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Abstract

Megalomus densistriatus Henriksen, 1922 (Neuroptera: Hemerobiidae) from the earliest Eocene Fur Formation (Denmark) 
is redescribed based on the holotype and 57 additional forewings. The assignation of the species to the Eocene genus 
Archibaldia Makarkin, 2023 is confirmed, as A. densistriata; it possesses all diagnostic character states of this genus. This 
species is one of most abundant Neuroptera in this formation occurring mainly in positive ash layers (younger) of the 
lower horizons of the Silstrup Member, but two specimens are found in the negative layers (older) of the lower to upper 
horizons of the Knudeklint Member. Archibaldia densistriata likely preferred upper microthermal to lower mesothermal 
mesic climate conditions similar to those estimated for A. wehri (Makarkin et al., 2003) from the early Eocene of western 
North America.
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Introduction

The Hemerobiidae comprise more than 550 extant species distributed worldwide (Oswald & Machado 2018). The 
fossils are rather numerous, and to date 38 fossil species have been described (see list in Li et al. 2023, and Makarkin 
& Wedmann 2023; Makarkin 2023, 2024; Chen et al. 2024a, b). 

In the Eocene, the family is represented by 18 fossil species from Europe, North America and the Far Eastern 
Asia (Pictet-Baraban & Hagen 1856; Henriksen 1922; Krüger 1922, 1923; Jarzembowski 1980; Makarkin et al. 
2003; Makarkin & Wedmann 2009; Jepson et al. 2010; Makarkin et al. 2019; Nel & Jarzembowski 2019; Makarkin 
& Perkovsky 2020; Perkovsky & Makarkin 2020; Makarkin 2023, 2024; Chen et al. 2024a; Makarkin & Wedmann 
2024). They occur in the latest Eocene Bembridge Marls (England), the late Eocene Baltic and Rovno ambers, the 
early/middle Eocene Tadushi Formation in the Russian Far East, the middle Eocene Kishenehn Formation (Montana, 
USA), the early Eocene Green River Formation (Colorado, USA), the Okanagan Highland (British Columbia, 
Canada, and Washington, USA) and particularly the Danish Fur Formation.

The Hemerobiidae are the commonest Neuroptera in the Fur Formation. The Henrik Madsen collection alone 
contains around 500 specimens, and more than 50 specimens are deposited in the Fur Museum (pers. data). However, 
the only species of the family described from the formation to date is Megalomus densistriatus Henriksen, 1922. Its 
systematic position has been discussed earlier (e.g., Oswald 1993; Makarkin et al. 2016). Unfortunately, the only 
specimen assigned to the species by Henriksen (1922) was partially inadequately described, making it difficult to 
correctly determine its generic affinity. Recently, it was tentatively transferred to the Eocene genus Archibaldia 
Makarkin, 2023 based on the original description and preliminary examination of few specimens (Makarkin 2023, 
2024: Makarkin & Wedmann 2024). 
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Here, we re-describe the species based on the holotype and numerous additional specimens, and confirm its 
position in Archibaldia. 

Materials and methods

We examined fifty-eight presumed Megalomus densistriatus specimens including the holotype from the Fur 
Formation in northern Jutland, Denmark. This formation is one of the best-known early Eocene Lagerstätte, with 
overviews provided by e.g., Larsson (1975); Pedersen & Surlyk (1983), Archibald & Makarkin (2006), Pedersen et 
al. (2012), and Madsen & Rasmussen (2021). 

The specimens were found at the best known localities of the Fur Formation: northern Mors Island (Ejerslev: 
Cliff and Mo-clay pit; Gullerup; Klitgaard; Klovbakker; Svalklit; Hanklit; Sundby; Skærbæk; and Skarrehage); Fur 
Island (East Cliff); Salling Peninsula (Junget); and the Thy District (Vildsund). 

The Fur Formation is divided into the Knudeklint Member (lower horizons; negative ash layers from -1 to -
33), and Silstrup Member (upper horizons; positive ash layers from +1 to +140) (Rasmussen et al. 2016). The vast 
majority of the specimens of this species were found in the positive ash layers. When precise data are available, 
these are from the lower horizons of the Silstrup Member (ash layers +15 and +25 to +30). Two specimens are 
collected from negative ash layers, -11 to -13 at Ejerslev Mo-clay pit (upper horizons of the Knudeklint Member), 
and -24 to -29 at East Cliff (lower horizons of the Knudeklint Member). 

Specimens were photographed using a Canon EOS 5D II camera, either with a Canon EF 100 f2.8 USM macro 
lens or in conjunction with an Olympus SZ60 stereo microscope. The line drawings were prepared from camera 
images using Adobe Photoshop CS3.

Venational terminology follows Breitkreuz et al. (2017), except for details (e.g., spaces, veinlets, traces, oblique 
radial branches’ (“ORB”) concept) that follow Oswald (1993). Crossveins are designated by the longitudinal veins 
to which they connect and are numbered in sequence from the wing base, e.g., 1r-m, crossvein in first gradate series 
between R and M.

Abbreviations: A1–A3, first to third anal veins; cf, claval flexion line/fold; CuA, anterior cubitus; CuP, posterior 
cubitus; CuA1, proximal-most branch of CuA; hv, humeral veinlet; M, media; MA, anterior media; MP, posterior 
media; mf, medial flexion line/fold; ORB1–ORB3, first (proximal-most) to third oblique radial branches; RA, 
anterior radius; RP, posterior radius; Sc, subcosta.

Institutional abbreviations: FUM, Fur Museum (Museum Salling), Nederby, Denmark; HM, Henrik Madsen 
collection in Museum Mors (Fossil and Moclay Museum), Denmark; NHMD, Natural History Museum of Denmark, 
University of Copenhagen. 

Systematic paleontology

Order Neuroptera Linnaeus, 1758

Family Hemerobiidae Leach, 1815 

Subfamily Drepanepteryginae Krüger, 1922

Genus Archibaldia Makarkin, 2023

Type species. Cretomerobius wehri Makarkin et al., 2003, by original designation.
	 Revised diagnosis. Relatively large hemerobiids (forewing 10–16 mm long), which may be distinguished from 
other genera of the family by possession of the following forewing character states: basal crossveins present between 
R and M (1r-m) [1] and between RA and ORB1 (or ORB2) [2]; ORB1 with several anteriorly-directed pectinate 
branches [3]; M dichotomously branched with three or more long branches originating proximad third gradate series 
[4]; CuP deeply forked proximad first gradate series (often dichotomous) [5]; crossveins between branches of CuA 
in third gradate series present [6]; crossveins present between branches of CuP in first gradate series [7].
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	 Species included. A. wehri (Makarkin et al., 2003) from the early Eocene of western North America (USA: 
Washington: Republic locality); A. densistriata from the early Eocene Fur Formation, Denmark; A. aristovi 
Makarkin, 2023 from the early/middle Eocene of the Russian Far East (Tadushi Formation); Archibaldia? gradata 
(Makarkin et al., 2016) from the late Eocene Baltic amber (preliminarily).
	 Remarks. Proneuronema gradatum is assigned to the genus Archibaldia preliminarily as it lacks character 
states [1], [2], and [6]. On the other hand, the forewing venation of this species differs significantly from that of all 
known species of Proneuronema Makarkin et al., 2016 (i.e., P. minor Makarkin et al., 2016 from Baltic amber; P. 
sidorchukae Makarkin & Perkovsky, 2020 and Proneuronema damzeni Makarkin & Wedmann, 2024 from Rovno 
amber) by the configuration of M and CuP (see Makarkin 2023 and Makarkin & Wedmann 2024).

