://doi.org/10.1111/j.1420-9101.2004.00844.x
https://doi.org/10.1007/978-3-030-43203-4_11
https://doi.org/10.1007/978-3-030-43203-4_11


Oliver M. Selz & Ole Seehausen  /  ZooKeys 1144: 95–169 (2023)168

European whitefish: Rapid adaptive radiations into the littoral, pelagic, and profundal lake 
habitats. Ecology and Evolution 3(15): 4970–4986. https://doi.org/10.1002/ece3.867

Pritchard JK, Stephens M, Donnelly P (2000) Inference of population structure using multilo-
cus genotype data. Genetics 155(2): 945–959. https://doi.org/10.1093/genetics/155.2.945

R Development Core Team (2018) R: A language and environment for Statistical Computing. 
Vienna, Austria. https://www.R-project.org

Roesch C, Lundsgaard-Hansen B, Vonlanthen P, Taverna A, Seehausen O (2013) Experimental 
evidence for trait utility of gill raker number in adaptive radiation of a north temperate fish. 
Journal of Evolutionary Biology 26(7): 1578–1587. https://doi.org/10.1111/jeb.12166

Rudolfsen G, Müller R, Davnah U, Wedekind C (2008) Predicting the mating system from 
phenotypic correlations between life-history and sperm quality traits in the Alpine white-
fish Coregonus zugensis. Behavioral Ecology and Sociobiology 62(4): 561–567. https://doi.
org/10.1007/s00265-007-0480-5

Selz OM (2008) Building a link between d15N and d13C stable isotopes signatures and the 
ecological phenotypic forms of Whitefish (Coregonus Laveratus (L.)) in 4 Swiss Lakes. B.Sc. 
Thesis: University of Bern, Bern, Switzerland.

Selz O, Hofmann P (2018) ‘Felchen ist nicht gleich Felchen’, posted on 26.03.2018 by petri-
heilonline, YouTube video. https://www.youtube.com/watch?v=eyVQpLlygNM

Selz OM, Doenz CJ, Vonlanthen P, Seehausen O (2020) A taxonomic revision of the whitefish 
of the lakes Brienz and Thun, Switzerland, with descriptions of four new species (Teleostei, 
Coregonidae). ZooKeys 989: 79–162. https://doi.org/10.3897/zookeys.989.32822

Steinmann P (1950) Monographie der schweizerischen Koregonen. Beitrag zum Problem 
der Entstehung neuer Arten. Spezieller Teil. Schweizerische Zeitung für Hydrologie12: 
340–491. https://doi.org/10.1007/BF02489885

Surbeck G (1913) Vom Vierwaldstätter See und seinen Coregonen. Schweizerische Fischere-
izeitung. Nr. 5

Surbeck G (1920) Beitrag zur Kenntnis der schweizerischen Coregonen. Festschrift 
Zschokke, Basel.

Svarvar P-O, Müller R (1982) Die Felchen des Alpnachersees. Schweizerische Zeitschrift für 
Hydrologie 44(2): 295–314. https://doi.org/10.1007/BF02502295

Vonlanthen P, Périat G (2017) Standardisierte Befischung Sarnersee – Resultate der Erhe-
bungen vom September 2017. Aquabios GmbH. Auftraggeber: Kanton Obwalden, Amt 
für Landwirtschaft und Umwelt, Abteilung Umwelt, 50 pp.

Vonlanthen P, Roy D, Hudson AG, Largiadèr CR, Bittner D, Seehausen O (2009) Divergence 
along a steep ecological gradient in lake whitefish (Coregonus sp.). Journal of Evolutionary 
Biology 22(3): 498–514. https://doi.org/10.1111/j.1420-9101.2008.01670.x

Vonlanthen P, Bittner D, Hudson A, Young KA, Müller R, Lundsgaard-Hansen B, Roy D, 
Di Piazza S, Largiader CR, Seehausen O (2012) Eutrophication causes speciation reversal 
in whitefish adaptive radiations. Nature 482(7385): 357–363. https://doi.org/10.1038/
nature10824

Vonlanthen P, Périat G, Alexander TJ, Guillard J, Colon M, Seehausen O (2015) 
Artenvielfalt und Zusammensetzung der Fischpopulation im Zugersee. Projet Lac, Eawag 
Kastanienbaum, 41 pp.

