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The Remotor Neuromusculature of the Uropod Propodite in Crayfish: Differential Innervation and Activation of Heads Andrés G. Vidal-Gadea 1, Kyle G. Melvin2, and Dorothy H. Paul*. Biology Dept., University of Victoria, Victoria BC Canada 1 Present address: Department of Biological Sciences, A212 Life Sciences Annex,Louisiana State University, Baton Rouge, LA 70803 U.S.A.



INTRODUCTION The uropod remoter muscles (Re) have been relatively little investigated compared to other tailfan muscles, although their involvement in most behaviors involving the tailfan seems likely. Their complex structure, five heads arising dorsally from the lateral, anterior, and caudal-medial exoskeleton of abdominal segment 6 and converging on two adjacent insertions on the dorsal rim of the propodite, also makes them interesting as regards muscle evolution (Antonsen, Paul 2 000; Paul, Then, Magnuson, 1985). We examined the arrangements of the heads' insertions on the dorsal side of the uropod propodite, their individual innervations, and their electrical activity in freely behaving crayfish, Procambarus clarkii.



Are the Re heads activated during tailflips?



3 EMGs from combinations of Re heads during various unrestrained behaviors 2 Camera lucida drawings of whole Re nerve and its branches. A1. Thirteen somata (~20-40 μm in diameter) in 3 ipsilateral clusters are evident in backfills of the whole nerve: Caudal cluster - 9 somata (C1 C9); Medial cluster - 2 somata (M1, M2); Lateral cluster - 2 somata (L1, L2). A2. The full extent of the neuropil projections, which are entirely ipsilateral. B C. Comparisons among backfills of the whole Re nerve and its individual branches show that the lateral and medial heads share 3 caudal cluster cells, but are also innervate by 2-3 non-shared caudal cluster and different (M2 and M1, respectively) medial cluster cells. The complete innervation of the dorsal heads is uncertain due to the difficult dissection and variable location of the nerve branch, but it includes M1 and at least one caudal cell. All neurites are ipsilateral and more profuse and anterior for medial branch cells than for lateral branch cells. The dorsal head is innervated by at least 2 motoneurons, M1 and C5 (not shown). B. left: whole Re nerve fill, right: medial branch fill. C. bilateral fills of the lateral branch.



METHODS We examined the anatomical arrangement of the heads and their insertions in numerous dissections of fresh tailfans (Panel 1); located the motoneurons innervating each head by axonal backfilling with 2-3% CoCl, NiCl, or a mixture (1:1) of the two (Panel 2); and recorded the electromyographic activity of the heads during various behaviors by means of means of lightweight, Teflon-coated, silver wires implanted in the individual heads (Panel 3).



D. Backfills of the whole Re nerve usually include ≤5 axons that pass through A6 without branching and enter the connective. The diameter of one of these axons is unusually large and best seen in incomplete fills, such as shown here (arrows). E. Photomicrograph of a bilateral Re whole nerves, using NiCl (left) and Ni+Co mixture (right), followed by immersion in Rubeanic Acid. Note that the 2 midline somata are ipsilateral to their axons.



Traces (top to bottom) - Behaviors A Heads: Dorsal and Lateral heads 1 - Forward walking, with contralateral turn. 2 - Stationary turn. 3 - Extension (promotion) of both propodites (and flaring of rami) in response to stroking contralateral exopodite. 4 - Repeated pokes to anterior-ventral thorax elicited backward tailflip. B Heads: Medial 2 & Medial 1 heads 1 - “Free fall” - uropods moving to stabilize descent through water after being lifted off bottom and released. 2 - Backward walking. C Heads: Dorsal, Lateral, Medial 2 Opening tailfan: principal movement was flaring of rami, both sides.



Large muscle potentials always occurred on all channels in conjunction with tailflips (e.g., A4, above), but substantial and unavoidable crosstalk from the adjacent fast flexor and extensor muscles would mask smaller potentials.To ascertain whether the Re heads are activated during tailflips,we performed several acute experiments on isolated abdomens with EMG electrodes implanted in segments 3 & 5 (S2, S5) and two Re heads. A suction electrode placed on the lateral-dorsal side of one connective in abdominal segment 2 allowed stimulation of the LG and MG tailflip command neurons. Cutting nerves 2 and 3 (innervating the extensor and flexor muscles, respectively) in segments 4 and 5 abolished the S5 EMG and the twitch of the loosely restrained caudal abdomen [compare Intact 1 (MG) and Post cut 1]. Large EMG potentials continued to be recorded in the Dorsal, Medial, and Lateral heads (Post cut 2), demonstrating that they are activated during tailflipping.



CONCLUSIONS The Re musculature has been largely ignored in the past, presumably because the movements it generates are small compared to those produced by its complex and powerful antagonists, the ventral muscles in A6 and the telson that converge on the ventral side of the A6-uropod joint. We have found that the innervation of the remotor heads is considerably more complex than 2 lateral head and 2 medial head phasic neurons (Larimer & Kennedy 1969). Electromyograms recorded concurrently from the different heads display both tonic and phasic activity, with varying and different degrees of synchrony between heads, in association with postural change, walking, turning, defense, and tailflipping. These data indicate that the activation as well as the innervation of the Re heads is differential; motor output to Remotor heads clearly varies continuously during both tonic and phasic behaviors. The closeness of the insertions of the 3 tendons to the propodite pivot point with the 6th abdominal segment severely limits the movement amplitude any of the Re heads could produce and, in any case, the skeletal restrictions on the joint severely limit the range of movement in all axes except depression (Paul et al., 1985). We conclude that the functions of the Re heads are principally to stiffen the joint. The dorsal and medial heads elevate, and keep elevated, the uropod when the rami are being flared during turning and for postural balance, while the amount of extension (promotion) is determined by activation of the lateral head. The shifting activity patterns as behaviors change indicates the Re motoneurons are subject to inputs from both numerous “command systems” and sensory feedback pathways.



D Heads: Lateral, Medial 1, Dorsal 1 - Defense posture followed by backward walking. 2 - Small extensions and flexions of tailfan during digging into gravel with pereiopods.



We thank Dr. RM Marx for cutting the nerve sections. Support by NSERC Discovery grant 8183-00 to DHP.
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