Archibaldia densistriata (Henriksen, 1922) 
Figs 1–13

Megalomus densistriatus Henriksen, 1922: 14–16, Fig. 4; Larsson 1975: 196, 203; Willmann 1990: 7; Makarkin 1991: 60; 
Oswald 1993: 262; Ansorge 1997: 162; Engel & Grimaldi 2007: 22; Makarkin et al. 2016: 362; Yang et al. 2018: 147 (Tabl. 
1); Makarkin 2023: 116; Makarkin 2024: 167.

Archibaldia densistriata: Makarkin & Wedmann 2024: 595, 599.

Type material. Holotype: MGUH 1821 (part), deposited in NHMD; a nearly complete, poorly preserved forewing 
(Fig. 1). 

Type locality and horizon. Denmark: northern Jutland: Fur Island (precise locality unknown); Fur Formation 
(label says “concretion”; examination of the stone with the fossil shows that the concretion is from the ash-layer +15 
or above); earliest Eocene (early Ypresian). 

Additional material examined. Fifty-one specimens from the Fur Formation collected at the following localities 
in northern Jutland: Mors Island, Ejerslev: FUM N 10525 (Fig. 6A) (part), collected by Jan and Elly Verkleij; a 
complete forewing; a concretion (from a positive ash layer); FUM N 10526 (Fig. 6B) (part), collected by Jan and 
Elly Verkleij; a complete forewing; a concretion (from a positive ash layer); FUM N 10527 (Fig. 3) (part), collected 
by Jan and Elly Verkleij; an incomplete forewing; a concretion (from a ‘positive ash layer); HM 14M-3027 (Fig. 9H) 
(part), collected by H. Madsen on 01.02.1992; an incomplete forewing; Ejerslev Mo-clay pit (an ash layer between 
+25 and +30); HM 14M-3105 (Fig. 9A) (part), collected by H. Madsen on 29.02.1992; an incomplete forewing; 
Ejerslev Mo-clay pit (a positive ash layer); HM 14-3361 (Fig. 10D) (part and counterpart), collected by H. Madsen 
on 21.06.1992; an incomplete forewing; Ejerslev Cliff (a positive ash layer); HM 14-A2706 (Fig. 6E) (part and 
counterpart), collected by H. Madsen on 19.11.1993; a complete, rather well-preserved forewing; Ejerslev Cliff (ash 
layer +15); HM 14M-3744 (Fig. 8C) (part), collected by H. Madsen on 13.09.1992; a nearly complete forewing; 
Ejerslev Mo-clay pit (ash layer ≤+19); HM 14M-3795 (Fig. 10C) (part and counterpart), collected by H. Madsen on 
02.10.1992; a nearly complete forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30); HM 14M-4073 
(Fig. 6F) (part and counterpart), collected by H. Madsen on 02.01.1993; a nearly complete forewing; Ejerslev Cliff 
(ash layer +15); HM 14M-B2314 (Fig. 10E) (part and counterpart), collected by H. Madsen on 11.04.1995; an 
incomplete forewing; Ejerslev Mo-clay pit (ash layer +15); HM 14M-B2983 (Fig. 5) (part and counterpart), collected 
by H. Madsen on 06.08.1995; an incomplete forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30); 
HM 14M-B4041 (Fig. 9F) (part and counterpart), collected by H. Madsen on 17.02.1996; an incomplete forewing; 
Ejerslev Mo-clay pit (an ash layer between +25 and +30); HM 14M-B4264 (Fig. 10B) (part), collected by H. 
Madsen on 01.03.1996; a nearly complete forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30); HM 
14M-2519 (Fig. 11B) (part and counterpart), collected by H. Madsen on 22.08.1991; an incomplete, rather well-
preserved forewing; Ejerslev Mo-clay pit (a positive ash layer); HM 14M-2480 (Fig. 11C) (part and counterpart), 
collected by H. Madsen on 04.08.1991; an incomplete, poorly-preserved forewing; Ejerslev Mo-clay pit (a positive 
ash layer); HM 14M-B3899 (Fig. 11D) (part and counterpart), collected by H. Madsen on 02.02.1996; an incomplete, 
poorly-preserved forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30); HM 14M-A4605 (Fig. 11E) 
(part and counterpart), collected by H. Madsen on 25.11.1994; an incomplete, poorly-preserved forewing; Ejerslev 
Mo-clay pit (an ash layer between +25 and +30); HM 14M-B3907 (Fig.11F) (part and counterpart), collected by H. 
Madsen on 02.02.1996; an incomplete, poorly-preserved forewing; Ejerslev Mo-clay pit (an ash layer between +25 
and +30); HM 14M-C3498 (Fig. 11H) (part and counterpart), collected by H. Madsen 14.03.1997; an incomplete, 
poorly-preserved forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30). Mors Island: Gullerup: FUM 
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N 11102 (Fig. 8H) (part and counterpart), collected by E. Rettig; an incomplete forewing; a concretion (from a 
positive ash layer); FUM N 11104 (Fig. 8G) (part and counterpart), collected by E. Rettig; an incomplete forewing; 
a concretion (from a positive ash layer); FUM N 13894 (Fig. 6H) (part and counterpart), collected by E. Rettig; a 
nearly complete forewing; a concretion (from a positive ash layer); FUM N 16656 (Fig. 8E) (part and counterpart), 
collected by Jan & Elly Verkleij; an incomplete forewing; a concretion (from a positive ash layer); FUM N 13895 
(Fig. 11A) (part and counterpart), collected by E. Rettig; an incomplete, very poorly preserved forewing; a concretion 
(from a positive ash layer). Mors Island: Klitgaard: FUM N 13883 (Fig. 6D) (part and counterpart), collected by E. 
Rettig; a nearly complete forewing; Klitgaard Cliff, a concretion (from a positive ash layer); FUM N 13904 (Fig. 
7H) (part and counterpart), collected by E. Rettig; an incomplete forewing; Klitgaard Cliff, a concretion (from a 
positive ash layer); FUM N 16965 (Fig. 7D) (part and counterpart), collected by E. Rettig; a nearly complete 
forewing; Klitgaard Cliff, a concretion (from a positive ash layer); HM 6M-2205 (Fig. 6G) (part), collected by H. 
Madsen in 1990; a nearly complete forewing; Klitgaard Mo-clay pit, a concretion (from a positive ash layer); HM 
6M-2258 (Fig. 9С) (part and counterpart), collected by H. Madsen in 1990; an incomplete forewing; Klitgaard Mo-
clay pit, a concretion (from a positive ash layer). Mors Island: Klovbakker: HM 4-2003 (Fig. 8A) (part and 
counterpart), collected by H. Madsen in 1990; a nearly complete forewing; a concretion (from a positive ash layer). 
Mors Island: Svalklit: FUM N 13898 (Fig. 7A) (part and counterpart), collected by E. Rettig; a complete forewing; 
a concretion (from a positive ash layer); FUM N 13899 (Fig. 9D) (part and counterpart), collected by E. Rettig; an 
incomplete forewing; a concretion (from a positive ash layer); FUM N 17009 (Fig. 7B) (part and counterpart), 
collected by E. Rettig; a nearly complete forewing; a concretion (from a positive ash layer). Mors Island: Hanklit: 
FUM N 13900 (Fig. 9G) (part and counterpart), collected by E. Rettig; a complete forewing; a concretion (from a 
positive ash layer). Mors Island: Sundby: HM 5-4334 (Fig. 7F) (part and counterpart), collected by H. Madsen on 
08.02.1993; an ash layer between +25 and +30. Mors Island: Skærbæk: HM 10-B3138 (Fig. 9E) (part and counterpart), 
collected by H. Madsen on 26.08.1995; an incomplete forewing; an ash layer between +25 and +30. Mors Island: 
Skarrehage: HM 11-3942 (Fig. 10A) (part and counterpart), collected by H. Madsen on 01.12.1992; an incomplete 
forewing; an ash layer between +25 and +30; HM 11-A4485 (Fig. 9B) (part and counterpart), collected by H. 
Madsen on 29.10.1994; an incomplete forewing; an ash layer between +25 and +30; HM 11-A4705 (Fig. 8D) (part 
and counterpart), collected by H. Madsen on 22.12.1994; a complete forewing; ash layer +15; HM 11-A4706 (Fig. 
4) (part and counterpart), collected by H. Madsen on 22.12.1994; a nearly complete forewing; ash layer +15; HM 
11-3165 (Fig. 11G) (part and counterpart), collected by H. Madsen on 11.04.1992; an incomplete, poorly preserved 
forewing; a concretion (from a positive ash layer). Fur Island: East Cliff: FUM N 13474 (Fig. 8B) (part), collected 
by Jan & Elly Verkleij; an incomplete forewing; an ash layer between -24 and -29; HM 17-C3223 (Fig. 10H) (part 
and counterpart), collected by H. Madsen on 02.02.1997; a nearly complete forewing; an ash layer between +25 and 
+30. Fur Island (precise locality unknown): FUM N 13909 (Fig. 8F) (part), collected by Jan & Elly Verkleij; a 
nearly complete poorly-preserved forewing; a concretion (from a positive ash layers); FUM N 16783 (Fig. 7E) 
(part), collected by Jan & Elly Verkleij; a complete, rather poorly-preserved forewing; a concretion (from a positive 
ash layer). Salling Peninsula: Junget: HM 21-2011 (Fig. 10F) (part and counterpart), collected by H. Madsen in 
1990; an incomplete forewing; a concretion (from a positive ash layer). Thy District: Vildsund: HM VSK-2238 
(Fig. 2) (part and counterpart), collected by H. Madsen in 1990; a nearly complete well-preserved forewing; a 
concretion (from a positive ash layer). Precise localities unknown: FUM N 16746 (Fig. 7G) (part), collected by O. 
Burholt; a complete well-preserved forewing; a concretion (from a positive ash layer); FUM N 17006 (Fig. 7C) 
(part), a nearly complete, poorly-preserved forewing; a concretion (from a positive ash layer); FUM N 17008 (Fig. 
6C) (part and counterpart); an incomplete, well-preserved forewing; a concretion (from a positive ash layer); TJS 
0123 (Fig. 10G) (part), collected by E. Rettig; an incomplete, rather poorly-preserved forewing; a concretion (from 
a positive ash layer).