https://doi.org/10.1002/ece3.867
https://doi.org/10.1093/genetics/155.2.945
https://www.R-project.org
https://doi.org/10.1111/jeb.12166
https://doi.org/10.1007/s00265-007-0480-5
https://doi.org/10.1007/s00265-007-0480-5
https://www.youtube.com/watch?v=eyVQpLlygNM
https://doi.org/10.3897/zookeys.989.32822
https://doi.org/10.1007/BF02489885
https://doi.org/10.1007/BF02502295
https://doi.org/10.1111/j.1420-9101.2008.01670.x
https://doi.org/10.1038/nature10824
https://doi.org/10.1038/nature10824


A taxonomic revision of whitefish radiations of several Swiss lakes 169

Wagler E (1937) Die Coregonen in den Seen des Voralpengebiets. iX. Die Systematik der 
Voralpenregionen. Internationale Revue der Gesamten Hydrobiologie und Hydrographie 
35(1–6): 345–445. https://doi.org/10.1002/iroh.19370350123

Wedekind C, Evanno G, Urbach D, Jacob A, Müller R (2007a) ‘Good-genes’ and ‘compatible-
genes’ effects in an Alpine whitefish and the information content of breeding tubercles over 
the course of the spawning season. Genetica 132(2): 199–208. https://doi.org/10.1007/
s10709-007-9164-3

Wedekind C, Rudolfsen G, Jacob G, Urbach D, Müller R (2007b) The genetic consequences 
of hatchery-induced sperm competition in a salmonid. Biological Conservation 137(2): 
180–188. https://doi.org/10.1016/j.biocon.2007.01.025

Winkler KA, Pamminger-Lahnsteiner B,Wanzenböck J, Weiss S (2011) Hybridizationand 
restricted gene flow between native and introduced stocks of Alpine whitefish (Coregonus 
sp.) across multiple environments. Molecular Ecology 20: 456–472. https://doi.
org/10.1111/j.1365-294X.2010.04961.x

Supplementary material 1

Historical and contemporary notes on C. sarnensis, C. litoralis, C. nobilis, Lake 
Zug whitefish and on different topics in the discussion of the main manuscript.
Authors: Oliver M. Selz, Ole Seehausen
Data type: morphological, phylogenetic, paleolimnology
Explanation note: Genetic diversity estimates from all species of ten lakes. Genetic 

differentiation (Fst) between pre-alpine whitefish populations based on 10 neutral 
microsatellite loci. Size-at-age of 3-year-old specimens of C. sarnensis from Lake 
Sarnen and C. litoralis, C. suspensus, C. intermundia and C. muelleri from Lake 
Lucerne. STRUCTURE plot showing individual assignment likelihoods based on 
10 microsatellite markers for the whitefish species from Lakes Lucerne, Sarnen, 
Sempach and Zug. Population-based neighbour-joining tree using Cavalli-Sforza 
distances based on 10 microsatellite markers.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/zookeys.1144.67747.suppl1

https://doi.org/10.1002/iroh.19370350123
https://doi.org/10.1007/s10709-007-9164-3
https://doi.org/10.1007/s10709-007-9164-3
https://doi.org/10.1016/j.biocon.2007.01.025
https://doi.org/10.1111/j.1365-294X.2010.04961.x
https://doi.org/10.1111/j.1365-294X.2010.04961.x
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/zookeys.1144.67747.suppl1

	1
	Introduction
	Materials and methods
	Study lakes and whitefish species collection
	Procedures of historical and contemporary specimen collection
	Genetics
	Morphological and meristic characters
	Morphological analyses
	Macrofossils from sediment cores
	Data accessibility

	Results
	Genetics
	Macrofossils from sediment cores in Lake Sarnen
	Species descriptions
	Coregonus litoralis sp. nov.
	Coregonus intermundia sp. nov.
	Coregonus suspensus sp. nov.
	Coregonus nobilis Haack, 1882
	Coregonus muelleri sp. nov.
	Coregonus sarnensis sp. nov.
	Coregonus supersum sp. nov.
	Coregonus zugensis Nüsslin, 1882
	Coregonus obliterus sp. nov.
	Coregonus suidteri Fatio, 1885
	Coregonus gutturosus Gmelin, 1818
	Coregonus arenicolus Kottelat, 1997
	Coregonus macrophthalmus Nüsslin, 1882
	Coregonus wartmanni Bloch, 1784
	Identification key to the species of Lake Lucerne

	Discussion
	Acknowledgements
	References