Forewings of presumed Archibaldia densistriata: HM 14M-B4970 (Fig. 12A) (part and counterpart), 
collected by H. Madsen on 28.06.1996; an incomplete forewing; Ejerslev Mo-clay pit (ash layer +15); HM 
14M-B4731 (Fig. 12B) (part and counterpart), collected by H. Madsen on 27.05.1996; an incomplete forewing; 
Ejerslev Mo-clay pit (an ash layer between +25 and +30); HM 14M-B3312 (Fig. 12С) (part), collected by H. 
Madsen on 16.09.1995; an incomplete forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30); HM 8-
2193 (Fig. 12D) (part and counterpart), collected by H. Madsen in 1990; an incomplete forewing; Klitgaard Cliff, 
a concretion (from a positive ash-layer); HM 14M-C2203 (Fig. 12E) (part), collected by H. Madsen on 26.07.1996; 
an incomplete forewing; Ejerslev Mo-clay pit (an ash layer between +25 and +30). 
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Hind wing of presumed Archibaldia densistriata: HM 14M-B3268 (Fig. 13) (part and counterpart), collected 
by Henrik Madsen on 16.09.1995; a poorly preserved hind wing; Ejerslev Mo-clay pit (an ash layer between +25 
and +30).

Figure 1. Archibaldia densistriata (Henriksen, 1922), holotype MGUH 1821. A, dry; B, wetted with alcohol; C, drawing of 
forewing venation. Scale bars 2 mm.
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Figure 2. Archibaldia densistriata (Henriksen, 1922), specimen HM VSK-2238. A, part; B, counterpart (both wetted with 
alcohol; converted to standard right view C); drawing of forewing venation. Scale bars 2 mm.
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Figure 3. Archibaldia densistriata (Henriksen, 1922), specimen FUM N 10527. A, part (dry); B, same (wetted with alcohol); 
C, drawing of forewing venation. Scale bars 2 mm (A, B to same scale).
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Figure 4. Archibaldia densistriata (Henriksen, 1922), specimen HM 11-A4706. A, part (dry); B, counterpart (wetted with 
alcohol; converted to standard right view); C, drawing of forewing venation combined from the part and counterpart. Scale bars 
2 mm.
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Figure 5. Archibaldia densistriata (Henriksen, 1922), specimen HM 14M-B2983. A, part (converted to standard right view); 
B, counterpart (both wetted with alcohol); C, drawing of forewing venation. Scale bars 2 mm. 
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Figure 6. Archibaldia densistriata (Henriksen, 1922), forewings. A, FUM N 10525; B, FUM N 10526; C, FUM N 17008; D, 
FUM N 13883; E, HM 14-A2706; F, HM 14M-4073; G, HM 6M-2205; H, FUM N 13894. All wetted with alcohol; converted 
to standard right view. Scale bars 2 mm.

Diagnosis. May be distinguished from other species of the genus by the following forewing character states: 
crossveins between subcostal veinlets absent [present in A. wheri, A.? gradata]; ORB2 originates much distad (or 
at level of) basal branch of ORB1 [much proximad basal branch of ORB1 in A. aristovi].

Description based on all available specimens. Forewing 12.3–15.8 mm long (N = 24), 6.1–8.0 mm wide (N 
= 21). Costal space broad, gradually narrowing towards wing apex, but distally quite wide. Subcostal veinlets in 
proximal half of wing very stout and oblique; distal veinlets generally poorly preserved; crossveins not detected 
between these. Humeral veinlet strongly recurrent with 7–11 branches; of these, two to five (mostly proximal) 
simple, others forked one to three times. Subcostal space moderately broad, narrowing towards wing apex; basal 
crossvein located approximately at level of origin of ORB1; intermediate and distal crossveins not detected due to 
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poor preservation. Sc and RA distally not fused. RA terminates at margin well before wing apex, with few veinlets. 
RA space (between RA and distal ORB) narrow, usually with three crossveins (of these one located proximad third 
series of gradate crossveins) (Fig. 4C). RP with three to four ORBs. ORB1 with three to five anteriorly-directed 
branches proximad third gradate series of crossveins. Distal ORB with six to eight branches. ORBs between ORB1 
and distal ORB (ORB2 or ORB2 and ORB3) shallowly forked. M dichotomously forked, four to six times proximad 
third gradate series. Cu divided into CuA, CuP near wing base. CuA pectinately forked, with four to six branches 
proximad third gradate series. CuP generally dichotomously forked, three to four times (proximal-most fork deep, 
proximad (or at) first gradate series of crossveins). A1 deeply forked, both branches distally forked several times. 
A2 pectinately branched with several forked branches. A3 relatively short, with few branches. Three distinct flexion 
lines (folds): between RP, M (radiomedial (=medial) flexion line); between CuP, A1 (cubitoanal (=claval) flexion 
line); between A1, A2 (intraanal flexion line). Continuous first (basal) gradate series of crossveins includes at least 
four crossveins from Sc to CuP. Continuous second gradate series contains seven to eight crossveins from ORB1 to 
posterior branch of CuP, and one between anterior branch of ORB1 and R. Continuous third gradate series includes 
up to 20 crossveins from RA to CuA, and several irregular crossveins between branches of CuA. Fourth (outer) 
series continuous, up to 38 crossveins from RA to at least posterior branch of CuP. 

Color pattern. Most of wing brownish, except membrane between branches of humeral veinlet significantly 
lighter; dark brown area present in proximal part of costal space, and blackish spot approximately at origin of 
CuA1. Membrane surrounding crossveins in the third and fourth gradate series occasionally dark brown forming 
two transverse fasciae.

Hind wing (based only on HM 14M-B3268: Fig. 13) ca. 12 mm long, 5.5 mm wide. Costal space relatively 
narrow. Sc and RA widely separated distally. RA space appears very broad proximally. Other details very poorly 
preserved. 

Re-description of the holotype and description of best-preserved specimens. Holotype MGUH 1821 (Fig. 
1). Forewing 15.8 mm long, 8.0 mm wide (length/width ratio 1.98). hv with 11 branches (five distal branches forked 
once or twice, others simple). ORB1 with five anteriorly-directed branches; distal ORB with up to eight branches. M 
probably forked five to six times proximad third gradate series. Medial flexion line (fold) rather distinct. CuA with 
several long branches. Other details of the venation poorly discernible. Coloration: wing slightly brownish almost 
throughout except dark brown areas in proximal costal space and surrounding area approximately at the origin of 
CuA1, and in anal area; membrane between the branches of humeral veinlets remarkably lighter.

Specimen HM VSK-2238 (Fig. 2). Forewing 12.6 mm long as preserved (estimated complete length ca. 13.5 
mm), 6.4 mm wide (length/width ratio 2.11). RP with three ORBs. ORB1 with four anteriorly-directed branches 
proximad third gradate series of crossveins. ORB2 shallowly forked. ORB3 with seven branches, two of which are 
forked proximad fourth gradate series of crossveins. M forked five times proximad third gradate series of crossveins. 
Medial flexion line (fold) rather distinct. CuA pectinate, with six branches; two of which forked proximad third 
gradate series of crossveins; branches zigzag curved at fourth (outer) gradate series of crossveins. CuP forked three 
times proximad fourth gradate series of crossveins. Anal veins preserved fragmentarily. Crossveins of first (basal) 
gradate series not preserved. In second series, two crossveins preserved: between branches of M and between 
CuA, CuP. Third series nearly complete, 15 crossveins from fifth branches of ORB3 to CuA. Fourth (outer) series 
incomplete, with 12 preserved crossveins from ORB1 to CuP. Coloration generally as in the holotype.

Specimen FUM N 10527 (Fig. 3). Forewing ca. 11.6 mm long as preserved (estimated complete length ca. 12 
mm), ca. 5.4 mm wide as preserved (estimated complete width ca. 5.6 mm) (length/width ratio 2.14). rv with eight 
branches (three distal branches forked once to twice, other simple). RP with four ORBs. ORB1 with three anteriorly-
directed branches proximad third gradate series of crossveins. ORB2, ORB3 shallowly forked (at or distad fourth 
(outer) gradate series). ORB4 (distal) with six branches, one of which is deeply forked. M forked five times proximad 
third gradate series of crossveins; one (posterior) branch abnormally incomplete, terminating proximad third gradate 
series of crossveins. CuA pectinate, with six branches. CuP incomplete, probably with four long branches. Basal 
part of A1 preserved fragmentarily. First (basal) gradate series of crossveins with two preserved crossveins: between 
Sc, R and R, M. Second series represented by five preserved crossveins from ORB1 to CuP. Third series nearly 
complete, with 17 crossveins from stem of ORB4 to posterior branch of CuA. Fourth (outer) series incomplete, with 
13 preserved crossveins from ORB1 to one of posterior branches of CuP. Color pattern in general as in the holotype, 
but much darker. 
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Figure 7. Archibaldia densistriata (Henriksen, 1922), forewings. A, FUM N 13898; B, FUM N 17009; C, FUM N 17006; 
D, FUM N 16965; E, FUM N 16783; F, HM 5-4334; G, FUM N 16746; H, FUM N 13904. All wetted with alcohol; converted 
to standard right view. Scale bars 2 mm.

Specimen HM 11-A4706 (Fig. 4). Forewing 14.3 mm long, 6.9 mm wide (length/width ratio 2.07). rv with seven 
branches (five distal branches forked once, others simple). RP with three ORBs. ORB1 with four branches directed 
anteriorly proximad third gradate series of crossveins. ORB2 shallowly forked. ORB3 (distal) with seven branches, 
one of branches forked twice proximad fourth (outer) gradate series of crossveins. M nearly dichotomously forked 
five times proximad third gradate series; proximal-most fork located distad origin of ORB1. Cu divided into CuA, 
CuP near wing base. CuA pectinate, with five branches, one of which is deeply forked. CuP dichotomously forked, 
with fine long branches; its most-proximal fork located near its origin. A1 preserved fragmentarily, with probably 
three distal pectinate branches. First (basal) gradate series of crossveins with three preserved crossveins: between 
Sc, R; M, CuA; and CuA, CuP. In second series, three preserved crossveins between the branches of CuP. Third 
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series complete, with 18 crossveins from the stem of RA to CuA and two poorly preserved crossveins between 
branches of CuA. Fourth (outer) series partially preserved, with 19 crossveins from RA to CuP. Two additional 
crossveins: between RA and ORB3 proximad third gradate series; between RA and ORB1 (possibly belonging to 
second gradate series). Color pattern: wing generally brownish; costal space (except basal portion), basal part of 
wing and distally in area of fourth gradate series dark brown; area approximately at the origin of CuA1 blackish; 
membrane surrounding crossveins in third gradate series dark brown forming transverse fascia (color patterns of 
part and counterpart differ significantly).

Figure 8. Archibaldia densistriata (Henriksen, 1922), forewings. A, HM 4-2003; B, FUM N 13474; C, HM 14M-3744; D, 
HM 11-A4705; E, FUM N 16656; F, FUM N 13909; G, FUM N 11104; H, FUM N 11102. All wetted with alcohol; converted 
to standard right dorsal view. Scale bars 2 mm.

Specimen HM 14M-B2983 (Fig. 5). Forewing 13 mm long (as preserved; estimated complete length ca. 14 mm), 
6.4 mm wide (length/width ratio 2.19). hv with nine branches (four simple, others forked once to three times). RP 
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with five ORBs. ORB1 with three anteriorly-directed branches proximad third gradate series of crossveins. ORB2, 
ORB3 shallowly forked. ORB4 with five branches (one of these deeply forked); ORB5 probably shallowly forked 
(its presence is abnormal). M forked four times proximad third gradate series. CuA with four branches proximad 
fourth gradate series of crossveins (two deeply forked). CuP probably five-forked proximad fourth gradate series. 
A1 long, deeply forked, both branches distally forked several times (branching type unclear). A2 long, pectinately 
forked, all branches forked. A3 relatively short, weakly branched. Two preserved crossveins in first (basal) gradate 
series: between Sc and R, and between R and M. Second series: only one preserved crossvein (between CuA, 
CuP) long, oblique. Third series incomplete, with 14 preserved crossveins from RA to CuP. Fourth (outer) series 
incomplete, with 16 preserved crossveins from ORB1 to CuP. Coloration generally as in the holotype, but much 
darker; also, membrane surrounding crossveins in third and fourth gradate series dark brown forming two transverse 
narrow fasciae. 

Figure 9. Archibaldia densistriata (Henriksen, 1922), forewings. A, HM 14M-3105; B, HM 11-A4485; C, HM 6M-2258; D, 
FUM N 13899; E, HM 10-B3138; F, HM 14M-B4041; G, FUM N 13900; H, HM 14M-3027. All wetted with alcohol; converted 
to standard right view. Scale bars 2 mm.
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Figure 10. Archibaldia densistriata (Henriksen, 1922), forewings. A, HM 11-3942; B, HM 14M-B4264; C, HM 14M-3795; 
D, HM 14-3361; E, HM 14M-B2314; F, HM 21-2011; G, TJS 0123; H, HM 17-C3223. All wetted with alcohol; converted to 
standard right dorsal view. Scale bars 2 mm.

Remarks. No complete specimens of the species have been found to our knowledge and therefore the 
assignment of the hind wing HM 14M-B3268 to it is speculative, based on the following arguments. This hind wing 
belongs to Hemerobiidae: its shape is characteristic of the family; Sc and RA are widely spaced distally (fused in 
Polystoechotidae and Osmylidae); the preserved venation in the postero-distal part of the wing excludes Chrysopidae 
and Mantispidae, and is characteristic of Hemerobiidae; the long CuA parallel to the hind margin is not traced 
(present in Berothidae). Its length (ca. 12 mm) is corresponding to length of forewings of Archibaldia densistriata 
(12.3–15.8 mm). Other numerous hemerobiids from the Fur Formation are smaller and their hind wings are shorter, 
ca. 5–10 mm. Unfortunately, the only hind wing is very poorly preserved, and few details are discernible.
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Figure 11. Archibaldia densistriata (Henriksen, 1922), poorly-preserved forewings. A, FUM N 13895; B, HM 14M-B4970; 
C, HM 14M-2480; D, HM 14M-B3899; E, HM 14M-A4605; F, HM 14M-B3907; G, HM 11-3165; H, HM 14M-C3498. All 
wetted with alcohol; converted to standard right view. Scale bars 2 mm.

The poorly preserved and incomplete forewings shown in Figure 11 have some coloration characteristic of A. 
densistriata and are assigned to that species. The very poorly-preserved and incomplete forewings shown in Figure 
12 have some venation features of Archibaldia, but does not have the coloration of A. densistriata, and they are 
assigned to this species only preliminarily.
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Figure 12. Forewings of presumed Archibaldia densistriata (Henriksen, 1922). A, HM 14M-2519; B, HM 14M-B4731; C, 
HM 14M-B3312; D, HM 8-2193; E, HM 8-2193. All wetted with alcohol; converted to standard right view. Scale bars 2 mm.

Discussion

Genus affinity of Megalomus densistriatus 

The examined material shows that the characters of Megalomus densistriatus fully correspond to the diagnosis of 
the genus Archibaldia (see Diagnosis). Unfortunately, the membrane of this species is mostly dense and brownish. 
Due to this, the venation of most specimens is not clearly discernible, like that of extant species of Drepanepteryx 
Leach, 1815. All diagnostic character states of Archibaldia are preserved only in the few best-preserved specimens. 
In particular, the basal crossvein 1r-m is detected only in FUM N 10527 and HM 14M-B2983 (Figs 3, 5); crossvein 
between ORB1 and RA is well preserved only in HM 11-A4706 (Fig. 4). 
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Figure 13. Hind wing of presumed Archibaldia densistriata (Henriksen, 1922). HM 14M-B3268. A, part, dry; B, part, wetted 
with alcohol (both converted to standard right view). Scale bar 2 mm (both to same scale).

	 We add a character [#6] to the genus diagnosis of Makarkin (2023). Crossveins between branches of СuA in the 
third gradate series are present in two species of Archibaldia (i.e., A. densistriata and A. wehri: Makarkin et al. 2003: 
Fig. 4), and not detected in A. aristovi because of incomplete preservation (Makarkin 2023: Fig. 2). These crossveins 
occur only in few species of Hemerobiidae, all belonging to Megalomus-like genera: the extant Austromegalomus 
insulanus Oswald, 1988, Drepanepteryx phalaenoides (Linnaeus, 1758), and Megalomus moestus Banks, 1895 
(Oswald 1993: Figs 140, 182; Monserrat 1997: Fig. 99). 
	 Crossveins between branches of СuP in the first gradate series [#7] are not detected in A. densistriata due to 
poor preservation of this area in all specimens examined.

Characteristics of Archibaldia densistriata

Unfortunately, the body of the species is not preserved in any specimens, and only one presumed poorly-preserved 
hind wing is identified. Thus, it is known exclusively by its forewings. Additionally, the bodies and hind wings of 
other species of the genus are not preserved either (except for the pterothorax of Archibaldia? gradata, but this 
species is preliminarily assigned to the genus). 
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The forewing venation of A. densistriata is very similar to those of A. wehri and A. aristovi, especially given its 
variability. The venation of two undescribed specimens of the genus from the early Eocene Republic locality (USA), 
the type locality of A. wehri, is more similar to that of A. densistriata than to the holotype of A. wehri. The presence 
of crossveins in the costal space of these specimens is the only reliable difference from A. densistriata. Archibaldia 
aristovi is known by the basal portion of a forewing, and differs from A. densistriata only by the RP branching (see 
Diagnosis) and color pattern (A. aristovi possesses numerous small brown spots). 

The rather high variability of A. densistriata’s venation is normal for all species of Drepanepteryginae. Such 
an anomaly as observed in FUM N 10527, i.e., the incomplete branch of M (Fig. 3), is also normal for the family. 
However, an anomaly found in HM 14M-B2983, i.e., the extra distal ORB5 (Fig. 5), has never been seen before in 
Hemerobiidae. 

The forewings of A. densistriata are clearly different in shape. In general, the length/width forewing ratio 
differs between males and females of most examined Hemerobiidae (Makarkin & Kholin 1995). The greatest sexual 
differences in this ratio are observed in Hemerobius tristriatus Kuwayama, 1954: 2.38±0.01 in males and 2.51±0.02 
in females, i.e., the ratio of the female forewing is on average 0.95 of that of the male forewing. This is significantly 
lower than for A. densistriata; differences between extreme values in its length/width forewing ratio are 0.84, i.e., 
the forewing shape of A. densistriata is more variable. Apparently, representatives of both sexes are present among 
the specimens examined.

The more or less stable elements of the color pattern of A. densistriata include a pale membrane between 
branches of the humeral veinlet, dark brown area in the proximal costal space, and a blackish spot approximately 
near the origin of CuA1. An undescribed specimen of the genus from Republic has a color pattern particularly 
similar to that of A. densistriata possessing these stable elements. The brown membrane around crossveins of the 
third and (rarely) fourth gradate series is probably not present in every forewing or is poorly preserved in most 
forewings of both A. densistriata and A. wehri. 

Probable climatic parameters of Archibaldia densistriata

The Fur Formation was deposited during an approximately 650-thousand-year period, from -33 ash layers (lowest 
depositions of the formation) to +140 (uppermost) (Jones et al. 2025: Fig. 7). But A. densistriata is known to occur 
in a much shorter period. Most specimens of Archibaldia densistriata are found in positive ash layers (younger), 
mainly from +25 to +30, rarer in +15, but two specimens are from negative layers (older), from -11 to -13 and -24 
to -29. The color pattern and discernable venation of these specimens from negative layers do not differ from those 
from positive layers, including the holotype. Therefore, they surely belong to A. densistriata. The age of +19 layer is 
estimated to be 55.331 Ma; the age of the lowest depositions of the formation is approximately 55.785 Ma (Charles 
et al. 2011; Stokke et al. 2020; Jones et al. 2025).
	 Therefore, the species is documented in no more than a 250,000-year period, but it likely existed during most of 
the Fur Formation deposition. We assume that the environmental conditions in the older layers were unfavorable for 
it. In upper horizons of the formation (positive layers) the climate was cooler than in lower horizons, although the 
lowest layers were deposited during a period of sharp, relatively short-term cooling (the so called “recovery phase”) 
(Jones et al. 2019; Stokke et al. 2020). This may be why the positive layers lack some cryophobic taxa that occur in 
negative layers, e.g., the recently described Drepanicinae and possibly Calomantispinae (Neuroptera: Mantispidae), 
syncompressed Ropronia Provancher, 1886 (Hymenoptera: Roproniidae) and Mantodea (Makarkin et al. 2025a, b; 
Shcherbakov et al. 2025; Makarkin & Perkovsky 2026; Perkovsky & Rasnitsyn 2026). Upper horizons (layers +25 
to +30) are those where the highest number of aphids are found, which is a good indicator of this cooling (Rust 1999; 
Prokin et al. 2024; Makarkin et al. 2025b). The larvae and adults of A. densistriata undoubtedly fed mainly on aphids 
like most living representatives of Hemerobiidae. In general, the climatic parameters of Archibaldia species were 
likely similar to those of the morphologically resemble Neuronema McLachlan, 1869, species of which live today 
mainly in eastern Palearctic. At least two species of Archibaldia (A. densistriata and A. wehri) probably preferred 
the upper microthermal to lower mesothermal mesic climatic conditions, similar to those of modern coastal southern 
British Columbia (climatic parameters of A. wehri after Greenwood et al. 2005).



Makarkin et al.68  ·  Zootaxa 5873 (1) © 2026 Magnolia Press

Acknowledgements

We thank René L. Sylvestersen (FUM), and Henrik Madsen for access to the collection at FUM and the HM 
collection; Arden R. Bashforth and Laura Cotton (NHMD) are thanked for making the holotype available to us; 
and S. Bruce Archibald (University of British Columbia) for editing the English. The research of VNM was carried 
out within the framework of the state assignment of Ministry of Science and Higher Education of the Russian 
Federation (theme No. 124012400285-7). TJS was supported by grants from the Danish Ministry for Culture (grant: 
FORM.2019-0006), 15 June Foundation (grant: 2018-N-146), and Augustinus Foundation (grant: 19-1419). EEP 
was supported by the Scholars at Risk Ukraine (SARU) program for 2026 funded by Orient’s Fond. 

References
 
Ansorge, J. (1997) Insekten aus einem untereozänen Zementsteingeschiebe von Lubmin (Vorpommern). Archiv für 

Geschiebekunde, 2 (4), 161–164.
Banks, N. (1895) New neuropteroid insects. Transactions of the American Entomological Society, 22, 313–316.
Breitkreuz, L.C.V., Winterton, S.L. & Engel, M.S. (2017) Wing tracheation in Chrysopidae and other Neuropterida (Insecta): A 

resolution of the confusion about vein fusion. American Museum Novitates, 3890, 1–44.
	 https://doi.org/10.1206/3890.1
Charles, A.J., Condon, D.J., Harding, I.C., Pälike, H., Marshall, J.E., Cui, Y. & Croudace, I.W. (2011) Constraints on the 

numerical age of the Paleocene-Eocene boundary. Geochemistry, Geophysics, Geosystems, 12 (6), Article Q0AA17.
	 https://doi.org/10.1029/2010GC003426
Chen, Z.-L., Gao, Y.-H. & Liu, X.-Y. (2024a) A new brown lacewing species of the genus Pseudonotherobius Makarkin, 2024 

(Neuroptera: Hemerobiidae) from the Eocene Baltic amber. Palaeoentomology, 7 (6), 746–752.
	 https://doi.org/10.11646/palaeoentomology.7.6.10
Chen, Z.-L., Zhuo, D., Xu, C.-P. & Liu, X.-Y. (2024b) Discovery of new brown lacewings from the mid-Cretaceous Kachin 

amber highlights the Cretaceous diversity of Hemerobiidae (Insecta: Neuroptera). Palaeoentomology, 7 (5), 659–674.
	 https://doi.org/10.11646/palaeoentomology.7.5.9
Engel, M.S. & Grimaldi, D.A. (2007) The neuropterid fauna of Dominican and Mexican amber (Neuropterida: Megaloptera, 

Neuroptera). American Museum Novitates, 3587, 1–58.
	 https://doi.org/10.1206/0003-0082(2007)3587[1:TNFODA]2.0.CO;2
Greenwood, D.R., Archibald, S.B., Mathewes, R.W. & Moss, P.T. (2005) Fossil biotas from the Okanagan Highlands, southern 

British Columbia and northeastern Washington State: climates and ecosystems across an Eocene landscape. Canadian 
Journal of Earth Sciences, 42 (2), 167–185.

	 https://doi.org/10.1139/e04-100
Henriksen, K.L. (1922) Eocene insects from Denmark. Danmarks Geologiske Undersogelse, 2, 37, 1–36.
	 https://doi.org/10.34194/raekke2.v37.6823
Jarzembowski, E.A. (1980) Fossil insects from the Bembridge Marls, Palaeogene of the Isle of Wight, southern England. 

Bulletin of the British Museum of Natural History (Geology), 33, 237–293.
Jepson, J.E., Penney, D. & Green, D.I. (2010) A new species of brown lacewing (Neuroptera: Hemerobiidae) from Eocene Baltic 

amber. Zootaxa, 2692, 61–68.
	 https://doi.org/10.11646/zootaxa.2692.1.4
Jones, M.T., Percival, L.M.E., Stokke, E.W., Frieling, J., Mather, T.A., Riber, L., Schubert, B.A., Schultz, B., Tegner, Ch., 

Planke, S. & Svensen, H.H. (2019) Mercury anomalies across the Palaeocene–Eocene Thermal Maximum. Climate of the 
Past, 15, 217–236.

	 https://doi.org/10.5194/cp-15-217-2019
Jones, M.T., Augland, L.E., Ovtcharova, M., Stokke, E.E., Ganerød, M. & Planke, S. (2025) New constraints on the absolute age 

and duration of the Paleocene – Eocene Thermal Maximum (PETM) from ash layer +19 in Denmark. Earth and Planetary 
Science Letters, 671, 119643.

	 https://doi.org/10.1016/j.epsl.2025.119643
Krüger, L. (1922) Hemerobiidae. Beitrage zu einer Monographie der Neuropteren-Familie der Hemerobiiden. Stettiner 

Entomologische Zeitung, 83, 138–172.
Krüger, L. (1923) Neuroptera succinica baltica. Die im baltischen Bernstein eingeschlossenen Neuroptera des Westpreussischen 

Provinzial-Museums (heute Museum für Naturkunde und Vorgeschichte) in Danzig. Stettiner Entomologische Zeitung, 84, 
68–92.

Kuwayama, S. (1954) Neuroptera-Planipennia from the Daisetsuzan National Park, Hokkaido, Japan. Insecta Matsumurana, 
18, 94–102.

Larsson, S.G. (1975) Palaeobiology and the mode of burial of the insects of the lower Mo-clay of Denmark. Bulletin of the 
Geological Society of Denmark, 24, 193–209.

https://doi.org/10.1206/0003-0082(2007)3587[1:TNFODA]2.0.CO;2


Megalomus densistriatus revised Zootaxa 5873 (1) © 2026 Magnolia Press  ·  69

Leach, W.E. (1815) Entomology. In: Brewster, D. (Ed.), Edinburgh Encyclopaedia. Vol. 9, part 1. Edinburgh, pp. 57–172.
Li, S.M., Ren, D., Yang, Q. & Shi, C.F. (2023) A new brown lacewing (Neuroptera: Hemerobiidae) from mid-Cretaceous 

Myanmar amber. Palaeoentomology, 6 (5), 533–541.
	 https://doi.org/10.11646/palaeoentomology.6.5.12
Linnaeus, C. (1758) Systema naturae per regna tria naturae secundum classes, ordines, genera, species, cum characteribus, 

differentiis, synonymis, locis, 10th ed. Vol. 1. Salvii, Holmiae, 824 pp.
	 https://doi.org/10.5962/bhl.title.542
Madsen, H. & Rasmussen, J.A. (2021) Geologien fortæller: Moler og Fossiler/What geology tells: The mo-clay and its fossils. 

Museum Mors, Nykøbing Mors, 103 pp.
Makarkin, V.N. (1991) Miocene lacewings (Neuroptera) from the northern Caucasus and Sikhote-Alin. Paleontologicheskii 

Zhurnal, 1991 (1), 57–68. [In Russian; English translation: Paleontological Journal (1992), 25, 55–65].
Makarkin, V.N. (2023) Fossil Hemerobiidae (Neuroptera) from the Eocene Tadushi Formation, the Russian Far East, with 

description a new genus. Zootaxa, 5297 (1), 115–123.
	 https://doi.org/10.11646/zootaxa.5297.1.6
Makarkin, V.N. (2024) First brown lacewings (Neuroptera: Hemerobiidae) from the early Eocene Green River Formation. 

Zootaxa, 5501 (1), 160–170.
	 https://doi.org/10.11646/zootaxa.5501.1.7
Makarkin, V.N., Archibald, S.B. & Oswald, J.D. (2003) New Early Eocene brown lacewings (Neuroptera: Hemerobiidae) from 

western North America. Canadian Entomologist, 135, 637–653.
	 https://doi.org/10.4039/n02-122
Makarkin, V.N. & Kholin, S.K. (1995) Sexual differences in relative length of forewing in Hemerobiidae (Neuroptera). Beiträge 

zür Entomologie, 45 (2), 421–425.
Makarkin, V.N., Nielsen, C. & Perkovsky, E.E. (2025a) A further new genus of Drepanicinae (Neuroptera: Mantispidae) from 

the earliest Eocene Fur Formation, Denmark. Zootaxa, 5696 (3), 444–450.
	 https://doi.org/10.11646/zootaxa.5696.3.9
Makarkin, V.N. & Perkovsky, E.E. (2020) A new species of Proneuronema (Neuroptera, Hemerobiidae) from the late Eocene 

Rovno amber. Zootaxa, 4718 (2), 292–300.
	 https://doi.org/10.11646/zootaxa.4718.2.11
Makarkin, V.N. & Perkovsky, E.E. (2026) A new remarkable genus of Mantispidae (Neuroptera) from the earliest Eocene of 

Denmark. Zootaxa, 5785 (3), 587–595.
	 https://doi.org/10.11646/zootaxa.5785.3.11
Makarkin, V.N., Perkovsky, E.E. & Gröhn, C. (2019) Neotype designation and re-description of Prolachlanius resinatus (Hagen) 

(Neuroptera, Hemerobiidae) from Baltic amber, with the first record of the species from Rovno amber. Zootaxa, 4688 (1), 
57–70.

	 https://doi.org/10.11646/zootaxa.4688.1.2
Makarkin, V.N., Perkovsky, E.E. & Nielsen, C. (2025b) A new genus of Drepanicinae (Neuroptera: Mantispidae) from the early 

Eocene Fur Formation, Denmark. Zootaxa, 5570 (3), 583–590.
	 https://doi.org/10.11646/zootaxa.5570.3.9
Makarkin, V.N. & Wedmann, S. (2009) First record of the genus Sympherobius (Neuroptera: Hemerobiidae) from Baltic amber. 

Zootaxa, 2078 (1), 55–62.
	 https://doi.org/10.11646/zootaxa.2078.1.3
Makarkin, V.N. & Wedmann, S. (2024) A new species of Hemerobiidae (Neuroptera) from the late Eocene Rovno amber. 

Zootaxa, 5538 (6), 595–600.
	 https://doi.org/10.11646/zootaxa.5538.6.6
Makarkin, V.N., Wedmann, S. & Weiterschan, T. (2016) A new genus of Hemerobiidae (Neuroptera) from Baltic amber, with a 

critical review of the Cenozoic Megalomus-like taxa and remarks on the wing venation variability of the family. Zootaxa, 
4179 (3), 345–370.

	 https://doi.org/10.11646/zootaxa.4179.3.2
McLachlan, R. (1869) New species, &c., of Hemerobiina; with synonymic notes (first series). Entomologist’s Monthly Magazine, 

6, 21–27.
Monserrat, V.J. (1997) Revisión del género Megalomus de Latinoamérica (Neuroptera, Hemerobiidae). Fragmenta Entomologica, 

29, 123–206.
Nel, A. & Jarzembowski, E.A. (2019) New lacewings from the Insect Bed (late Eocene) of the Isle of Wight (Neuroptera: 

Nemopteridae, Chrysopidae, Hemerobiidae). Earth and Environmental Science Transactions of the Royal Society of 
Edinburgh, 110, 397–403.

	 https://doi.org/10.1017/S1755691018000476
Oswald, J.D. (1988) A review of the South Pacific genus Austromegalomus Esben-Petersen (Neuroptera: Hemerobiidae) with a 

description of a new species from Rapa. Proceedings of the Entomological Society of Washington, 90, 55–61.
Oswald, J.D. (1993) Revision and cladistic analysis of the world genera of the family Hemerobiidae (Insecta: Neuroptera). 

Journal of the New York Entomological Society, 101, 143–299.
Oswald, J.D. & Machado, R.J.P. (2018) Biodiversity of the Neuropterida (Insecta: Neuroptera, Megaloptera, and Raphidioptera). 



Makarkin et al.70  ·  Zootaxa 5873 (1) © 2026 Magnolia Press

In: Foottit, R.G. & Adler, P.H. (Eds.), Insect Biodiversity: Science and Society. Vol. 2. John Willey & Sons Ltd, Oxford, pp. 
627–671.

	 https://doi.org/10.1002/9781118945582.ch21
Pedersen, G.K., Pedersen, S.A.S., Bonde, N., Heilmann-Clausen, C., Larsen, L.M., Lindow, B., Madsen, H., Pedersen, A.K., 

Rust, J., Schultz, P.B., Storey, M. & Willumsen, P.S. (2012) Molerområdets geologi – sedimenter, fossiler, askelag og 
glacialtektonik. Geologisk Tidsskrift 2011, 41–135.

	 https://2dgf.dk/wp-content/uploads/2016/05/gt2011-41-135.pdf
Pedersen, G.K. & Surlyk, F. (1983) The Fur Formation, a late Paleocene ash-bearing diatomite from northern Denmark. Bulletin 

of the Geological Society of Denmark, 32, 43–65.
	 https://doi.org/10.37570/bgsd-1983-32-03
Perkovsky, E.E. & Makarkin, V.N. (2020) A new species of Sympherobius Banks (Neuroptera: Hemerobiidae) from the late 

Eocene Rovno amber. Palaeoentomology, 3 (2), 196–203.
	 https://doi.org/10.11646/palaeoentomology.3.2.9
Perkovsky, E.E. & Rasnitsyn, A.P. (2026) Description of the second European Cenozoic roproniid (Hymenoptera: Roproniidae) 

from the earliest Eocene Fur Formation, Denmark, with remarks on the family diagnosis. Palaeoentomology, 9 (1), 1–4.
	 https://doi.org/10.11646/palaeoentomology.9.1.1
Pictet-Baraban, F.J. & Hagen, H.A. (1856) Die im Bernstein befindlichen Neuropteren der Vorwelt. In: Die im Bernstein 

befindlichen organischen Reste der Vorwelt gesammelt, in verbindung mit mehreren bearbeitet und herausgegeben von Dr. 
Georg Carl Berendt. Band 2, Abteilung 2. Nicholaischen Buchhandlung, Berlin, pp. 41–125.

Prokin, A.A., Hájek, J., Vasilenko, D.V. & Perkovsky, E.E. (2024) The oldest Rhantus (Coleoptera, Dytiscidae) from the earliest 
Eocene Fur Formation, Denmark. Zootaxa, 5458 (2), 263–274.

	 https://doi.org/10.11646/zootaxa.5458.2.5
Provancher, L. (1886) Additions et corrections à la faune hyménoptérologique de la province de Québec. Québec, 475 pp.
	 https://doi.org/10.5962/bhl.title.38326
Rasmussen, J.A., Madsen, H., Schultz, B.P., Sylvestersen, R.L. & Bonde, N. (2016) The lowermost Eocene deposits and biota 

of the western Limjord region, Denmark – Field Trip Guidebook. In: 2nd International Mo-clay Meeting, 2–4 Nov. 2016, 
at Muse®um, Skive and Fossil and Mo-clay Museum, Museum Mors, Nykøbing Mors, Denmark, 35 pp.

Rust, J. (1999) Biologie der Insekten aus dem ältesten Tertiär Nordeuropas. Habilitationsschrift zur Erlangung der venia legendi 
für das Fach Zoologie in der biologischen Fakultät der Georg-August-Universität, Göttingen, 482 pp., 34 pls.

Shcherbakov, E.O., Perkovsky, E.E., Sylvestersen, R.L. & Anisyutkin, L.N. (2025) The northernmost Eocene genus and species 
of praying mantises (Mantodea Burmeister, 1838) from Fur Formation, Denmark. Zootaxa, 5715 (1), 433–440.

	 https://doi.org/10.11646/zootaxa.5715.1.37
Stokke, E.W., Jones, M.T., Tierney, J.E., Svensen, H.H. & Whiteside, J.H. (2020) Temperature changes across the Paleocene-

Eocene Thermal Maximum – a new high-resolution TEX86 temperature record from the Eastern North Sea Basin. Earth 
and Planetary Science Letters, 544, 116388.

	 https://doi.org/10.1016/j.epsl.2020.116388
Willmann, R. (1990) Insekten aus der Fur-Formation von Dänemark (Moler, ob. Paleozän/unt. Eozän ?). 1. Allgemeines. 

Meyniana, 42, 1–14.
Yang, Q., Shi, C.F., Li, X.C., Pang, H. & Ren, D. (2018) The first fossil brown lacewing (Neuroptera: Hemerobiidae) from the 

Miocene of the Tibetan Plateau. ZooKeys, 726, 145–154.
	 https://doi.org/10.3897/zookeys.726.21086


